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The figures shown on the front cover represent a
relativistic effect on the inelastic partial cross-section of
electron beam for carbon K-shell excitation in a thin
graphite film.

   The upper figures show energy-filtered diffraction
patterns obtained at the incident electron energy of
1000keV (a) and 400keV (b), respectively. The intensity
of the 1000keV pattern is distributed in a smaller
scattering angular region than that of the 400keV pattern.
It should be noticed that the intensity maximum is
observed in both cases.

   The lower figures show the corresponding intensity
profiles along the radial direction of the energy-filtered
diffraction patterns of (a) and (b). The solid line
illustrates the theoretical profiles including the
relativistic term and the dashed line represents the non-

relativistic Lorentzian profile. The experimental
intensity profiles indicated by the dots agree well with
the relativistic ones. When the scattering angle increases,
the intensity distribution approaches the non-relativistic
Lorentzian distribution. The deviation from the non-
relativistic profile is remarkable at higher incident
energy and also at smaller scattering angle. These results
prove directly the validity of the prediction of relativistic
inelastic scattering theory.

   The values of partial cross-section for carbon K-
edge at 1000keV are concluded to be larger than those at
low energy electrons, which suggests that high
sensitivity for detecting an element is expected for high
voltage electron energy-loss spectroscopy and energy-
filtered imaging.

Front cover



CONTENTS
Preface

TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES .........................................................      1

 1. The Effect of Crystal Dispersion on the X-ray Emission Spectrum Observed using Double Crystal
Spectrometer

Tatsunori Tochio, Yoshiaki Ito and Kazuhiko Omote
(STATES AND STRUCTURES — Atomic and Molecular Physics) ...................................................      4

 2. Branching Ratio and L2+L3 Intensities of 3d-Transition Metals in Phthalocyanines and the Amine
Complexes

Masanori Koshino, Hideki Kurata, Seiji Isoda and Takashi Kobayashi
(STATES AND STRUCTURES — Crystal Information Analysis) ......................................................      6

 3. High-Resolution Observation of Crystal Transformation in Isotactic Polybutene-1 Single Crystals
Masatoshi Tosaka, Takashi Kamijo, Masaki Tsuji and Shinzo Kohjiya
(STATES AND STRUCTURES —Polymer Condensed States) ...........................................................      8

 4. Dynamics of Supercritical Water
Nobuyuki Matubayasi, Naoko Nakao and Masaru Nakahara
(INTERFACE SCIENCE — Solutions and Interfaces) ........................................................................    10

 5. Electron Injection to Unoccupied Electronic States in Organic Semiconductor Thin Films Studied by
Inverse Photoemission Spectroscopy

Hiroyuki Yoshida, Kiyohiko Tsutsumi and Naoki Sato
(INTERFACE SCIENCE — Molecular Aggregates) ............................................................................    12

 6. Dissolved Trace Elements in Lake Biwa
Saeko Mito, Masakazu Matsui, Yoshiki Sohrin, Hiroshi Hasegawa and
Munetsugu Kawashima
(INTERFACE SCIENCE —Hydrospheric Environment Analysis) ......................................................    14

 7. Magnetic Vortex Core Observation in Circular Dots of Permalloy
Takuya Okuno, Ralf Hassdorf, Kunji Shigeto, Teruo Ono and Teruya Shinjo
(SOLID STATE CHEMISTRY —Artificial Lattice Allolys) ................................................................    16

 8. [1] Crystal Transformation between Sheared and Layered Phases in Bi-2201
Yasunori Ikeda and Toshinobu Niinae

[2] Effect of Crystal Structure on the Competitive Relation between the Magnetic Order and Super-
conductivity in La1.875Ba0.125-xSrxCuO4

Hideto Goka, Masaki Fujita, Takuyuu Kubo and Kazuyoshi Yamada
(SOLID STATE CHEMISTRY — Quantam Spin Fluids) ....................................................................    18

 9. Antiferromagnetism of S=1/2 Triangles in La4Cu3MoO12
Masaki Azuma, Shintaro Ishiwata and Mikio Takano
(SOLID STATE CHEMISTRY —Multicomponent Materials) ............................................................    20

10. The Structure of Soda-Lime-Silicate Glass and Melt by X-ray Diffraction Method
Jisun Jin, Masahide Takahashi, Takashi Uchino and Toshinobu Yoko
(SOLID STATE CHEMISTRY —Amorphous Materials) ....................................................................    22

11. Viscoelasticity and Morphology of Soft Polycarbonate as a Substitute for Poly(vinyl chloride)
Tadashi Inoue, Hiroshi Watanabe and Kunihiro Osaki
(FUNDAMENTAL MATERIAL PROPERTIES —Molecular Rheology) ...........................................    24

12. Dynamic Heterogeneity of Amorphous Polymers below and above Tg
Toshiji Kanaya and Keisuke Kaji
(FUNDAMENTAL MATERIAL PROPERTIES —Polymer Materials Science) .................................    26



13. One- and Two-Dimensional CP/MAS 13C NMR Analyses of Dynamics in Poly(2-hydroxypropyl
ether of bisphenol-A)

Hironori Kaji, Toshihiro Tai and Fumitaka Horii
(FUNDAMENTAL MATERIAL PROPERTIES —Molecular Dynamic Characterisitics) ..................    28

14. Mechanism and Kinetics of RAFT-Based Living Radical Polymerizations of Styrene and Methyl
Methacrylate

Atsushi Goto, Koichi Sato, Yoshinobu Tsujii and Takeshi Fukuda
(ORGANIC MATERIALS CHEMISTRY — Polymeric Materials) ....................................................    30

15. Novel �-Conjugated Systems: The First Silatropylium Ion and Planar Cyclooctatetraene Annelated
with Bicyclic Frameworks and New Derivatives of Fullerene C60

Koichi Komatsu, Tohru Nishinaga, Yasujiro Murata, Akira Matsuura, Yoshiteru
Izukawa, and Noriyuki Kato
(ORGANIC MATERIALS CHEMISTRY —High-Pressure Organic Chemistry) ................................    32

16. Stereoselective Formation of Cyclopropylsilane through Intramolecular Rearrangement of
[(Allyloxy)dimesitylsilyl]lithiums

Atsushi Kawachi, Hirofumi Maeda and Kohei Tamao
(SYNTHETIC ORGANIC CHEMISTRY — Synthetic Design) ..........................................................    34

17. A Chiral Nonracemic Enolate with Dynamic Axial Chirality: Direct Asymmetric Alkylation of �-
Amino Acid Derivatives

Takeo Kawabata, Hideo Suzuki, Yoshikazu Nagae, Jianyong Chen and Kaoru Fuji
(SYNTHETIC ORGANIC CHEMISTRY — Fine Organic Synthesis) ................................................    36

18. Synthesis of a Stable Stibabismuthene; the First Compound with an Antimony–Bismuth Double Bond
Takahiro Sasamori, Nobuhiro Takeda and Norihiro Tokitoh
(BIOORGANIC CHEMISTRY — Organoelement Chemistry) ...........................................................    38

19. Artificial Zinc Finger Peptide Containing a Novel His4 Domain
Yuichiro Hori, Kazuo Suzuki, Yasushi Okuno, Makoto Nagaoka, Shiroh Futaki
and Yukio Sugiura
(BIOORGANIC CHEMISTRY — Bioactive Chemistry) .....................................................................    40

20. �-Synuclein and Neurodegeneration
Seigo Tanaka, Masanori Takehashi, Naomi Matoh and Kunihiro Ueda
(BIOORGANIC CHEMISTRY — Molecular Clinical Chemistry) ......................................................    42

21. Identification of Catalytic Nucleophile of Escherichia coli �-Glutamyltranspeptidase by Mecha-
nism-Based Affinity Label

Jun Hiratake, Makoto Inoue, Hideyuki Suzuki, Hidehiko Kumagai and Kanzo Sakata
(MOLECULAR BIOFUNCTION — Chemistry of Molecular Biocatalysts) ......................................    44

22. Novel Mechanism of Enzymatic Hydrolysis Involving Cyanoalanine Intermediate Revealed by Mass
Spectrometric Monitoring of an Enzyme Reaction

Nobuyoshi Esaki, Tatsuo Kurihara, Yong-Fu Li and Susumu Ichiyama
(MOLECULAR BIOFUNCTION — Molecular Microbial Science) ...................................................    46

23. Crystal Structure of a NifS Homologue CsdB from Escherichia coli
Tomomi Fujii and Yasuo Hata
(MOLECULAR BIOLOGY AND INFORMATION — Biopolymer Structure) ..................................    48

24. Upstream Regions Required for Expression Control of the Arabidopsis Floral Homeotic Gene
PISTILLATA

Takashi Honma
(MOLECULAR BIOLOGY AND INFORMATION — Molecular Biology) ......................................    50

25. Classification and Analysis of Eukaryotic ABC Transporters in Complete Eukarya Genomes
Yoshinobu Igarashi and Minoru Kanehisa
(MOLECULAR BIOLOGY AND INFORMATION — Biological Information Science) ..................    52



26. The Stretcher Operation of KSR
Takashi Sugimura, Akio Morita, Hiromu Tonguu, Toshiyuki Shirai,
Yoshihisa Iwashita, Hirokazu Fujita and Akira Noda
(NUCLEAR SCIENCE RESEARCH FACILITY — Particle and Photon Beams) ..............................    54

27. Coherent Time Evolution of Highly Excited Rydberg States in Pulsed Electric Field: Opening a New
Scheme for Stringently Selective Field Ionization

M. Tada, Y. Kishimoto, M. Shibata, K. Kominato, C. Ooishi, T. Saida,
T. Haseyama and S. Matsuki
(NUCLEAR SCIENCE RESEARCH FACILITY — Beams and Fundamental Reaction) ..................    56

28. Purification of Terminal Uridylyltransferase from the Crithidia Kinetoplast-Mitochondrion
Hiroyuki Sugisaki
(RESEARCH FACILITY OF NUCLEIC ACIDS) ................................................................................    58

LABORATORIES OF VISITING PROFESSORS ...........................................................................................    60
SOLID STATE CHEMISTRY—Structure Analysis
FUNDAMENTAL MATERIAL PROPERTIES—Composite Material Properties
SYNTHETIC ORGANIC CHEMISTRY—Synthetic Theory

PUBLICATIONS ..................................................................................................................................................    62

SEMINARS ...........................................................................................................................................................    76

MEETINGS AND SYMPOSIUMS .....................................................................................................................    80

THESIS ..................................................................................................................................................................    81

ORGANIZATION AND STAFF .........................................................................................................................    83

PERSONAL ..........................................................................................................................................................    87

NAME INDEX ......................................................................................................................................................    93

KEYWORD INDEX ...............................................................................................................................................  97



At the dawn of the long-awaited 21st century, we chemists are looking to the future with ambition.  In the

final decades of the last century, chemists have been claiming that chemistry should play a key role as the

central science in the new century in every area including life science, information technology, nano-tech-

nology, the environment, and the graying society.  We are now in the 21st century and are ready to put our

best foot forward.

In this context, our Institute for Chemical Research, ICR, has entered into the new century with ideal

situations.  The proposal for our new attached research center, the Bioinformatics Center, was approved at

the end of December as the fiscal 2001 draft budget.  Thus, from April 2001, two new laboratories will join

our Institute, making 29 laboratories in total.  The bioinformatics research in this center will be led by Prof.

KANEHISA Minoru who was awarded a special budget for the so-called Millennium Project in April

2000.  Also, from April 2000, the Kyoto University Center of Excellence (COE) Project entitled “Ele-

ments Science” started as a five-year research project; Eight of the total ten research members, including

the project leader TAMAO, have joined this project from ICR, representing the core of the project.  In

addition, many research staff members have received a variety of special grants.  Thus our ICR is now

growing steadily not only in quantity but also in quality, and thus keeping the vitality necessary for overcom-

ing the forthcoming inevitable turning points of national universities, such as transformation into agencies,

the evaluation of research and education by an independent assessment body, and policy changes in the

budget distribution.

There was also a significant change in the ICR administration office last year.  The previous six individual

offices belonging to the five institutes and one center located on the Uji campus were combined into a single

office.  On January 6, 2001, the reform of the Japanese Government was carried out to regroup the

government ministries and agencies into 13 from the previous 23.  The previous Monbusho and Kagaku-

Gijutsu-cho were combined into the Monbu-Kagaku-sho, the Ministry of Education, Culture, Sports,

Science and Technology.  It is hoped that these reforms were carried out in an effort to increase efficiency

and flexibility.  Therefore, we expect an increase in their services.

     The ICR Annual Report continues to strive to provide timely and important information on the scien-

tific activities of the ICR.  At the end of March, 2000, Prof. MUKOYAMA Takeshi of the Laboratory of
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Atomic and Molecular Physics retired from our institute and was appointed to a Professorship at Kansai

Gaidai University.  The former Director, Prof. MIYAMOTO Takeaki of the Laboratory of Polymeric

Materials retired a year early from our institute and became the President of the Matsue National College

of Technology.  At the end of March 2001, Prof. KOBAYASHI Takashi of the Laboratory of Crystal

Information Analysis will also retire from the ICR.  Sadly, Technician Ms. SUZUKI Mitsuko suddenly

passed away in December; May she rest in peace.

We have appointed two new young professors in 2000.  In April, Prof. TOKITOH Norihiro moved

from Kyushu University to the Laboratory of Organoelement Chemistry.  In May, Prof. SORIN Yoshiki

returned from Kanazawa University to chair the professorship of the Laboratory of Hydrospheric Environ-

ment Analysis at ICR.  At the present stage, 23 full professors, 27 associate professors, and 41 instructors

work in the ICR, and about 220 graduate students and 23 foreign researchers study at the ICR.

     Finally, I would like to congratulate Prof. SHINJO Teruya for being awarded a Purple Ribbon Medal

(Shijuhosho) and Prof. SUGIURA Yukio for the Pharmaceutical Society of Japan Award.

January, 2001

 TAMAO Kohei
DIRECTOR
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STATES AND STRUCTURES  Atomic and Molecular Physics

The Effect of Crystal Dispersion on the X-ray Emission

Spectrum Observed using a Double Crystal Spectrometer

Tatsunori Tochio, Yoshiaki Ito and Kazuhiko Omote

The effect of the rocking curve on the x-ray emission spectrum observed using a double-crystal spec-
trometer was discussed. The results for Si (220) crystal at 1.54056Å (Cu K�1) show that the x-ray of
wavelength �0-�� (��=0.00007Å ) is much more reflected by the double crystal put in the (++) position
of �B than the x-ray of wavelength �0 which exactly satisfies the Bragg condition. In the last we men-
tioned what we observe in our measurement with a double-crystal spectrometer.

Keywords: double-crystal spectrometer/ rocking curve/ x-ray emission spectrum

Scope of Research
In order to obtain fundamental information on the property and structure of materials, the electronic states of atoms and
molecules are investigated in detail using X-ray, SR, ion beam from accelerator and nuclear radiation from radioisotopes.
Theoretical analysis of the electronic states and development of new radiation detectors are also performed.

students:

SHIGEMI, Akio (DC)
TOCHIO, Tatsunori (DC)
MASAOKA, Sei (DC)
SHIGEOKA, Nobuyuki (DC)
MUTAGUCHI, Kohei (MC)
OHASHI, Hirofumi (MC)
NAKANISHI, Yoshikazu (RF)

Assoc. Prof
ITO,

Yoshiaki
(D Sc)

Instructor
KATANO,

Rintaro
(D Eng)

Instructor
NAKAMATSU,

Hirohide
(D Sc)

X-ray emission spectroscopy is known as a valuable
tool for estimating the level width and the probabilities
of various multi-electron transitions. In spite of its use-
fulness the instrumental function which is specific for the
spectrometer used makes a precise analysis difficult. The
instrumental function for a double-crystal spectrometer
is relatively small compared with that for a single crystal
spectrometer because the first crystal plays the same role
as a narrow slit. But even for a double crystal spectrom-
eter the instrumental function cannot be neglected. The
aim of our work is to evaluate the effect of the crystal
dispersion on the x-ray emission spectrum observed by
means of a double-crystal spectrometer and to establish
the way to analyze it. The crystal dispersion is consid-
ered to be a main component of the instrumental function

in a double-crystal spectrometer and we may assume that
the contributions from other components are almost neg-
ligible.

First we consider the monochromatic x-ray which has
the wavelength �0 satisfying the Bragg condition  with
the Bragg angle �B determined by the positions of two
crystals. As can be seen from the Figure1, the beam re-
flected on the first crystal by the angle of �=�B + d� makes
an incidence angle of �’=�B-d� with the surface of the
second crystal. This gives us the expression for the rock-
ing curve for double crystal (RD(�B;�0;�’)= RD(�B;�0;2�B

-�)) as follows.

Here, RS(�) expresses the rocking curve for single crys-

� � � � � � � �1.'2;;';;';; 000 ���������� ��� BBSBSBD RRR
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tal which we define as the average of the rocking curve
for the normal polarization and that for the parallel polar-
ization. In the normal polarization the electric vector E,
at the moment when the x-ray is reflected, is normal to
the plane containing the wave vector for the incident beam
k
0
 and that for the diffracted beam k

H
, while in the paral-

lel polarization the electric vector E lies in that plane.
The curves of RD(�’)= RD(2�B-�) for Si(220) at Cu K�1

energy are shown in the Figure 2- (a).
Now we consider the beam having the wavelength �’

which is very close to �0. The Bragg angle for this beam
�B’ is given by

This leads to the expression for the rocking curve in a
double-crystal (The attention should be paid to the fact
that the positions of the two crystals are not for �B’

 but for
�B.) at the wavelength of �’ as follows.

We can easily check that RD(�B;�’;�) corresponds to
equation (1) when �’ is equal to �0. For �’ =�0-�� , �0+��
(��=0.00007 ), the curve of RD(x;�)  is shown in the
Figure 2-(b),(c) respectively. Figure 2- (a),(b),(c) show
that the x-ray of wavelength �0-�� is reflected most
strongly compared with the others. In fact S(a) : S(b) :
S(c), the ratio of the area under the curve, is approximately
4 : 67 : 1. When the intensity distribution of the incident
beam on the wavelength � is Iin(�), the intensity distribu-
tion of the diffracted beam becomes

Figure1. Schematic diagram of the reflections by double-
crystal with (++) position

Figure 2. RD(�B; �’;�’) for Si (220) at (a) �’= �0 (�0

=1.54056Å), (b) �’ = �0-�� (��=0.00007 Å ),
(c) �’= �0+�� (��=0.00007 Å )

Inversely, the the intensity distribution of the diffracted
beam in the direction �’ is expressed as follows .

The range of angle or wavelength having a significant
intensity is so small that the detector can count all the
photons in this range. Then the expression for what we
observe is written as

The observed spectrum is considered to be the trace of
Iout(�B) at each point of �B which we change during the
scan.
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STATES AND STRUCTURES  — Crystal Information Analysis —

Scope of research
Structures of materials and their structural transition associated with chemical reactions are studied through the direct obser-
vation of atomic or molecular imaging by high resolution spectro-microscopy. It aims to explore new methods for imaging with
high resolution and for obtaining more detailed chemical information. The following subjects are studied: direct structure
analysis of ultrafine crystallites and ultrathin films, crystal growth and adsorption states of organic materials, and develop-
ment on high resolution energy filtered imaging as well as electron energy-loss spectroscopy.

Prof
KOBAYASHI,

Takashi
(D Sc)

Assoc Prof
ISODA,

Seiji
(D Sc)

Instr
OGAWA,
Tetsuya
(D Sc)

Instr
NEMOTO,

Takashi
(D Sc)

Students:
SUGA, Takeo (RF, D Sc)
KUWAMOTO, Kiyoshi (DC)
KOSHINO, Masanori (DC)
YAJI, Toyonari (DC)
FUJIWARA, Eiichi (DC)
TSUJIMOTO, Masahiko (DC)
YOSHIDA, Kaname (DC)
FURUKAWA, Chieko (DC)
HASEGAWA, Yuko(MC)
TAKAJYO, Daisuke(MC)
TAKANO, Hiroki(MC)
HAYASHI, Masayuki(MC)

For the 3d-transition metal atoms with open shell struc-
tures, characteristics of such metal compound predomi-
nately depend on its d-electronic states which contribute
to the chemical bonding and also are affected easily  by
surrounding atoms.  Electron energy-loss spectroscopy
(EELS) can be used to get information on the d-states
even from a small region of a specimen.  Like other opti-
cal analytical methods, the L2,3 spectra which can be ob-
tained as a result of an excitation, for example, from the
initial states 2p63dn to the final states 2p53dn+1 will be avail-
able to investigate d-occupancy and other d-electronic
states. In the present study, we examined relation between
3d-occupancy and L-edge spectra of phthalocyanines (Pc)
with various 3d-metals. We also examined the spectral
changes in FePc due to complex formation with gas phase
amines such as pyridine or �-picoline, where the amines

are expected to act as electron donors. The branching ra-
tio I(L3)/I(L2+L3), which depends on both the valence band
spin-orbit coupling and the electrostatic interactions be-
tween core-hole and valence-electron, was also obtained
in each complex and compared to the calculated values
on metal oxides by Thole and Laan [1].

The normalized spectra of TiOPc, CrPc, MnPc, FePc,
CoPc, NiPc and CuPc are shown in Fig.1. L2+L3 integral
intensities were measured on each spectrum in Fig.1 and
plotted against the number of formal 3d-electrons as
shown in Fig.2. The result reveals that the increases in d-
electrons causes the decrease of L2+L3 intensities; that is,
the metal phthalocyanines with larger number of 3d-elec-
trons show lower L2+L3 intensities.  It is due to the de-
crease in the number of vacancies in 3d-orbitals.

Relative L3 intensities in the excitation, the branching

Assoc Instr
MORIGUCHI,

Sakumi

Branching Ratio and L
2
+L

3
 Intensities of 3d-Transition Met-

als in Phthalocyanines and the Amine Complexes

Masanori Koshino, Hideki Kurata, Seiji Isoda and Takashi Kobayashi

L2,3 inner-shell excitation spectra were obtained by electron energy-loss spectroscopy (EELS) for the
divalent first transition series metals in phthalocyanine complexes.  It was found that the value of
normalized total intensity of I(L2+L3) was nearly proportional to the formal electron vacancies of each
3d-state, and the values of the branching ratio, I(L3)/I((L2+L3), represented a high spin state rather than
low spin state.  EELS was also applied to charge-transfer complexes of FePc with amine. It was con-
cluded that their  I(L2+L3) intensity of Fe showed the decrease in vacancies of 3d-states on the forma-
tion of the charge transfer complex, which suggests some electron transfer from the amine to Fe in
phthalocyanine.

Keywords: Electron energy-loss spectroscopy/ Transition metals/ Phthalocyanines/ Charge transfer
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Figure 1. Series EELS spectra of MPc.

Figure 2. Normalized total intensities of L2+L3 as a  function of
the number of formal 3d-electrons.

Figure 3. Branching ratio against number of formal 3d-electrons;
(a) measured branching ratios of metal phthalocyanines, (b)
calculated for high spin-state and (c) for low spin-state

ratio I(L3)/I(L2+L3) is sensitive to the spin-states of 3d-
electrons and shows large value for high spin-state and
vice versa [2-4]. The correlation between formal 3d-oc-
cupancy and the branching ratio is shown in Fig.3 with
the open circles of the line (a). These values are gradually
increasing to reach the highest one of 0.72 for MnPc which
has d5 electrons and then decreasing slightly with increas-
ing further the number of 3d-electrons. In the absence of
both the electrostatic interactions between core-hole and
3d-electron and the spin-orbit coupling in the valence elec-
trons, the branching ratio is 2/3. Actually, however, the
branching ratio varies depending on  spin-orbital and elec-
trostatic interactions as well as on ligand field. Laan et.
al. have calculated the branching ratio relating to the tran-
sition from the initial state 2p63dn to the final state 2p53dn+1

in the series of 3d-metal ions [2]. In the figure, the calcu-
lated branching ratios for high- and low-spin states were
obtained for the case when all spin-orbital split levels of

the ground state term are equally populated (z=0, in their
notation), which are represented by the curves (b) and (c)
in Fig.3, respectively.  The present results on MnPc, FePc
and CoPc, agree well with those of the calculated ones
for high-spin state. This indicates that the metal phthalo-
cyanines from MnPc to CoPc has high spin state.

FePc-amine complexes show smaller intensity of L2+L3

compared to that of pristine FePc as already summarized
in Fig.2, which suggests that the addition of amine ligands
leads to the decrease in vacancy of 3d-states of Fe atom;
that is, the amines donate some amount of electrons to Fe
in FePc.  In the normalized intensities of L2+L3 in Fig.2,
the pyridine seems to donate more electrons to FePc than
�-picoline. As for the branching ratio, the amine complexes
have larger values than that of FePc (Fig.3), which sug-
gests that the spin-orbit coupling may be changed by ad-
dition of amine ligands. Here we can conclude that the
amines affect not only the population of electrons, but
also on the electronic interaction in FePc.

References
1. Thole, B T and van der Laan, G :Phys.Rev. B38, 3158-3171

(1988).
2. van der Laan, G and Thole, B T: Phys. Rev. B43, 13401-

13410 (1991).
3. Kurata, H and Colliex, C: Phys. Rev. B48, 2102-2108 (1993).
4. Kurata, H, Hojou, K and Uozumi, T: J.Electron Microscopy

47, 293-299 (1998).
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STATES AND STRUCTURES  — Polymer Condensed States —

High-Resolution Observation of Crystal Transformation in

Isotactic Polybutene-1 Single Crystals

Masatoshi Tosaka, Takashi Kamijo, Masaki Tsuji and Shinzo Kohjiya

The crystal transformation in lamellar crystals of polybutene-1 grown from an amyl acetate solution
was studied by cryogenic high-resolution transmission electron microscopy. The shape of the trans-
formed trigonal (form-1) crystal domains in the surrounding tetragonal (form-2) crystal was success-
fully revealed. Along with the nucleation of "untwinned" form-1, the existence of another nucleation
mechanism which creates "twinned" form-1 was suspected. The growth of form-1 crystal was thought
to progress not stem by stem but by pulling in the molecular chains from the surrounding form-2,
creating new stems of form-1. The shape of the form-1 domain was irregular, and no specific crystallo-
graphic direction along which the form-1 domain tends to grow was found.

Keywords : Transmission electron microscopy/  Lattice fringes/ Image processing/  Nucleation/ Mo-
lecular mechanism

Scope of research
Attempts have been made to elucidate the molecular arrangement and the mechanism of structural formation/change in crystal-
line polymer solids, polymer gels and elastomers, polymer liquid crystals, and polymer composites, mainly by electron micros-
copy and/or X-ray diffraction/scattering. The major subjects are: synthesis and structural analysis of polymer composite mate-
rials, preparation and characterization of polymer gels and elastomeric materials, structural analysis of crystalline polymer
solids by direct observation at molecular level resolution, and in situ studies on structural formation/change in crystalline
polymer solids.
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Three major crystalline forms have been reported for
isotactic polybutene-1 (PB1) so far. Form-1 is character-_
ized by the trigonal unit cell (space group R3c or R3c; a =
1.77 nm, c (chain axis) = 0.65 nm) and 3/1 helical confor-
mation of backbone chains. Form-2 has the tetragonal unit_
cell (P4; a = 1.542 nm, c (chain axis) = 2.105 nm) in
which four molecular chain stems with 11/3 helical con-
formation are packed. In form-3, molecular chains with
4/1 helical conformation are packed in the orthorhombic
unit cell (P212121; a = 1.238 nm, b = 0.888 nm and c (chain
axis) = 0.756 nm). Form-2 gradually transforms into form-
1 on aging at room temperature [1]. It is still unclear, in
terms of the molecular movements, how form-2 trans-
forms into form-1 without changing the original shape.
In this paper, solution-grown lamellar crystals of PB1 are
studied by high-resolution transmission electron micros-
copy (HREM). The shape of each crystal domain is dis-
cussed on the basis of the distribution of corresponding
lattice fringes in the HREM image.

The as-received PB1 was dissolved in amyl acetate to
be an 0.01 or 0.02 wt% solution. Isothermal crystalliza-
tion was performed by putting a test tube containing the
solution into an oil bath thermostated at the prefixed crys-
tallization temperature. For HREM, a cryogenic transmis-
sion electron microscope (JEOL JEM-4000SFX; 400kV)
was used. In this case, the built-in MDS was utilized and
the specimen was cooled down to the liquid helium tem-
perature (4.2K) to suppress electron irradiation damage
[2,3]. The HREM images were processed with a com-
puter for detection of the domains in which certain lattice
fringes appear [4]. First, by applying a Fourier-filtering
technique, an intermediate image was created from the
original image using a pair of intensity maxima in the__
reciprocal space (viz., hk0 and hk0; the origin, 000, was
not included in processing). This intermediate image
showed the corresponding lattice fringes on the whole
area; the strength (contrast) of the lattice fringes was dif-
ferent from place to place. The intermediate image was
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further processed by calculating the “local standard de-
viation” (LSD) of several (typically 5�5) pixels surround-
ing and including every given pixel. The LSD filter is a
kind of smooth-edge detector and returns a larger value
leading to an increase in brightness over a certain do-
main with inherent lattice fringes, namely lattice fringes
that existed in the original image. By the image process-
ing applied here, only the regions with inherent lattice
fringes having a high contrast ought to be highlighted.

Figure 1 shows a set of images processed from one of
the HREM images. The bright regions in parts a and b of
Figure 1 show the form-2 and form-1 domains, respec-
tively. Since the small spots in the processed images
should have come from the noise in the original micro-
graph, they were neglected. Figure 1c summarizes the ar-
rangement of these form-2 and form-1 domains. The
stripes in each domain are drawn as to be parallel to the
(110) plane.  Because there is only one form-1 domain of
single orientation, form-1 seems to have nucleated in a
manner which does not include twinning.

Figure 2 summarizes the results from another set of
processed images. It should be noted that four form-1 do-
mains meet at one “point” indicated by the arrow in Fig-
ure 2. The convergence of separately-nucleated four do-

mains at one “point” should be statistically rare. Further-
more, each pair of the two domains opposed at the “point”
has the same crystallographic orientation. Therefore, it is
strongly believed that the four form-1 domains nucleated
at the point indicated by the arrow as a twin crystal. Fig-
ure 2 suggests that there is another nucleating mechanism
which starts from a certain peculiar “point”, creating the
“twinned” form-1 crystallites.

Because of the conformational change, the transfor-
mation from form-2 to form-1 accompanies the increase
in length (by ca. 13%) of a molecular stem which is com-
posed of a given number of monomer units. At the same
time, the density of the crystallites increases and the area
for a given number of stems decreases (by ca. 24% on the
ab-plane). However, we observed neither the variation of
lamellar thickness nor the generation of vacancies in the
lamellae. Therefore, a considerable part of the increment
of the stem length on the transformation should be con-
sumed to fill the vacancy which results from the density
change. The form-1 domain may grow by reeling in the
molecular chains from the surrounding form-2 domain,
uncoiling the form-2 crystallites and creating  new stems
of form-1. This hypothesis is supported by the fact that
we found a region of several hundreds of nanometers of
square, where three crystallites of the form-1 are closely
packed without discernible vacancy. If the transforma-
tion were to progress stem by stem without changing the
number of stems, then some of the stems would have to
travel several tens of nanometers of distance (much more
larger than the stem length) to form such a large crystal-
lite.
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Figure 1. Partly transformed PB1 lamellar crystal. The specimen was kept at room temperature for 4 days before taking the HREM
image. The bright regions are (a) form-2 and (b) form-1. The corresponding area and the orientation are summarized in (c), in which
the stripes are drawn parallel to the (110) plane.

Figure 2. Arrangement of transformed form-1 crystallites in a
lamella. The specimen was kept at room temperature for 4 days
before taking the original HREM image.  The stripes are drawn
parallel to the (110) plane.
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Dynamics of supercritical water

Nobuyuki Matubayasi, Naoko Nakao and Masaru Nakahara

Supercritical water receives much attention recently
as a novel and clean medium for chemical processes of
environmental and industrial importance. The rate of a
chemical process in a fluid medium is determined by the
thermodynamics and dynamics of hydration of the chemi-
cal species involved in the process. Although the overall
behavior of a chemical reaction is governed by the free
energy profile along the reaction coordinate, the dynam-
ics of hydration often plays an important role in deter-
mining the reaction rate constant and is indispensable for
a molecular description of the rate constant. The dynam-
ics of supercritical hydration is inseparably related to the
dynamical structure of pure solvent water at the
supercritical state. Thus, in order to establish the molecu-
lar picture of the hydration dynamics in supercritical wa-
ter, it is essential to characterize the dynamics of
supercritical water as a pure solvent. In this work, we

Scope of research
Structure and dynamics of a vari-
ety of ionic and nonionic solutions
of physical, chemical, and biologi-
cal interests are systematically
studied by NMR under extreme
conditions. High pressures and
high temperatures are employed to
shed light on microscopic control-
ling factors for the structure and
dynamics of solutions. Vibrational
spectroscopic studies are carried
out to elucidate structure and ori-
entations of organic and water
molecules in ultra-thin films. Crys-
tallization of protein monolayers,
advanced dispersion systems at
liquid-liquid interfaces, and
biomembranes are also investi-
gated.
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determine the reorientational correlation time of a single
water molecule in supercritical heavy water (D2O) by
measuring the deuteron NMR spin-lattice relaxation time.
We show that the deuteron spin-lattice relaxation time of
supercritical heavy water is governed by the quadrupolar
mechanism and provides information about the motion
of a single water molecule in the configuration space.

In order to realize a supercritical state of heavy water
(D2O), the capillary method was employed. In this method,
water is confined in a sealed capillary made of quartz and
the capillary is placed in an NMR sample tube. The con-
tent of water in the capillary uniquely determines the den-
sity at supercritical conditions. The density of supercritical
heavy water can be conveniently expressed by the pack-
ing fraction, which is defined as the ratio of the (liquid)
water volume in the capillary to the total volume of the
capillary at room temperature. When the packing frac-

The rotational dynamics of water in super- and subcritical conditions is investigated by measuring the
spin-lattice relaxation time �1 of heavy water (D2O). The experimentally determined �1  is shown to be
governed by the quadrupolar relaxation mechanism even in the supercritical conditions and to provide
the second-order reorientational correlation time �2R of the O-D axis of a single water molecule. It is
then found that while �2R decreases rapidly with the temperature on the liquid branch of the saturation
curve, it remains on the order of several tens of femtoseconds when the density is varied up to twice the
critical at a fixed supercritical temperature of 400 ºC. The comparison of �2R with the angular momen-
tum correlation time shows that the rotational dynamics is not diffusive in supercritical water. The
dependence of �2R on the hydrogen bonding state is also examined in combination with molecular
dynamics simulations, and the effect of the hydrogen bonding on the rotational dynamics in supercritical
water is found to be weaker than but to be on the same order of magnitude as that in ambient water on
the relative scale.

Keywords : supercritical water / rotational dynamics / NMR / inertial effect / hydrogen bonding
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tion is �, the density of heavy water at a supercritical tem-
perature is 1.1� g/cm3, provided that the liquid density is
1.1 g/cm3 at room temperature. The packing fractions
examined in the present work are � = +0.0, 0.1, 0.2, 0.3,
0.4, 0.5, and 0.6 with errors of less than 0.03. The expres-
sion � = +0.0 means that the packing fraction is smaller
than 0.02, though water is definitely present in the capil-
lary. We adopt this expression for the lowest packing frac-
tion since it is not possible in our capillary apparatus to
identify � precisely when � < 0.02. Actually, it is suffi-
cient for the following discussion simply to specify that
the lowest � examined is certainly smaller than 0.1.

The �1 was determined by the inversion recovery
method, and it is related to the reorientational correlation
time �2R of a single water molecule through

1
T1

�
3� 2

2
e2Qq

h
��

��
��

��

��
��

2

�2 R                        (1)

where e2Qq/h is the quadrupolar coupling constant (QCC)
which represents the interaction between the quadrupole
moment of the D nucleus (eQ) and the electric field gra-
dient at the nucleus (eq). In Fig. 1, we show �2R as a func-
tion of the density � over the thermodynamic states ex-
amined in the present work. In this figure, the QCC value
adopted in Eq. (1) is the ambient liquid phase value of
256 kHz when � > 0.6 and the system is on the liquid
branch of the saturation curve. At the supercritical states
with � � 0.6, �2R shown in Fig. 1 is determined through
Eq. (1) by assuming that the deviation of the QCC value
at a given thermodynamic state from that at the dilute gas
state is proportional to the corresponding deviation of the
average dipole moment of a water molecule calculated
from computer simulations of the TIP4P-FQ model. It is
seen that �2R decreases rapidly with the temperature on
the liquid branch of the saturation curve. While the
reorientational relaxation proceeds on the order of pico-
second in ambient water, it is on the order of several tens
of femtoseconds when a supercritical state is realized. At
a fixed supercritical temperature of 400 ºC, �2R is between
45 and 80 fs at the densities from � = 0.1 to 0.6. When the
chemical shift � is concerned in the supercritical condi-
tions, it was found that the strength of the density depen-
dence expressed as � ��/ � is comparable to � itself.

For the reorientational correlation time �2R, in contrast,
Fig. 1 shows that �2R changes only by ~30% in response
to the density variation from � = 0.1 to 0.6 at a fixed
temperature of 400 ºC. This shows that the rotational dy-
namics reflects only partially the change in the state of
the hydrogen bonding caused by the density variation.
When the intermolecular interaction is absent, �2R is to
diverge due to the conservation of angular momentum.
Figure 1 then shows that the intermolecular interaction is
effective when the density is above ~1/3 of the critical.

In order to closely see the effect of the hydrogen bond-
ing state on the rotational dynamics, we examine the de-
pendence of �2R on the number NHB of hydrogen bonds by
using the molecular dynamics simulations. It was then
observed that the absolute change in �2R against the varia-

tion of NHB is larger by orders of magnitude at the ambi-
ent state than at the supercritical states. On the other hand,
the relative change at the supercritical states is on the
average ~2/3 of that at the ambient state. When seen on
the relative scale, therefore, the dependence of the rota-
tional dynamics on the hydrogen bonding state in
supercritical water is weaker than but is on the same or-
der of magnitude as that in ambient water. According to
Fig. 1 and the number NHB of hydrogen bonds determined
from the chemical shift, the experimental �2R increases by
~20% per hydrogen bond when the density is varied at a
constant supercritical temperature.

The angular momentum correlation time �J can also be
determined from �1 of light water (H2O). It is then found
that �2R is comparable to or smaller than �J over the entire
range of the supercritical conditions examined. In this
case, the reorientational relaxation is not diffusive and
that the inertial effect is operative. Furthermore, the ra-
tios of �2R and tJ of D2O to those of H2O in the supercritical
conditions are ~1.3 and are close to the square root of the
ratio of the moment of inertia. Since the viscosity is ex-
perimentally coincident within ~5% between H2O and
D2O in the supercritical conditions, the �2R difference be-
tween H2O and D2O reflects the inertial effects in the
reorientational relaxation. At the ambient condition of �
= 1.0 and 30 ºC, on the other hand, since the angular
momentum relaxation was found to be faster than the
reorientational relaxation by orders of magnitude, the ro-
tational diffusion limit is realized.

In order to obtain quantitative insights into a reaction
dynamics in supercritical water, it is often necessary to
estimate the lifetime of the hydration structure around the
reactive species. According to the previously accumulated
data concerning the rotational dynamics of solutions at
ambient conditions, it is natural to consider for both ionic
and nonpolar solutes that when a super- or subcritical
condition is realized, the reorientational relaxation of a
water molecule around the solute deviates from that in
the pure solvent by a factor of less than ~2. Thus, �2R de-
termined in the present work serves as the characteristic
time for the orientational part of a dynamical process in
super- and subcritical water.

Figure 1. The reorientational correlation time �2R of heavy wa-
ter as a function of density �.
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As electronic properties of organic semiconductors are
predominated by their electronic structures around the
energy gap, examining those of unoccupied states as well
as valence states is essentially important; Photoemission
spectroscopy (PES), particularly ultraviolet photoemis-
sion spectroscopy (UPS), has widely been applied to ob-
serve valence electronic structures, however, the direct
observation of unoccupied electronic structures using in-
verse photoemission spectroscopy (IPES) has so far been
carried out only for a few organic materials because of
difficulties in the experimental method chiefly caused by
a very low efficiency of the inverse photoemission pro-
cess.

Recently we designed and installed an apparatus of
IPES in the mode of Bremsstrahlung Isochromat Spec-
troscopy (BIS), with aiming at the measurements of or-
ganic samples in particular [1].  In this work we have
studied the charge carrier injection into an organic semi-

Electron Injection to Unoccupied Electronic States in
Organic Semiconductor Thin Films Studied by Inverse

Photoemission Spectroscopy

Hiroyuki Yoshida, Kiyohiko Tsutsumi and Naoki Sato

conductor by direct examination of electron transfer into
unoccupied electronic states in perylene-3,4,9,10-
tetracarboxylic dianhydride (PTCDA) thin films by al-
kali metal doping which is usually employed.  Observed
results with different dopant concentrations will be dis-
cussed in terms of electron-transfer equilibrium reaction
from alkali metals to a PTCDA molecule [2].

PTCDA purchased from BASF were purified by re-
peated sublimation.  Its thin films in the thickness of 6
nm were vacuum-deposited onto gold substrates under
the pressure lower than 5 � 10–8 Pa.  IPES measurements
of these specimen films were carried out in situ as fol-
lows: mono-energetic electrons in the range of 4-12 eV
were irradiated onto a sample film and vacuum ultravio-
let light emitted from the film was detected by a band-
pass detector with sensitivity maximum at 9.8 eV (1 eV �
0.1602 aJ) and the full width at half maximum (FWHM)
of 0.65 eV.  The detected photocurrent normalized by the

Scope of research
The research at this subdivision is devoted to correlation studies on structures and properties of both natural and artificial
molecular aggregates from two main standpoints: photoelectric and dielectric properties. The electronic structure of organic
thin films is studied using photoemission and inverse photoemission spectroscopies in connection with the former, and its
results are applied to create novel molecular systems with characteristic electronic functions. The latter is concerned with
heterogeneous structures in microcapsules, biopolymers, biological membranes and biological cells, and the nonlinearity in
their dielectric properties is also studied in relation to molecular motions.
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Inverse photoemission spectroscopy (IPES) in the vacuum ultraviolet region was applied to directly
observe behaviors of electron injection into unoccupied electronic states in perylene-3,4,9,10-
tetracarboxylic dianhydride (PTCDA) thin films due to alkali metal.  By the analysis of the observed
results the amount of injected electrons per PTCDA molecule was evaluated with relation to the dopant
concentration.  The derived relationship has been explained with the aid of DV-X� calculations of
energy levels concerned.

Keywords:  Inverse photoemission/ Unoccupied electronic state/ Organic semiconductor/ Alkali metal
doping /Electron injection
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incident electron-beam current was recorded to give an
IPE spectrum, with the overall energy resolution of about
0.80 eV.  Alkali metal doping into a PTCDA film was
carried out using a SAES Getters alkali metal dispenser,
followed by aging.  The dopant concentration was deter-
mined by a quartz oscillator monitor and also by X-ray
photoemission spectroscopy in C1s and K2p regions.  All
the experiments were performed at room temperature.

Fig. 1 depicts IPE spectra (drawn in dotted lines) ob-
served for potassium doped PTCDA thin films, i.e.
KnPTCDA, where n is potassium concentration defined
as the mole fraction of potassium atoms against PTCDA
molecules.  The abscissa is energy of the state relative to
the Fermi level.  The decrease in intensity of the first or
lowest-energy feature among three ones with increasing
n is most notable.  To make a close study of this phenom-
enon we tried to deconvolute each spectrum using three
Gaussians; the spectrum fitted by these Gaussians indi-
cated by a solid line reproduces the observed one well.
By such a procedure it is demonstrated that the intensity
of the first feature decreases with increasing n while those
of the second and third ones almost unchanged.  This can
be explained by a decrease in density of the lowest unoc-
cupied states in PTCDA caused by electron injection from
potassium atoms.

The first feature of IPE spectrum is derived only from
LUMO of PTCDA which can accommodate maximal two
electrons and a decrease of its intensity is proportional to
the amount of electrons transferred to LUMO, so that the
number � of electrons injected to a PTCDA molecule in
the film can be expressed as follows:

        � = 2 ( 1 – I / I0)                                           (1)
where I0 and I are intensities of the first feature before
and after potassium doping, respectively.  In order to ex-
plain the obtained result that � values calculated from I
using eq (1) are much less than the corresponding n espe-
cially at large n values, the following simple electron-
transfer equilibrium is considered:

        PTCDA  +  n K  =  PTCDA–�  +  n K+� /n     (2)
At the initial stage the highest occupied atomic orbital

(HOAO) of a potassium atom is located energetically
higher than LUMO of PTCDA.  On the one hand, the
increase of electron density on an atom or a molecule
will raise its one-electron levels.  With taking this into
account, electrons pre-distributed at HOAOs of n potas-
sium atoms to be interacted with a PTCDA molecule are
possible to transfer to LUMO of the PTCDA molecule so
far as the energies between LUMO of PTCDA, EP(–�),
and HOAO of the potassium, EK(+�/n), coincide with each
other.

To consider this, orbital energies of LUMO in a PTCDA
molecule and HOAO in a potassium atom, i.e. EP(q) and
EK(q), respectively, were calculated as functions of nomi-
nal charge qe by the DV-X� method, where q is a real
number not restricted to the integer and e is the elemen-
tary charge.  From the results of such density functional
calculations it is clarified that both EP(q) and EK(q) are
expressed by linear functions of q as follows: EP(q) = AP

+ qBP and EK(q) = AK + qBK, where AP and BP are con-
stants determined for PTCDA and AK and BK are for po-
tassium.  With bearing in mind eq (2), the electron trans-
fer reaction will reach equilibrium when the energy-level
matching, EP(–��) = EK(+�/n), is established.  By combin-
ing this relation with the linear functions above, the num-
ber � of electrons injected from n potassium atoms to a
PTCDA molecule can therefore be evaluated by the fol-
lowing equation:

        � = ��(n) = (AP – AK) / (BP + BK/n)                 (3)
Thus-obtained result of ��(n) turned out to be in good

agreement with the experimental one for � vs. n.  This
conformity leads us to conclude that the number of elec-
trons transferred from potassium atoms to a PTCDA mol-
ecule in the thin film is predominantly regulated by the
electronic reciprocation between LUMO of the molecule
and HOAO of a potassium atom with electron correla-
tions involving Coulombic screening and repulsion in
those atoms and molecules.

Figure 1  IPE spectra of a PTCDA evaporated thin film
at different levels of potassium doping, KnPTCDA.
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Trace elements in freshwater have been studied with a
view to understanding biogeochemical cycles of elements
and protecting the environment from pollution. It has be-
come clear that concentrations of dissolved trace elements
in freshwater are lower than those previously reported
(e.g., Pb and Cd in the Grate Lakes [1]). Contamination
with trace elements through sampling, filtration,
preconcentration and determination has been a serious
problem. Investigation of trace elements in oxic lakes has
been difficult, because many elements are present at a
low concentration under well-oxygenated conditions. The
northern basin of Lake Biwa (Northern Lake) is both a
mesotrophic and monomictic lake, of which the water col-
umn is enough deep (average 44 m) to develop a summer
thermocline but oxic throughout the year. We have de-
veloped a clean technique for the determination of trace

Dissolved Trace Elements in Lake Biwa

Saeko Mito, Masakazu Matsui, Yoshiki Sohrin, Hiroshi Hasegawa,

and Munetsugu Kawashima

A clean technique for analysis of freshwater has been developed. Lake water was collected from the
northern basin of Lake Biwa, an oxic and monomictic lake, from 21 May 1994 to 4 December 1998.
Dissolved trace elements (Al, P, V, Cr, Mn, Fe, Ni, Zn, As, Y, W and U) were measured by high-
resolution inductively coupled plasma mass spectrometry (HR-ICP-MS). Their spatial and temporal
distributions were strongly affected by the cycle of Fe and Mn.

Keywords: dissolved trace elements /  freshwater / Lake Biwa /clean technique / HR-ICP-MS
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elements in fresh water and observed their spatial and
temporal distributions in Northern Lake. This is one of
the largest set of data collected on dissolved trace ele-
ments in an oxic lake.

The lake water samples were collected by a Niskin sam-
pling bottle or a Niskin-X sampling bottle, of which in-
ner spring and latex tubing were replaced with silicon
tubing. The interior of the samplers was precleaned with
a standard procedure, which contains cleaning with de-
tergent and 4 M HCl followed by rinsing with ultra pure
water (MQW) produced with a Milli-Q water system. Im-
mediately after sampling, lake water was transferred to a
low-density polyethylene (LDPE) bottle using a silicon
tubing and bell in order to prevent contamination with
airborne particles. The LDPE bottle was precleaned with
the standard procedure and with hot 4 M HCl, hot 0.5 M
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HNO3 and hot MQW. The samples were filtered on board
with a closed filtering system constructed in a clean box.
The closed filtering system was assembled with LDPE
bottles, PFA tubing and a PFA filter holder. PFA materi-
als were precleaned by heating in a mixture of H2SO4,
HNO3 and HClO4. The interior of the filtering system was
cleaned with hot 0.5 M HNO3 and hot MQW before use.
Polycarbonate membrane filters (0.2 �m of pore size) were
precleaned by heating in a mixture of acids (1 M HCl, 0.5
M HNO3 and 0.5 M HF) and in MQW. Using clean N2

gas pressure, the sample solution was passed through the
filter and collected in another LDPE bottle. The sample
was acidified to pH 1 with ultra pure HNO3 for preserva-
tion.

Simplifying the analytical procedure is the best way to
reduce the risk of contamination. High-resolution induc-
tively coupled plasma mass spectrometry (HR-ICP-MS)
has the highest sensitivity to analyze simultaneously multi-
elements in solution [2]. The method allows one to deter-
mine the total concentration of dissolved trace elements
in freshwater directly. Dissolved concentrations for Al, P,
V, Cr, Mn, Fe, Ni, Zn, As, Y, W and U were determined
by a calibration curve method. The accuracy of the HR-
ICP-MS measurement was ascertained for Al, V, Cr, Mn,
Fe, Ni, Zn, As and U by analysis of a certified riverine
water reference material (SLRS-3; National Research
Council, Canada). Our results corresponded to the certi-
fied values within 10%. The interference from matrices
for the 12 elements was studied by analyzing a Lake Biwa
water sample with and without spiked elements. The re-
covery was quantitative for all the elements (93-104% ).

In order to estimate a blank value throughout the pro-
cedure, MQW was filtrated and acidified on board the
ship. The blank represented as the field blank and the
detection limit throughout the procedure defined as three
times the standard deviation of the field blank are listed
in Table 1. The field blank values for Cr, Mn, Fe, Ni and
Zn are on the same order of magnitude as with that ob-
tained in the Great Lakes using a portable clean labora-
tory [1]. The field blank and detection limit values are
low enough to allow determination of the 12 elements in
the lake water.

The concentration ranges of the trace elements at N1,
off Ohmi-maiko (75 m of water depth), are shown in Table
1. The medians of Mn, Fe, Ni, Zn and U found in this
study are lower than the minimum concentrations reported
previously (7.5, 18, 4.8, 11 and 0.084 nM, respectively
[3]). The difference between our data and the previous
data may originate from a difference in size fractionation.
The previous workers used a filter of 0.4-0.45 �m of pore

size. Another possibility is that the data of the previous
workers may have been influenced by contamination.

The feathers of distribution of the dissolved trace ele-
ments are following. The residence time of Al, Fe and
Mn was the shortest (0.03-0.12 yr) and the particulate/
dissolved ratio was as high as 26-45. While the dissolved
concentrations of Al, Fe, Mn and Y were uniformly low
throughout the water column at N1, maximums occurred
occasionally at the surface, thermocline and bottom. These
maximums were caused by precipitation, resuspension of
sediments and reductive dissolution of Fe and Mn oxides
in the anoxic sediments. The concentrations of Cr, Ni and
Zn were almost uniform throughout the water column but
increases at the surface were sometimes observed. These
distributions suggest that the effects of strong scaveng-
ing by Fe and Mn oxides prevail over the effects of the
biogeochemical cycle and that atmospheric flux is sig-
nificant for these metals. The concentrations of As and P
increased with depth during the stagnation period. Their
distribution was controlled by the biological cycle and
scavenging of Fe and Mn oxides. The oxyacid species,
such as V, W and U, accumulated in the epilimnion and
were removed from the bottom during the stagnation pe-
riod. This behavior may be attributed to the pH depen-
dent interaction of these elements with Fe and Mn ox-
ides.
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Scope of research
By using vaccum deposition method, artificial multilayers have been prepared by combining various metallic elements. The
recent major subject is an interplay of magnetism and electric transport phenomena such as the giant magnetoresistance
effect. Fundamental magnetic properties of metallic multilayers have been studied by various techniques including
Mössbauer spectroscopy using Fe-57, Sn-119, Eu-151 and Au-197 as microprobes, and neutron diffration. Microstructured
films such as wires and dots were successfully prepared  by electron-beam lithography and novel magnetic and transport
properties  are investigated.
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Magnetic Vortex Core Observation in Circular Dots of

Permalloy

Takuya Okuno, Ralf Hassdorf, Kunji Shigeto, Teruo Ono and Teruya Shinjo

SOLID STATE CHEMISTRY  — Artificial Lattice Alloys —

Ferromagnetic materials generally form domain
structures to reduce their magnetostatic energy. In very
small ferromagnetic systems, however, the formation of
domain walls is not energetically favored. Specifically,
in a dot of ferromagnetic material of micrometer or
submicrometer size, a curling spin configuration (that is,
a magnetization vortex ) has been proposed to occur in
place of domains. When the dot thickness becomes
much smaller than the dot diameter, usually all spins
tend to align in-plane. In the curling configuration, the
spin directions change gradually in-plane so as not to
lose too much exchange energy, but to cancel the total
dipole energy. In the vicinity of the dot center, the angle
between adjacent spins then becomes increasingly larger
when the spin directions remain confined in-plane.
Therefore, at the core of the vortex structure, the magne-
tization within a small spot will turn out-of-plane and
parallel to the plane normal. Although the concept of

Spin structures of nanoscale magnetic dots are the subject of increasing scientific effort, as the
confinement of spins imposed by the geometrical restrictions makes these structures comparable to
some internal characteristic length scales of the magnet. For a vortex (a ferromagnetic dot with a
curling magnetic structure), a spot of perpendicular magnetization has been theoretically predicted to
exist at the center of the vortex. Experimental evidence for this magnetization spot is provided by
magnetic force microscopy imaging of circular dots of permalloy (Ni80Fe20) 0.3 to 1 micrometer in
diameter and 50 nanometers thick.

such a magnetic vortex with a turned-up magnetization
core has been introduced in many textbooks [1], direct
experimental evidence for this phenomenon has been
lacking. That is because, as suggested by theoretical cal-
culations, the size of the perpendicular magnetization
spot at the vortex core should be fairly small. So, it is
impossible to distinguish a fraction of perpendicular
magnetization from the surrounding vortex magnetic
structure with conventional magnetization measure-
ments.

We have reported magnetic force microscopy (MFM)
measurements on circular dots of permalloy (Ni80Fe20)
and given clear evidence for the existence of a vortex
spin structure with perpendicular magnetization core [2].
In MFM, a low-moment ferromagnetic tip of CoCr was
used to minimize the effect of stray fields. Sample scans
were taken in air at ambient temperature. An MFM im-
age of an array of 3 � 3 dots of permalloy 1 �m in diam-

Keyword: Magnetic vortex / MFM / Submicron magnetic dot / Turned-up magnetization core
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eter and 50 nm thick is shown in Fig. 1. For a thin film of
permalloy, the magnetic easy axis typically has an in-
plane orientation. If a permalloy dot has a single domain
structure or shows a domain pattern, in MFM a pair of
magnetic poles reflected by a dark and white contrast
should be observed in either case. In fact, the image
shows a clearly contrasted spot at the center of each dot.
It is suggested that each dot has a curling magnetic struc-
ture and the spots observed at the center of the dots corre-
spond to the area where the magnetization is aligned par-
allel to the plane normal. However, the direction of the
magnetization at the center seems to turn randomly, ei-
ther up or down, as reflected by the different contrast of
the center spots. This seems to be reasonable, as up- and
down-magnetizations are energetically equivalent with-
out an externally applied field. The image shows simul-
taneously that the dot structures are of high quality and
that the anisotropy effective in each dot is neg1igibly
small, which is a necessary condition to realize a curling
magnetic structure. (The spots in Fig. 1 around the cir-
cumference of each dot are artifacts caused by the sur-
face roughness, mainly resulting from unremoved frac-
tions of the resist layer.)

MFM scans were also taken for an ensemble of
perma11oy 50nm thick dots with varying diameters,
nominally from 0.1 to 1 �m (Fig.2). These images were
taken after applying an external field of 1.5 T along an
in-plane direction (Fig.2A) and parallel to the plane nor-
mal (Fig.2B).  Again, the two types of vortex core with
up- and down-magnetization are observed for dots larger
than 0.3 �m in diameter (Fig.2A). In contrast, after ap-
plying an external field parallel to the plane normal, all
center spots exhibit the same contrast (Fig. 2B), indicat-
ing that all the vortex core magnetizations have been ori-
ented into the field direction.

From the above results, there is no doubt that the con-
trast spots observed at the center of each permalloy dot

Figure 1. MFM image of an array of permalloy dots 1 �m in
diameter and 50nm thick.

Figure 2. MFM image of an ensemble of 50-nm-thick permally
dots with diameters varying from 0.1 to 1 �m after applying an
external field of 1.5 T along an in-plane direction (A) and paral-
lel to the normal(B).

A

B

correspond to the turned-up magnetization of a vortex
core. To resolve a vortex core by MFM, it is necessary to
pin the position of the core so that it is not affected by a
stray field from the tip. In the experiments reported
above, the vortex cores apparently have been so stable
that a clear contrast appears in the MFM imaging pro-
cess. Magnetic vortices are novel nanoscale magnetic
systems, and it will be of great importance in the near
future to study the dynamical behavior of turned-off
magnetizations.
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SOLID STATE CHEMISTRY  — Quantum Spin Fluids —

Scope of research
Quantum spin  oxide system such as high-Tc superconducting cuprates, La2-xSrxCuO4 and Nd2-xCexCuO4 are synthesized in the
form of single crystals using traveling-solvent-floating-zone method. Detailed equilibrium phase diagram of Bi cuprate sys-
tems is investigated. Main subjects and techniques are: mechanism of high-Tc superconductivity: origin of quantum phase
separation in strongly correlated electron systems: spin excitations in quantum spin systems: interplay between spin and
charge flow in doped spin system: neutron scattering by using triple-axis as well as time-of flight techniques.
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It is now well known that in Bi2+xSr2-xCuO6+�  (Bi-2201) two
distinct phases appear depending on the details of preparation
process. One phase has the so-called sheared structure (S-2201),
an insulator with a monoclinic symmetry, a ~ 2.45nm, b ~
0.54nm, c ~ 2.2nm,���~ 106º and the other is the so-called layered
one (L-2201), a superconductor with a tetragonal a ~ 0.54nm,c
~ 2.45nm. However, the monophasic compositional region and
the phase stability of both phases are one of the controversial
issues due to the sensitivity of both phases to the heating
temperature and the reaction process in addition to the difficulty
in phase identification. In the present work, we firstly determined
the location of both phases in the phase diagram of Bi-Sr-Cu-O
system which will provides us invaluable information on the
stable synthesis of both phases.

The solid-solution of S-2201, Bi43-ySr40+yCu17Oz (0� y�3), is
newly found to exist in the BiO1.5-SrO-CuO system at 830~860
ºC in air. In contrast, the solubility range of the S-2201 is found
to extend toward the Cu-deficient region (Bi2+xSr2-xCuO6+� 0�
x�0.1) by the heat treatment under Ar flow as shown in the
figure. More interestingly, series of the S-2201 structure changes
completely to the L-2201 upon annealing at 600ºC for 48h under
high oxygen pressure (120atm) due to the change in the oxygen
stoichiometry. The oxygen contents for cation stoichiometric
Bi2Sr2CuO

�
 is also determined to be �=6 for the S-2201 and

(I) Crystal Transformation between Sheared and

Layered Phases in Bi-2201
Y. Ikeda and T.Niinae

A detail study on the equilibrium phase diagram around Bi2Sr2CuO
�
 in the Bi-Sr-Cu-O system newly

found a crystal transformation between the sheared and layered phases in Bi-2201 by changing the
oxygen stoichiometry.  The transformation occurs in the finite composition area surrounded by Bi43-

ySr40+yCu17Oz (0� y� 3) and Bi2+xSr2-xCuO6+� (0 �x� 0.1). The phase stability sensitively depends on
the temperature as well as the oxygen partial pressure.

Keywords: equilibrium phase diagram/ bismuth cuprate/ high-Tc superconductor

�=6.2 for the L-2201. These results clearly demonstrate that the
sheared phase has no excess oxygen. In the other word, the excess
oxygen ions induce the layered structure to relaxing a mismatch
between the Bi-double layer and the perovskite block
accompanying with the incommensurable structural modulation.

This work was done in collaboration with Mie University
(Y.Takeda), Okayama University (J.Takada, Y.Kusano)
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In La2-xBaxCuO4 the high-Tc superconductivity is
strongly suppressed with x around 1/8[1]. This 1/8-prob-
lem is considered to be closely connected with the mecha-
nism of high-Tc superconductivity, particularly with the
role of magnetic order for the suppression of supercon-
ductivity. Inspite of a large number of experimental stud-
ies on the 1/8-problem,  few systematic work has been
done for the effect of crystal structure on both the mag-
netic order and superconductivity. Then we utilized neu-
tron scattering, �SR and magnetic susceptibility measure-
ments on La1.875Ba0.125-xSrxCuO4(LBSCO)  single crystals
to elucidate the effect of crystal structure on the 1/8-prob-
lem. The LBSCO  is one of the ideal system to study this
problem since one can control the crystal structure with
keeping the carrier concentration constant.

As shown in Fig. 1, we obtained a phase diagram of
LBSCO which clearly demonstrates a role of crystal struc-
ture on  the competitive relation between the supercon-
ducting transition and magnetic ordering. In the low tem-
perature tetragonal(LTT) or Pccn orthorhombic phase in
the region x<0.07, the superconductivity (magnetic or-
dering) is substantially suppressed (stabilized). While in
the low temperature orthorhombic (LTO) phase the
supeconductivity is more stable even with the 1/8-dop-
ing.

One of possible models to explain the present results
is  so-called stripe model [2]. In this model, the LTT struc-
ture is  favorable for the pinning of dynamical hole stripes.
In fact, as shown in Fig.2, we observed nonmagnetic
superlattice peaks in the LTT/Pccn phase which reflects
the stripe ordering of holes. Futher study on the spin/
charge fluctuation will reveal the detailed nature of dy-
namical stripe correlations and the relation with the su-
perconductivity.

This work was done in collaboration with I. Watanabe,
K. Nagamine (RIKEN) and M. Matsuda(JAERI) and sup-
ported by a Grant-In-Aid for Scientific Research from
Ministry of Education, Science, Culture and Sports of Ja-
pan and by the Core Research for Evolutional Science
and Technology (CREST) Project sponsored by the Ja-
pan Science and Technology Cooperation.
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Figure 2. Superlattice peak at (0,2.25,0) observed by neutron
scattering measurement. Inset shows the scan-trajectory.

Figure 1. Phase diagram of LBSCO. Circles, triangles and
squares denote the Tc, LTO-LTT(or Pccn) structural transition
temperature Td2 by neutron scattering and the onset temperature
for magnetic order Tm by��SR experiments, respectively. Tm for
x=0 is quoted from [3]. Both solid and broken lines are guides
to the eye.

(II) Effect of Crystal Structure on the Competitive Relation
between the Magnetic Order and Superconductivity in

La
1.875

Ba
0.125-x

Sr
x
CuO

4

H. Goka, M. Fujita, T. Kubo and K. Yamada

We performed neutron scattering, �SR and magnetization measurements on La1.875Ba0.125-xSrxCuO4 to
investigate an interplay among the superconductivity, magnetic/charge order and crystal structure. The
obtained phase diagram clearly demonstrates an intimate relation among these physical properties.

Keywords: 1/8-problem/crystal structure/magnetic order/stripe model/high-Tc superconductor
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Antiferromagnetism of S=1/2 triangles in La
4
Cu

3
MoO

12

Masaki Azuma, Shintaro Ishiwata and Mikio Takano

Magnetic properties of a cupric triangular cluster compound La4Cu3MoO12 were investigated.  Suscep-
tibility data show that paramagnetic cupric spin (S=1/2) above room temperature form S=1/2 trimers at
lower temperatures because of strong intra-trimer antiferromagnetic interactions.  The cluster moments
acquire antiferromagnetic order below 2.6 K.  The trimers can be polarized in an external field of 20 T
at 1.3 K.  The magnetization remains nearly constant at 1 �B per trimer up to a magnetization plateau at
55 T.

Keywords: Spin trimer/  Magnetic susceptibility/ High field magnetization/ Neutron scattering

SOLID STATE CHEMISTRY  — Multicomponent Materials —

Scope of research
Novel 3d transition-metal oxides showing exotic electrical and magnetic properties are being searched for using different
synthesizing techniques like high pressure syntesis (5 GPa and 1000ºC, typically) and epitaxial film growth. Recent topics are:

� High Tc superconductivity.
� Low-dimensional spin systems like ladders showing dramatic quantum effects.
� Oxides of late 3d transition metals like SrFeO3 with strong oxygen-hole character.
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The spin quantum number (small, large, integer, half-
integer) and the geometry of the magnetic sublattice af-
fect the ground state of quantum antiferromagnets in
various fashions.  For examples, spin singlet ground
states with finite gaps to magnetic excited states have
been found in several 1D antiferromagnetic (AF) sys-
tems such as S=1/2 alternating bond chains, S=1/2 2-leg
ladders and S=1 chains (Haldane systems).  The discov-
ery of inorganic model compounds such as CuGeO3
(spin-Peierls), (VO)2P2O7 (alternating chain) [1],
Y2BaNiO5 (Haldane), SrCu2O3 [2] and Sr14Cu24O41 (lad-
ders) in the past decade has stimulated keen interest in
such 1D systems.  Their large AF interactions (J) and the
thermal stability make it rather easy to finely tune the
electronic properties of these materials by means of
chemical doping.

In the gapped ground states of these compounds, two
neighboring S=1/2 spins form a spin singlet.  On the
other hand, AF trimer compounds are rare in nature.
La4Cu3MoO12 is a layered compound with an average
structure of the YAlO3 type [3].  The Cu3MoO4 layer of
this compound shown in Fig.  1 can be derived from a
triangular CuO layer by replacing a quarter of the Cu2+

ions with nonmagnetic Mo6+ ions.  One can consider the

Cu3MoO4 layer as being made of Cu3O triangular clus-
ters as suggested from the bond lengths : The average
Cu-O bond lengths within the triangle, 1.983Å, is much
shorter than that between neighboring triangles of
2.690Å. The Cu3MoO4 layers are separated from each
other by /O/La/O/ layers.  The structure can be described
as a quasi-2D orthorhombic lattice made of slightly dis-
torted cupric (S=1/2) trimers [4].

Figure 2 shows the temperature dependences of mag-
netic susceptibility and its inverse measured on heating
from 5 to 800 K in an external field of 1 T. The suscepti-
bility above 400 K was fitted well to the Curie-Weiss law
with �eff = 1.81 (g = 2.09) and a Weiss temperature (�) of
-558 K. On the other hand, the slope of the 1/�-T plot
below 250 K decreased to 0.39 times the high-tempera-
ture value.  The small Curie constant (C) below 250 K
indicates that each trimer has a total spin Stotal=1/2.  The
large intra-trimer AF interactions give the large Weiss
constant at high temperatures.  The inter-trimer interac-
tions seem to be weakly AF as suggested from the small
Weiss constant of -16 K derived from the low tempera-
ture data.

In the data measured in a field of 0.1 T down to 1.8 K
shown in the inset of Fig.  2, a maximum appeared at 5 K
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and a kink at 2.6 K followed.  The existence of the kink
was clearly seen as a peak in the specific heat data.  As
can be seen in Fig.  1 there is no spin frustration among
the Stotal=1/2 spins, so it is reasonable to assume that the
anomaly results from AF order of spin trimers.  The sus-
ceptibility maximum at 5 K can be attributed to short
range order in the two dimensional spin system.  The
elastic neutron scattering study confirmed the antiferro-
magnetic order with an ordered moment of 0.8 �B per
trimer.

We propose the following picture for the present com-
pound.  Above 400 K, the susceptibility could be ex-
plained assuming S=1/2 spin localized on each Cu ion.
The large AF interactions within the triangles led to a
large Weiss temperature of -558 K. With decreasing the

temperature, the Curie constant decreased to about 1/3
of the high-temperature value because only the ground
state with Stotal=1/2 per cluster was populated.  Since the
inter-triangle interactions are weak, the Weiss tempera-
ture is as small as -16 K. The Stotal=1/2 spins localized on
the trimers order antiferromagnetically at 2.6 K. If inter-
triangle interactions are weak, it should be possible to
align the ordered spins by applying magnetic field (spin
flip).  The results of the magnetization measurements at
1.3, 4.2 and 10 K are shown in Fig.  3.  At 1.3 K, the data
below 20 T were concave reflecting the AF ordering,
whereas above 20 T the magnetization tended to saturate
at 1 �B / formula unit, i.  e., 1 �B per trimer.  This con-
firms that the system orders antiferromagnetically keep-
ing the nature of the ground state with Stotal=1/2.  The full
magnetization of this system should be 3 �B / formula
unit, so the observed saturation-like behavior is actually
an intermediate plateau.  The excitation energy from Stotal
= 1/2 to Stotal = 3/2 state is 3/2 J for an equilateral triangle.
Applying J = 813 K estimated from the fitting of the sus-
ceptibility data, it is expected that another spin flip will
be observed at 1500 T.  Actually, inelastic neutron scat-
tering data showed a well defined excitation at �E=133
meV (1542 K) which can be associated with an
intratrimer doublet-quartet (Stotal=1/2 to Stotal=3/2) transi-
tion.

Reference
1. M.  Azuma, T.  Saito, Y.  Fujishiro, Z.  Hiroi, M.  Takano, F.
Izumi, T.  Kamiyama, T.  Ikeda, Y.  Narumi and K.  Kindo,
Phsy.  Rev.  B 60, 10145 (1999).
2. Z.  Hiroi, M.  Azuma, M.  Takano and Y.  Bando, J.  Solid
State Chem. 95, 230 (1991); M.  Azuma, Z.  Hiroi, M.  Takano,
K.  Ishida and Y.  Kitaoka, Phys.  Rev.  Lett. 73, 3463 (1994).
3. D.  A.  Vander Griend, S.  Boudin, V. Caignaert, K.  R.
Poeppelmerer, Y.  Wang, V.  P.  Dravid, M.  Azuma, M.
Takano, Z.  Hu and J.  D.  Jorgensen, J.  Am.  Chem.  Soc 121,
4787 (1999).
4. M. Azuma, T. Odaka, M. Takano, D. A. VanderGriend, K.
R. Poeppelmeier, Y. Narumi, K. Kindo, Y. Mizuno and S.
Maekawa, Phys. Rev. B 62, R3588 (2000).

Figure 2. Temperature dependence of magnetic susceptibility
of La4Cu3MoO12 below 800 K.  The solid lines correspond the
fit to the Curie-Weiss law.  The inset shows the data taken at 0.1
T.

Figure 3. Magnetization curve of La4Cu3MoO12 measured in
pulsed magnetic field at 1.3, 4.2 and 10 K.

Figure 1. Cu3MoO4 plane of La4Cu3MoO12.  The numbers show
the crystallographic sites.  The solid line represent the triangle
clusters.
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SOLID STATE CHEMISTRY - Amorphous Materials -

Scope of Research
  Inorganic amorphous materials with various functions are the targets of research in this laboratory.  (1) To obtain a clear view

of glass materials and the bases for designing functional glasses, we investigate the structure of glasses using X-ray and
neutron diffraction analysis, high resolution MAS-NMR, and ab initio MO calculation.  (2) To develop materials with high
optical nonlinearity, we search heavy metal oxide-based glasses and transition metal ox-
ide thin films, and evaluate the nonlinear optical properties by Z-scan methods.  (3) Pho-
tosensitivity of glasses for optical fibers and waveguides is investigated to design efficient
fiber gratings and optical nonlinear materials. (4)Using sol-gel method, synthesis and
microstructure control are carried out on various functional oxide thin films.

The structure of soda-lime-silicate(16Na2O·10CaO·74SiO2) glass and melt (~1500°C) was investigated
by X-ray diffraction method in combination with molecular dynamics(MD) calculation. The short- and
intermediate range structure of the glass was investigated as a function of temperature  by using MD
simulation. The experimental results clearly show that there is no distinct difference in structure be-
tween the present glass and melt. We also found from MD calculation that the linkage of Si-O network
made of SiO4 tetrahedra shows similarities between glass and melt. It is also found that the first sharp
diffraction peak(FSDP) associated with intermediate range structure is contributed from the correlation
between Na+(or Ca2+) and SiO4 network.

Keywords : Silicate Glass / Melt/ Structure / X-ray diffraction / Molecular Dynamics Calculation

As well known, many commercial glasses are produced
through melting process. Although enormous efforts have
been made to investigate their physical and chemical prop-
erties in a melting state, such as viscosity, density and
redox reaction etc., there are few works on the structure
of oxide melts. On the other hand, MD calculation is re-
garded as one of the most powerful techniques to get in-
sight into materials1.  By a combination of high tempera-
ture X-ray radial distribution function(RDF) analysis and
MD calculation, it is expected that we can get not only
information about the average structure of specific ele-
ments but also structural parameters of short and medium
range orders in glasses and melts.

In the present study, the technologically important
soda-lime-silicate glass is chosen to investigate the local
structure of glass and melts. The difference in structure
between glass and melt is discussed with the result of

MD calculation in order to explain the temperature de-
pendence of macroscopic properties.

Figure 1 shows the interference functions of glass and
melt obtained from X-ray diffraction together with the
MD-derived ones. It is seen that the interference func-
tions from MD calculation are in fairly well agreement
with the experimental ones indicating that the MD simu-
lation reproduces the characteristics of the real structures.
It is also seen from Figure 1 that there are two peaks in
the low-Q region at 15 and 21nm-1 which are hereafter
referred to Q1 and Q2, respectively. It is clear that the Q1
peak disappears at high temperature, while the Q2 becomes
more pronounced in a melting state. Our MD calculation
also reproduced this result.  By comparison between the
total Qi(Q) and pair Qi(Q)ij, it is obvious that the peaks at
~15nm-1 and ~21nm-1 are assigned to Si-O(Si-Si) and
Na(Ca)-Si correlations, respectively(see Figure 2).
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Namely, the former corresponds to network and the latter
to correlations between cation and network of glass. The
previous result from MD calculation of pure SiO2 also
shows the FSDP at ~15nm-1 which is a contribution of Si-
Si, Si-O and O-O pairs2, 3. In our MD calculation, the peak
at ~21nm-1 is shifted to low Q side on increasing tem-
perature. It indicates the expansion of Na(Ca)-Si correla-

tion due to thermal motion. Now we can draw a picture
that the distance between the modifier cations and the
network former in glass tends to expand with increasing
temperature.

 It is surprising that almost no change of Si-O and Si-
Si atomic distances was observed between the RDF curves
of glass and melt. However, we have observed that the
atomic distances of Na-Ca and Ca-Ca were increased by
0.031nm and 0.019nm, respectively, with increasing
temperature(see Figure 3). This value is longer than ex-
pansion of Si-O at 1000K(0.002nm)4. The distinct change
of distribution of Na-O and Ca-O correlations that are
difficult to be distinguished in experimental G(r)with in-
creasing temperature was also observed.  This allows us
to suggest that the temperature dependence of density can-
not be simply explained by the change of local structure
of network former and instead the thermal motion of Na+

and Ca2+ ions mainly contributes to the expansion of glass
at high temperatures.

In the present study, we have investigated the struc-
ture of soda-lime-silicate(16Na2O·10CaO·74SiO2) glass
and melt (~1500°C) by X-ray diffraction method in com-
bination with MD calculation. The experimental results
clearly show that there is no distinct difference in struc-
ture between the present glass and melt, which was also
supported by MD calculation. The decrease in density
with increasing temperature is due to expansion of atomic
distance between Na+ and Ca2+(Na+). It is concluded that
the increase of correlation length between cations and net-
work with increasing temperature is also responsible for
the decrease of density.
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Figure 2. MD results for partial and total interference function
of  16Na2O•10CaO•74SiO2 glass and melt.

Figure 3.  Pair distribution functions of 16Na2O·10CaO·74SiO2

glass and melt derived from MD calculation.

Figure 1. The interference fuctions of 16Na2O•10CaO•74SiO2
glass  and  melt.
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The soft polycarbonate resins, SPC, were newly developed as a substitute for soft poly(vinyl chloride).
The soft polycarbonates are multiblock copolymers composed of  bisphenol A polycarbonate, PC, and
polydimethylsiloxane, PDMS.  SPC resins are clear, transparent, and tough.  Viscoelasticity and mor-
phology of the resins were investigated to control physical properties of the resin.   Electron microscope
and small angle X-ray scattering experiments revealed that the SPC formed microdomain structures.
Rheological measurements were used to discuss continuity of PC-rich phase domain, which determined
the modulus around the room temperature.

Keywords : Substitute for  Poly(vinyl chloride), Polycarbonate, Polydimenthylsiloxane, Viscoelasticity,
Strain-Induced Birefringence

Viscoelasticity and Morphology of Soft Polycarbonate

as a Substitute for Poly(vinyl chloride)

Tadashi Inoue, Hiroshi Watanabe and Kunihiro Osaki

FUNDAMENTAL MATERIAL PROPERTIES  — Molecular Rheology —

Scope of research
The molecular origin of various rheological properties of materials is studied.  Depending on time and temperature,
homogeneous polymeric materials exhibit typical features of glass, rubber, and viscous fluids while heterogeneous polymeric
systems exhibit plasticity in addition to these features.  For a basic understanding of the features, the molecular motion and
structures of various scales are studied for polymeric systems in deformed state.  Measurements are performed of rheological
properties with various rheometers, of isochronal molecular orientation with flow birefringence, and of autocorrelation of
the orientation with dynamic dielectric spectroscopy.
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Poly(vinyl chloride), PVC, is one of conventional
polymeric materials in modern industry.  Large amount
of PVC is produced to consume chlorine produced in so-
dium hydrate synthesis process.  Its mechanical proper-
ties are easily controlled by addition of plasticizers, and
therefore PVC is used in many fields; lapping films,
sheets for agriculture, building materials like pipes, and
so on.  However, recently there are some doubts about its
safety.  Dioxins may be produced by combustion, and
additives like octyl phthalate are now known as environ-
mental hormones.

Several approaches to develope substitutes for PVC
are in progress.  Among these approaches, a reasonable
one is to capture properties of plasticized PVC by combi-

nation of rubbery and glassy polymers in microscopic
level.  In order to obtain a transparent material, it should
be homogeneous in macroscopic scales unless an
isorefractive polymer pair is selected.  Obviously, in
such an approach, properties of the obtained material
would be strongly correlated with the starting polymers,
and therefore selection of polymer pair is very important
to obtain high performance substitute.

Soft polycarbonate resins, SPC, being multiblock co-
polymers composed of bisphenol A polycarbonate, PC,
and polydimethylsiloxane, PDMS, are recently devel-
oped by Idemitsu Kohsan corporation.  Neat PC is a very
tough engineering plastic and PDMS is an excellent elas-
tomer being chemically and thermally stable.  Synthe-
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sized SPC mimics plasticized PVC;  clear, transparent,
and tough.  Thus, SPC is anticipated to be a good candi-
date for the substitute.  In order to control physical prop-
erties and processablility, SPC has been under investiga-
tion for a few years in our lab[1].

SPC is synthesized from copolymerization of end
phenol-modified poly(dimethyl siloxane), PDMSOH,
and bisphenol A.  Molecular structure of SPC is shown in
Figure 1.  Controlling parameters for physical properties
of SPC are; content of PDMS(wPDMS),  molecular weight
of PDMSOH(MPDMS),  and total molecular weight(M).
As shown later, SPC has microdomain structures.  MPDMS

affects the miscibility of two microdomains.  The re-
ported results were mostly taken with SPC having MPDMS

= 1980.    Depending on wPDMS, rubber-like (sample
A,wPDMS =0.387) and glass-like (sample A,wPDMS =0.552)
specimens were obtained.

Figure 2 shows examples of electron microgram of
rubber-like (soft) and glass-like (hard) SPC.  In both
cases, similar microdomain structures were observed.
For the lower PDMS content polymer(A), lamellar like
structure is partially observed.  Small angle x-ray scatter-
ing experiments, indicating relatively narrow Bragg's
peak, also support existence of the microdomain struc-
ture.

Details of the microdomain structures were examined
through dynamic mechanical measurements using oscil-
latory deformation. The strain-induced birefringence
was also examined to detect structural changes (chain
orientation).   Figure 3 shows temperature dependence of
the complex modulus for the two samples.  There are two
glass transition temperatures(100

o
C, -100

o
C(not shown

in Figure 3)), which indicates the system has a phase-
separated structure.  The higher glass transition tempera-
ture is identified with PC and lower one with PDMS.
The two glass transition temperatures are almost con-
stant for these polymers.  Temperature dependence of
modulus around the room temperature is weak, which
means that SPC is much more thermally stable than
PVC.

The modulus between the two glass temperatures was
found to show a steep change around wPDMS ~ 0.5.  This
result suggests that the continuity of the PC-rich phase
changes around wPDMS ~ 0.5:  If PC domains are continu-
ous, glassy PC domains  are deformed affinely, and
therefore glassy behavior is observed.  On the other
hand, if the glassy PC domains are not continuous and
soft PDMS domains are mainly deformed, rubbery be-
havior is observed.  This speculation is confirmed with
dynamic birefringence measurements, which reflects
strain of PC domain.  (Negative birefringence is due to
large deformation of PDMS domains.)

Tensile properties at large deformations were also ex-
amined.  Strain-stress curve for sample A having higher
PDMS content shows rubber-like behavior;  the stress
increases monotonically with strain.  On the other hand,
sample B shows the glass-like behavior; stress yielding
is observed at few percent elongations.  These results
also can be explained with continuity of glassy PC do-
mains.  Thus, rheological measurements are sensitive to
continuity of PC domain, which is hardly discussed with
ordinary structural analysis in detail.

In conclusion, continuity of PC domains is a key fac-
tor to control mechanical properties of well phase-sepa-
rated SPC.  Effect of miscibility of the two phases will be
discussed in near future by using lower MPDMS samples.
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Figure 2.   Electron microgram of soft polycarbonates,  A and
B.  Black domains correspond to PDMS rich phase.

Figure 3.   Temperature dependence of the complex modulus,
E* = E' + iE", and the strain optical coefficient, O* = O' + iO",
for SPC.

Figure 1.   Molecular structure of  soft polycarbonate.
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FUNDAMENTAL MATERIAL PROPERTIES  — Polymer Materials Science —

Scope of research
The structure and molecular motion of polymer substances are studied using mainly scattering methods such as neutron, X-
ray and light with the intention of solving fundamentally important problems in polymer science.  The main projects are: the
mechanism of structural development in crystalline polymers from the glassy or molten state to spherulites; the dynamics in
disordered polymer materials including low-energy excitation or excess heat capacity at low temperatures, glass transition
and local segmental motions; formation process and structure of polymer gels; the structure and molecular motion of poly-
electrolyte solutions; the structure of polymer liquid crystals.
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Dynamic Heterogeneity of Amorphous Polymers below and

above Tg

Toshiji Kanaya and Keisuke Kaji

Dynamic heterogeneity has been investigated for amorphous polymers in terms of non-Gaussian param-
eter A0, which is currently believed to be a key to reveal anomalous dynamics near the glass transition.
This parameter A0 was evaluated in incoherent elastic neutron scattering measurements in a wide range
of Q (length of scattering vector).  Combining the neutron data with the positron annihilation lifetime
spectroscopy (PALS) data the spatial scale of the heterogeneous domain or the so-called cooperatively
rearranging region (CRR) has been determined.

Keywords: heterogeneity/ amorphous polymers/ neutron scattering/ non-Gaussian parameter/ positron
annihilation lifetime spectroscopy/ cooperatively rearranging region

The glass transition is one of the most important phe-
nomena in condensed matter sciences, especially poly-
mer materials science because polymer materials neces-
sarily include amorphous regions and the properties such
as mechanical and thermal properties drastically change
at the glass transition temperature Tg. It is now elucidated
that the glass transition is not a second order phase tran-
sition but a relaxation phenomenon.  Therefore, exten-
sive dynamical studies were carried out on amorphous
materials using many kinds of techniques to reveal vari-
ous anomalous but common features of them [1].  A huge
amount of data implies that there exists the so-called co-
operatively rearranging region (CRR) in amorphous
materials near Tg where molecules or polymer segments
must move cooperatively.  The existence of CRR makes

the amorphous materials dynamically very heteroge-
neous.  It is therefore believed that the heterogeneity is a
key to solve the anomalous dynamics near Tg.

In a series of works we studied the dynamic heteroge-
neity of some amorphous polymers below and above Tg

using inelastic neutron scattering [2,3,6] and positron
annihilation lifetime spectroscopy (PALS) [4,5].  In the
neutron scattering measurements, we have evaluated the
non-Gaussian parameter which is a measure of the het-
erogeneity.  In addition, we have obtained the size of free
volume and its distribution from the PALS experiments.
Combining the neutron and PALS data, we proposed a
new strategy to evaluate the spatial scale of heterogene-
ity or CRR [5].  In this report, the main results of
polyisobutyrene (PIB) and polybutadiene (PB) with Tg =
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Figure 1. Incoherent elastic scattering intensity Iel(Q) from
PIB at various temperature, showing non-Gaussian behavior.
Inset shows normalized distribution functions of mean square
displacement �.

200 and 170 K, respectively, are summarized.
Firstly we briefly explain about non-Gaussian param-

eter A0.   Under the so-called Gaussian approximation, an
incoherent elastic neutron scattering intensity Iel(Q) can
be described by

 (1)

where � is the mean square displacement and Q is the
length of scattering vector.  If � has a Gaussian distribu-
tion gG(�) due to the dynamic heterogeneity, Iel(Q) is
given by

(2)

(3)

Here, A0 is a non-Gaussian parameter corresponding to
the width of the distribution gG(�), and hence a measure
of the heterogeneity.

The observed incoherent elastic scattering intensities
Iel(Q) are plotted versus Q2 in Fig. 1 for PIB, clearly
showing non-linear or non-Gaussian behavior.  The solid
curves in the figure are the best fits of eq. (2) with the
observed values, from which the non-Gaussian param-
eter A0 and the mean square displacement � were ex-
tracted.  It was found that the evaluated A0 increases with
decreasing temperature, suggesting PIB becomes more
heterogeneous with decreasing temperature.  The hetero-
geneity can be visualized as a normalized distribution of
the mean square displacement ���av as shown in inset of

)exp()( 2QQIel ���

)2/exp()( 4
0

22 QAQQIel �� ���

)/( 222
0 ��� ��A

Fig. 1.
The behaviors of the mean square displacement are

suggestive as well.  Below Tg, � is proportional to tem-
perature T, meaning that the motion observed here is ap-
proximately harmonic vibration, but above about Tg, it
shows an excess value ��, supporting the onset of
relaxational motions above Tg.

The studies of the non-Gaussian parameter showed
that the amorphous polymers are heterogeneous, but
gave no information about the spatial scale of the hetero-
geneous domain or CRR.  In order to evaluate the spatial
scale we performed PALS measurements on PB and ob-
tained the average size of free volume Vf as a function of
temperature.  It was found that the relation of the free
volume and the viscosity can be well described by the
free volume theory above Tg, meaning that the free vol-
ume observed here is related to the structural relaxation.
In addition, this relaxational motion must be a cause of
the excess mean square displacement �� observed above
Tg because the temperature dependence of �� can be also
well described by the free volume theory [4].  In the pre-
vious paper [5], we have derived a new formula to relate
the free volume Vf to the excess mean square displace-
ment �� using the size (radius) � of CRR as a parameter
and evaluated ��as a function of temperature.  It was
found that the value � increases with decreasing tem-
perature to reach 13 Å at Tg for PB, which is in good
agreement with reported values [5].  It should be noted
that � does not diverge at the Vogel-Fulcher temperature
T0 in contradiction to the fluctuation theory.  This finding
suggests that CRR is frozen in near Tg and the heteroge-
neity is sustained below Tg, leading to a new idea that the
frozen heterogeneity is an origin of the famous Boson
peak (localized mode) [5].
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Scope of Research
The research activities in this subdivision cover structural studies and molecular motion analyses of polymers and related low
molecular weight compounds in the crystalline, glassy, liquid crystalline, solution, and frozen solution states by high-resolution
solid-state NMR, dynamic light scattering, electron microscopy, X-ray diffractometry, and so on, in order to obtain basic
theories for the development of high-performance polymer materials. The processes of biosynthesis, crystallization, and higher-
ordered structure formation are also studied for bacterial cellulose.

Poly(2-hydroxypropyl ether of bisphenol-A), known
as phenoxy resin (PHR), is an amorphous linear polymer
and the structure and dynamics have been studied by X-
ray diffraction [1], mechanical relaxation [2], and solid-
state NMR [3].  Although three relaxations are observed
between –100 and –40 ºC, between 20 and 40 ºC, and
between 70 and 100 ºC on mechanical relaxation experi-
ments, the molecular origins have not been well under-
stood.  In this article, we investigate the dynamics of PHR
by analyzing one- and two-dimensional CP/MAS 13C
NMR spectra.

PHR films (Union Carbide, grade PKHJ) were prepared
by being hot-pressed at 160 ºC under 100 kg cm-2,
quenched in ice-water, and dried at room temperature
under vacuum for three days.  Solid-state 13C NMR mea-
surements were conducted on a Chemagnetics CMX-400
spectrometer operating under a static magnetic field of
9.4 T.  The glass transition temperature (Tg) determined

The dynamics of amorphous poly(2-hydroxypropyl ether of bisphenol-A) (PHR), quenched from the
melt, has been investigated by one- and two-dimensional solid-state 13C NMR spectroscopy.  CP/MAS
13C NMR spectra from –150 to 180 ºC give two specific features: (1) below 23 ºC, resonance lines for C-
H carbons of phenylene rings split into two lines; (2) linewidths of resonance lines become broad at 20
- 50 ºC above the glass transition temperature.  The feature (1) indicates that phenylene C-H carbons
exist in chemically different two sites at low temperatures.  These two sites are probably associated with
OH … 

� hydrogen bond formation.  The coalescence of the resonance lines at elevated temperatures is
caused by �  flip motion of phenylene rings, which corresponds to the � relaxation for PHR.  The
correlation time of the � flip motion is analyzed by the two-site exchange model, and is found to follow
the Arrhenius equation.  The apparent activation energy is 51 kJ mol-1 by assuming an inhomogeneous
correlation time distribution described by a Kohlrausch-Williams-Watts (KWW) function with an expo-
nent of 0.2.  The feature (2) is caused by the so-called motional broadening, which is originated by
enhanced segmental motions.  This dynamics corresponds to the � relaxation for PHR and can be
described by William-Landel-Ferry (WLF) equation.  Two-dimensional CP/MAS 13C exchange NMR
experiments confirm the existence of flip angle distribution as well as the distribution of correlation
times of phenylene ring � flip motion with a KWW exponent of 0.2.

Keywords : Phenoxy resin / Amorphous polymer / Dynamics / Relaxation / CPMAS 13C NMR

by DSC measurements was 80 ºC.  No other obvious exo-
thermic and endothermic peaks were observed between –
100 and 200 ºC.

Figure 1 shows CP/MAS 13C NMR spectra of PHR
ranging from –150 to 180 ºC.  We can find two interest-
ing features.  One feature is that the resonance lines for
C-H carbons of phenylene rings split into two resonance
lines at -150 ºC.  This indicates that the phenylene C-H
carbons exist in chemically different two sites at low tem-
peratures, which would be caused by an OH … 

� hydro-
gen bond [4] between the hydroxyl group and the phe-
nylene ring.  The coalescence of the resonance lines with
increasing temperature is originated from phenylene ring
�-flip motion.  The correlation time of the �-flip motion,
whose temperature range corresponds to the mechanical
� relaxation, is determined by using the two-site exchange
model [5].   For the analysis, the correlation time distri-
bution with a Kohlrausch-Williams-Watts (KWW) func-
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tion with an exponent of � = 0.2 as well as the flip angle
distribution, quantified from the following 2D MAS ex-
change experiments, are applied.  The result, shown by
closed squares in Figure 2, indicates that the Arrhenius
relation holds with the apparent activation energy, Ea, of
51 kJ mol-1.  This value agrees with the previously re-
ported Ea for the ��flip motion of phenylene groups for
several polymers with bisphenol-A residues, 48 - 56 kJ
mol-1 [3,6,7].  In contrast, the value of � = 0.2 is not con-
sistent with that of � = 0.6 for 2H NMR lineshape analy-
ses of �-flip motion in PHR [3].  However, the value of �
= 0.2 seems to be reasonable because mechanical relax-
ations and NMR line shape analyses of �-flip motion in
cured epoxy resins give � = 0.28 [8], and CSA lineshape
analyses of �-flip motion in PC gives � = 0.154 [6].

Figure 3 shows 2D CP/MAS 13C exchange NMR spec-
tra for the C4 and C5 carbons of PHR at –120 ºC.  While
only the diagonal peaks are observed for the mixing time
of 10 ms, the exchange signals are clearly observed in the
mixing time of 2.0 s.  The correlation time of the �-flip
motion at –120 ºC is analyzed by the mixing time depen-
dence of the exchange signal intensities, I(tm).  The ex-
perimental data cannot be explained by calculated I(tm)
curves with � = 1 or 0.6.  In contrast, the calculated I(tm)
curve with ��= 2.0 x 102 s and�� = 0.2 agree well with the
experimental data.  It is therefore found that the 2D CP/
MAS 13C exchange NMR experiments offer us quantita-
tive information on average correlation times and the
width of the correlation time distributions for respective
13C species.

The other feature in Figure 1 is that the linewidths be-
come broad at 20 – 50 ºC above Tg.  This is caused by the
modulation of MAS and 1H dipolar decoupling efficiency
by enhanced segmental motions [9], which correspond to
the � relaxation.

The correlation times are analyzed quantitatively from
the temperature dependence of the linewidth for each reso-
nance line by assuming the William-Landel-Ferry (WLF)
equation.  The temperature dependence of correlation
times thus obtained is also plotted in Figure 2 as closed
circles.  It is found that the temperature dependence of
the correlation time can be described by WLF equation
with typical parameters.

The correlation times at 90 and 120 ºC analyzed from
2D CP/MAS 13C exchange NMR experiments are also
shown in Figure 2. The dynamics of each 13C site can be
investigated by these simple 1D and 2D solid-state NMR
experiments, which are crucial methodology for the elu-
cidation of the origin of relaxations.
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Figure 1.  CP/MAS 13C NMR spectra of PHR at different tem-
peratures.

Figure 3. 2D CP/MAS 13C exchange spectra for C4 and C5
carbons of PHR in the glassy state at –120 ºC.

Figure 2.  The Arrhenius plot for the correlation time of motion
associated with the � and � relaxations of PHR.   : motional
broadening,  : 2D exchange,  : two-site exchange with
KWW � = 0.2
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Mechanism and Kinetics of RAFT-Based Living Radical
Polymerizations of Styrene and Methyl Methacrylate

Atsushi Goto, Koichi Sato, Yoshinobu Tsujii and Takeshi Fukuda

The bulk polymerizations of styrene and methyl methacrylate in the presence of model polymer-
dithiocarbonate adducts as mediators and benzoyl peroxide (BPO) as a conventional initiator were
kinetically studied.  The polymerization rate, hence the concentration of polymer radical P�, was pro-
portional to [BPO]1/2.  The pseudo-first-order activation rate constants kact were determined by the
GPC peak-resolution method.  The results showed that kact is directly proportional to [P�], indicating
that reversible addition-fragmentation chain transfer (RAFT) is the only important mechanism of acti-
vation.  The magnitude of the exchange rate constant kex (= kact/[P�]) was strongly dependent on both the
structures of the dithiocarbonate group and the polymer.  The kex values for the three RAFT systems
examined in this work were all very large, explaining why these systems can provide low-polydispersity
polymers from an early stage of polymerization.

Keywords: RAFT / Reversible activation / Activation rate constant / Living radical polymerization

ORGANIC MATERIALS CHEMISTRY  — Polymeric Materials —

Scope of research
Kinetic and mechanistic analyses are made for better understandings and systematization of the chemical and physico-
chemical reactions occurring in polymerization systems and for the development of better routes to the synthesis of well-
defined polymers. By the application of various polymerization techniques, in particular, living polymerizations, new well-
defined polymers or polymer assemblies are prepared, and their structure/properties relationships are precisely analyzed
for new polymer-based materials of practical importance.  Projects in progress include: (1) kinetics and mechanisms of
living radical polymerization. (2) Synthesis of new polymeric materials by living polymerizations and polymer reactions and
their structure/properties studies. (3) Synthesis, properties, and applications of high-density polymer brushes.
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   There has recently been a surge of interest in living
radical polymerization (LRP) techniques as new and fac-
ile synthetic routes to well-defined, low-polydispersity
polymers.  Mechanistically, these techniques are based
on the common concept of alternating activation-deacti-
vation processes (Scheme 1a), in which a potentially ac-
tive (dormant) species P-X is reversibly activated to the
active radical P� by, e.g., thermal and chemical stimuli.
In the presence of monomer M, P� propagates until it is
deactivated by a capping agent X.  A number of activa-
tion-deactivation cycles allow all the chains to have an
almost equal opportunity to grow, resulting in low-poly-
dispersity polymers.  This means that the frequency of
such cycles, i.e., the magnitude of the activation rate con-
stant kact, fundamentally characterizes the performance of
a given LRP.
   Recently, a novel LRP using dithio compounds

(Scheme 1b: e.g., X = –SCSCH3 and –SCSPh) has been
developed.1  The mechanism of activation is supposed to
involve a reversible addition-fragmentation chain trans-
fer (RAFT: Scheme 1b) process.  The low polydispersity
polymers (Mw/Mn < 1.1, where Mw and Mn are weight-
and number-average molecular weights, respectively)
produced in this polymerization even at an early stage of
polymerization indicate that these RAFT processes are
extremely fast.  In this work, we have determined the kact
for the RAFT-based polymerizations of styrene and me-
thyl methacrylate (MMA) as a function of polymeriza-
tion rate Rp and temperature T.  In this way, we were able
to evaluate the fundamental abilities of these systems,
and also experimentally confirm the supposed activation
mechanism.
   We first examined the polymerization of styrene
including a fixed amount of polystyrene (PS)-SCSCH3
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(0.45 mM) as a probe P0-X and variable amounts of
benzoyl peroxide (BPO: 0–10 mM) as a radical initiator.
For all the examined values of [BPO]0, the mean
polymerization rate Rp/[M] (= kp[P

�], where kp is the
propagation rate constant) was found to be constant.  The
plot of (Rp/[M])2 vs [BPO]0 was almost linear, which is
relevant with the conventional (RAFT agent-free)
system.
   The kact was determined by the gel permeation
chromatographic (GPC) peak-resolution method, which
focuses on an early stage of the polymerization
containing P0-X.  When P0-X is activated, the released
P0

� will propagate until it is deactivated to give a new
adduct P1-X.  Since P0-X and P1-X are generally different
in chain length and its distribution, they may be
distinguished by GPC.  By following the change in [P0-
X], kact will be determined.  A lower [P0-X]0 leads to a
larger number of monomer units added to P0

� during an
activation-deactivation cycle.  In fact, with a sufficiently
low [P0-X]0 (0.45 mM), the GPC curves were composed
of two definite peaks such as shown in Figure 1, which
allowed accurate resolution.  Thus, we could
unequivocally follow the [P0-X] and obtain well-defined
values of kact.
   The mechanism of activation, i.e., the cleavage of the
C-S bond, is supposed to be RAFT (rate constant = kex:
Scheme 1b).  However, thermal homolysis (rate constant
= kd: Scheme 1c) might contribute as well.  When both
processes are involved, kact takes the form

  kact = kd + kex[P
�] (1)

Figure 2 shows the plot of kact against Rp/[M] (= kp[P
�]).

Evidently, the data points form a straight line passing
through the origin, showing that kd = 0 and the slope of
the curve gives Cex (= kex/kp) = 180.  This result suggests
that the main mechanism of activation in this system is
the RAFT process rather than thermal dissociation.  With
the known value of kp (340 M

-1 s-1), kex is estimated to be

Scheme 1.  (a) Reversible Activation, (b) Reversible Addition-
Fragmentation Chain Transfer (RAFT), and (c) Thermal Disso-
ciation.

61000 M-1 s-1.  The temperature dependence of Cex was
found to be given by

  Cex = 3.1 exp(+11.5 kJ mol–1/RT) (2)

   We also determined kact in the styrene/PS-SCSPh sys-
tem and the MMA/PMMA-SCSPh system.  The corre-
sponding Cex values are summarized in Table 1.  The re-
sults clearly show that Cex is strongly dependent on both
the structures of carbonate and polymer (alkyl) moiety.
In comparison with the Cex values for other exchanging
chain transfer-type LRP systems (PS-iodide2 and
PMMA-macromonomer3 systems), those for the exam-
ined RAFT systems are exceptionally large.  This ex-
plains why these RAFT systems can yield low-polydis-
persity polymers from an early stage of polymerization.

References
(1) Chiefari, J. et al. Macromolecules 1998, 31, 5559.
(2) Goto, A. et al. Macromolecules 1998, 31, 2809.
(3) Moad, C. L. et al. Macromolecules 1996, 29, 7717.

Figure 2. Plot of kact vs (Rp/[M]) (60 oC) for the styrene/PS-
SCSCH3 system.

Figure 1. Examples of GPC chromatograms in the styrene/
PS-SCSCH3(P0-X) system (60 oC): [P0-X]0 = 0.45 mM; [BPO]0
as indicated in the figure.

Table 1.  Comparison of Cex (60 oC)
P-X Cex

PS-SCSCH3 180
PS-SCSPh 6000 � 2000a

PMMA-SCSPh 140
PS-I2 4.0
PMMA-macromonomer3 0.20

       a Preliminary result at 40 oC.
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Novel �-Conjugated Systems: The First Silatropylium Ion
and Planar Cyclooctatetraene Annelated with Bicyclic

Frameworks and New Derivatives of Fullerene C60

Koichi Komatsu, Tohru Nishinaga, Yasujiro Murata, Akira Matsuura,

Yoshiteru Izukawa, and Noriyuki Kato

The first silylium ion with cyclic �-conjugation, the silatropylium ion, was prepared, which was made
possible by annelation with three bicyclo[2.2.2]octene frameworks and steric protection of the silylium-
ion center by a mesityl group.  The presence of cyclic �-conjugation through the p-orbital of silicon was
confirmed by NMR measurements.  The first planar cyclooctatetraene was synthesized by cuprate medi-
ated cyclotetramerization of 2,3-diiodobicyclo[2.1.1]hexene, and its structure determined by X-ray crys-
tallography.  On the other hand, a thermal reaction of fullerene C60 with phthalazine in solution af-
forded a C60 derivative with an eight-membered-ring opening on the surface while the reaction con-
ducted in the solid state gave a novel adduct with two C60 cages incorporated in a bicyclic framework.

Keywords: silylium ion / Hückel aromaticity / cyclooctatetraene / fullerene / rearrangement
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Scope of Research
Fundamental studies are being conducted for creation of new functional materials with novel structures and properties and
for utilization of high pressure in organic synthesis.  The major subjects are: synthetic and structural studies on novel cyclic
�-systems having �-� conjugation; synthesis of redox-active dehydroannulenes; chemical transformation of fullerene C60;
mechanochemical reactions of fullerenes.

ORGANIC MATERIALS CHEMISTRY  — High-Pressure Organic Chemistry —

1.  The First Silatropylium Ion[1] and Planar Cyclo-
octatetraene[2] Stabilized by Bicycloannelation.

The problem of generation or isolation of the silyl cat-
ion in the condensed phase has been among the central
issues of organosilicon chemistry.  So far the reports on a
silylium ion having no coordination with the solvent or
counteranion are quite limited.  Furthermore, there has
been no example on the silylium ion incorporated in cy-
clic �-conjugation.  As one of such �-conjugated silylium
ions, the silatropylium ion is of great interest, but its pres-
ence either in solution or in gas phase has been highly
questioned from the theoretical viewpoint.

In the present study, the first silatropylium ion was
made possible by applying the annelation with rigid bi-
cyclic frameworks and the protection of the silicon atom
by the sterically demanding mesityl group.

Thus the hydride abstraction from mesitylsilacyclo-
heptatriene 1 in CH2Cl2 at low temperature successfully
afforded the silatropylium ion 2, which was confirmed
by NMR measurements.  In cation 2 the 29Si NMR signal
(� 142.9) was downfield shifted from 1 by 192.2 ppm,
and so were the 13C NMR signals for the seven-mem-
bered ring carbons.  Furthermore, the down-field shift of
the 1H NMR signals of the bridgehead protons of the bi-
cyclic frameworks indicated the presence of a diamag-
netic ring current.  Thus, the silatropylium ion 2 is con-
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sidered as a new example of a positively charged aro-
matic �-conjugated system containing silicon.

Cyclooctatetraene (COT) is known as a tub-shaped
molecule.  However, annelation with a highly strained
system such as bicyclo[2.1.1]hexene (BCH) is expected
to cause planarization of the COT ring, which is of great
interest from the viewpoint of antiaromaticity and real-
ization of a novel electronic structure.

When 2,3-diiodobicyclo[2.1.1]hexene was mono-
lithiated and treated with CuI, the COT 4 annelated with
four BCH units was obtained in 21% yield together with
benzene 3 in 34% yield.  The structure of novel COT 4
was determined by X-ray crystallography: 4 has a com-
pletely planar eight-membered ring with remarkable bond
alternation (1.331 Å and 1.500 Å with the shorter bonds
exocyclic to bicycloannelation).  The planarization of the
COT ring in 4 results in elevation of a HOMO level and
reduction of HOMO-LUMO gap as shown by the long-
wavelength absorption (459 nm) and extremely low oxi-
dation potentials (E1/2(1) +0.07 V vs Fc/Fc+, Epa(2) +0.76
V).  The antiaromaticity in COT 4 is greatly reduced due
to the bond alternation and also �-� interaction.

2.  Thermal Reactions of C60 with Phthalazine.[3]

The mechanochemical solid-state reaction using a
high-speed vibration milling technique has been success-
fully utilized in our group for the organic functionalization
of fullerene C60.

In a present study, it was demonstrated that the ther-
mal reactin of C60 with phthalazine (5) takes totally dif-
ferent courses depending on the reaction phase.

A reaction of C60 with 5 in a solution phase at 255 ºC,
in 1-chloronaphthalene afforded a new compound 7 with
an eight-membered-ring opening on the C60 surface as a
single product in 57% yield.  The structure was confirmed
by 1H and 13C NMR and MS spectroscopy.  This com-
pound has 60 �-conjugated carbons with sp2 hybridiza-
tion, and its magenta-colored solution exhibits an elec-
tronic spectrum which is quite similar to that of C60 itself.

On the other hand, when the reaction was conducted
in the solid state with high-speed vibration milling for 1
h and then heated at 200 ºC for 2 h, a totally different
product 8 was formed in 41% yield, which had two C60
cages incorporated in a bicyclic framework.  The struc-
ture was confirmed by 1H and 13C NMR and MS spec-
troscopy.

These reactions are supposed to take place through a
common intermediate 6, which either undergoes the in-
tramolecular rearrangement to give 7 in solution or is sub-
jected to the [4+2] cycloaddition with C60 to give 8 in the
solid state where no solvent molecules intervene.

In the dimeric compound 8 the two C60 cages are rig-
idly held at such close ploximity with the distance of two
six-membered rings of around 3.0 Å.  Reflecting this, 8
readily underwent an intramolecular [2+2] cycloaddition
in solution under irradiation of the visible light to give
the dimer 9.

References
1.  Nishinaga T, Izukawa Y, Komatsu K, J. Am. Chem. Soc.,

122, 9312 (2000).
1.  Matsuura A, Komatsu K, J. Am. Chem. Soc., 123, 1768 (2001).
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Scope of research
(1) Synthesis, structural studies, and synthetic applications of organosilicon compounds, such as pentacoordinate silicon com-
pounds, functionalized silyl anions, and functionalized oligosilanes.  (2) Design and synthesis of novel �-conjugated polymers
containing silacyclopentadiene (silole) rings, based on new cyclization reactions and carbon-carbon bond formations medi-
ated by the main group and transition metals.  (3) Chiral transformations and asymmetric synthesis via organosulfur and
selenium compounds, especially via chiral episulfoniun and episelenonium ions.

Stereoselective Formation of Cyclopropylsilane
through Intramolecular Rearrangement of

[(Allyloxy)dimesitylsilyl]lithiums
Atsushi Kawachi, Hirofumi Maeda and Kohei Tamao

SYNTHETIC ORGANIC CHEMISTRY  — Synthetic Design —
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Previously we demonstrated the [2,3]-sila-Wittig rear-
rangement [1], the silicon analogs to the [2,3]-Wittig re-
arrangement: the [(tert-allyloxy)diphenylsilyl]lithiums [2]
generated from the [(tert-allyloxy)diphenysilyl]stannane
and n-BuLi underwent the [2,3]-rearrangement to afford
the lithium allylsilanolates.  During the course of this
study, we have found that when a phenyl group is attached
to the terminus of the olefin, the reaction mode of the
rearrangement changes in such a way that a cyclopropyl-
silane is formed in a stereoselective manner, in contrast
to the [2,3]-sila-Wittig rearrangement observed for sub-
strates having alkyl group(s) on the olefin part [2].

(E)-[(sec-allyloxy)dimesitylsilyl]stannane (E)-1 hav-
ing a phenyl group on the olefin was treated with n-BuLi
(1.2 mol amt.) in THF at 0 ºC for 3 h, as shown in Scheme
1.  The reaction was then quenched with a 5% aqueous
solution of NH4Cl to afford the cyclopropylsilane 2 in
68% yield as a single diastereomer.  It was found that (Z)-
1 afforded the same diastereomer 2 in 79% yield.  The
relative configuration of 2 was determined by the X-ray

diffraction analysis of the single crystals [4], as shown in
Figure 1.  Both the phenyl group and the methyl group
are trans to the silyl group.  This product is thus desig-
nated as (r-Si-trans, trans)-2.

The formation of the cyclopropylsilane can be ratio-
nalized as shown in Scheme 1.  The silyllithium 3 gener-
ated in situ undergoes intramolecular addition to the ole-
fin on the �-carbon (C(�)) in the initial step.  The result-

A [(sec-allyloxy)dimesitylsilyl]stannane having a phenyl group on the olefin part reacts with n-BuLi in
THF to give a cyclopropylsilane as a single diastereomer, in contrast to the [2,3]-sila-Wittig rearrange-
ment affording an allylsilane, previously observed for a substrate having an alkyl group on the olefin
part.  The substituent effect is revealed by ab initio calculations in terms of the regioselectivity in the
reaction of silyllithiums with an olefin.

keywords:  silyllithiums / sila-Wittig rearrangement / cyclopropanation reaction / cyclopropylsilane
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ing 1-oxa-2-sila-cyclobutane 4 is so reactive due to the
ring strain that it readily suffers a nucleophilic substitu-
tion on the �-carbon (C(�)) by the benzyllithium moiety,
resulting in the ring cleavage of the oxasilacyclobutane
and the formation of the cyclopropane ring during the
second step.

mum of the molecular orbital coefficient in the LUMO
on C(�) and thus accepts the nucleophilic attack at this
position, resulting in the sila-Wittig rearrangement.  In
contrast, the phenyl-substituted compound 6 exhibits the
maximum of the molecular orbital coefficient in the
LUMO on C(�) and thus accepts the nucleophilic attack
on C(�), resulting in the cyclopropylsilane formation.

The stereoselective formation of (r-Si-trans, trans)-2
was followed as shown in Scheme 2, which includes the
Newmann projections of 3 and 4 along the C(�)-C(�) bond
axis.  The silyllithium (E)-3, coming from (E)-1,  favors
the conformer (E)-3a to avoid the steric repulsion between
the phenyl group and the mesityl group(s).  The syn addi-
tion of (E)-3a to the olefin gives 4a.  The cyclization in
4a with inversion of configuration at the lithiated ben-
zylic carbon provides (r-Si-trans,trans)-2.  Alternatively,
4a may undergo epimerization at the lithiated carbon to
give another epimer 4b.  The cyclization in 4b with re-
tention of configuration at the lithiated benzylic carbon
also provides (r-Si-trans,trans)-2.  In a similar manner,
the conformer (Z)-3a, coming from (Z)-1, also provides
the same (r-Si-trans,trans)-2 as a single diastereomer via
the common intermediates 4a and/or 4b.  We cannot de-
termine the reaction stereochemistry, inversion or reten-
tion, because the stereochemical courses of the
benzyllithium derivatives are sensitive to several factors
such as the nature of the leaving group.

The observed regioselectivity of the reaction of the
silyllithium to the olefin was rationalized by ab initio
molecular orbital calculations (MP2/6-31G**//HF/3-21G)
of the model compounds 5 and 6, as shown in Figure 2
[5].  The alkyl-substituted compound 5 exhibits the maxi-

In summary we have demonstrated the stereoselective
formation of the cyclopropylsilane based on the intramo-
lecular rearrangement of the [(allyloxy)silyl]lithiums.
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cm3; T = 173 K; 2�max = 55.1º.  The structure analysis is
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Scope of Research
The research interests of the laboratory include the development of new synthetic methodology, molecular recognition, and

total synthesis of natural products.  Programs are active in the areas of use of chiral leaving groups for an asymmetric
induction, asymmetric alkylation of carbonyl compounds based on “memory of chirality’’, development of new type of
chiral nucleophilic catalysts, utilization of 8,8’-disubstituted 1,1’-binaphthyls as a chiral controller, visualization of molecu-
lar length by functionalized phenolphthalein, use of homooxacalixarene for molecular recognition, syntheses of molecular
switch.

A Chiral Nonracemic Enolate with Dynamic Axial Chirality:

Direct Asymmetric Alkylation of �-Amino Acid Derivatives
Takeo Kawabata, Hideo Suzuki, Yoshikazu Nagae, Jianyong Chen and Kaoru Fuji

   The structure of enolate was long believed to be achiral
because all four substituents are on the same plane as the
enolate double bond.  For example, enolates generated
from �-amino acid derivatives are seemingly achiral when
substituents R1 - R4 are achiral (A).  However, we pro-
pose that some enolate structures are intrinsically chiral.
As shown in B, an enolate with axial chirality along the
C(1)-N axis is expected if R3 is different from R4.  An
enolate with a chiral nitrogen is shown in C, where tight
coordination of nitrogen to a metal cation creates a
stereogenic nitrogen atom.  Racemization of these chiral
enolates takes place so readily through simple C(1)-N
bond rotation that the chirality is not static, but dynamic.
These enolates can exist in chiral nonracemic forms for a
limited time at low temperatures.  We describe here ex-
perimental evidence for a chiral nonracemic enolate with
dynamic axial chirality, as exemplified in B.  Through
the intrinsically chiral enolate intermediate, asymmetric
�-methylation of various �-amino acid derivatives can
occur in highly enantioselective manner.

   We anticipated that the choice of R3 and R4 in B or C
would have the key role for the asymmetric induction, so
we screened the substituents at the nitrogen atom of phe-
nylalanine.  We found that substrates possessing t-
butoxycarbonyl (Boc) and methoxymethyl (MOM)
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The structure of enolate was long believed to be achiral.  However, a chiral nonracemic enolate with a
racemization barrier of 16 kcal/mol at -78 ºC was found to be the crucial intermediate  for the asymmet-
ric �-methylation of  1 to give 2 in 81% ee and 96% yield.  The asymmetric �-methylation occurs in
other amino acid derivatives (Val, Leu, Trp, His, Tyr, Dopa) in 78-93% ee.

Key words: chiral enolate / dynamic chirality / asymmetric synthesis / amino acid / axial chirality
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groups at the nitrogen gave satisfactory results.  Treat-
ment of phenylalanine derivative 1 with potassium
hexamethyldisilazide (KHMDS) in toluene-THF (4:1) at
�78 ºC for 30 min followed by methyl iodide gave �-
methylated product 2 in 96% yield and 81% ee.
   Intermediary enolate  was t rapped with t -
butyldimethylsilyl (TBS) triflate to give Z-enol silyl ether
3 and its E-isomer in a 2 : 1 ratio in combined isolated
yields of 85%.  The rotational barrier of the C(1)-N bond
of 3 was determined to be 16.8 kcal/mol (365K) by vari-
able-temperature NMR.  The restricted bond rotation
brings about axial chirality in 3 along the C(1)-N axis, as
shown in D.  On the other hand, the rate of racemization
of the potassium enolate intermediate was determined to
be 5.3 x 10-4/min at��78 ºC through the periodic quench-
ing of the enolate generated from 1 and KHMDS with
methyl iodide.  The barrier of racemization of the enolate
was calculated to be 16.0 kcal/mol, which matches the
rotational barrier of the C(1)-N bond of 3.  This suggests
that the chirality of the potassium enolate also originates
in the restricted rotation of the C(1)-N bond.  It is con-
cluded that a chiral nonracemic enolate with axial
chirality E is the origin for the present asymmetric in-
duction.  The half-life of racemization of the chiral enolate
was 22 h at �78 ºC, which is sufficiently long  for the
chiral enolate to undergo asymmetric methylation [1].

   Support for this novel mechanism was obtained from
the reactions of di-Boc derivative 4.  Upon �-methyla-
tion,  4 gave racemic 5 in 95% yield.  The result is consis-
tent with the conclusions above, since the enolate gener-
ated from 4 can not be axially chiral along the C-N axis.
   Asymmetr ic  � -methyla t ion  a lso  occurred
enantioselectively (78 ~ 93% ee) in various �-amino acid
derivatives in the absence of any external chiral sources
(Table 1).  The stereochemical course of �-methylation
was retention [2].
   The protocol for the asymmetric �-alkylation was ap-
plied to isoleucine and allo-isoleucine derivatives 6 and
8 that possess chiral centers at both C(2) and C(3).  �-
Methylation of 6 gave 7 as a major product whereas 8
gave 9 predominantly, although both 6 and 8 have (S)-
chiral center at C(3).   This indicates that chirality at C(2)
in 6 and 8 was preserved in the corresponding enolate
intermediates and the induced chirality made a major con-

tribution in the stereochemical course of the reaction,
while chirality at the adjacent chiral center C(3) had little
effect [3].
   In conclusion, a chiral nonracemic enolate with dynamic
axial chirality was shown to be the crucial intermediate
for direct asymmetric �-alkylation of �-amino acid de-
rivatives. Some other enolates with a restricted bond ro-
tation should have axial chirality with an intrinsic barrier
to racemization.  Because the rotational barrier is con-
trollable by introducing substituents or protective groups,
asymmetric induction based on the present strategy would
have further applicability in enolate chemistry.
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Scope of research
Major research interests of our laboratory are in the chemistry of the compounds having a novel bonding containing
heavier main group elements and/or transition metals, such as aromatic compounds containing heavier group 14 elements,
double-bond compounds containing heavier main group elements and/or transition metals, and metallacyclopropabenzenes
containing group 14 elements.  These compounds are synthesized as stable compounds by taking advantage of bulky
substituents and their properties are investigated in detail.  Mechanism of biochemical reactions and organic synthesis
mediated by biocatalysts are also studied.

Students: INABA, Yoshikazu (RS); MATSUO, Takashi (DC); ODA, Seiji (DC); HAYASHI, Motoko (DC); ITOH, Kenji
(DC); SASAMORI, Takahiro (DC); YAMAGUCHI, Hitomi (DC); NAGATA Kazuto (DC); NAKATA Norio (DC);
YAMANAKA, Rio (DC); OHTA, Mitsuko (MC); SASAKI, Takayo (MC); HORI Mariko (MC); KAJIWARA Takashi
(MC); SHINOHARA, Akihiro (MC)

Instr
SUGIYAMA,

Takashi
(D Sc)

Instr
KAWAI,
Yasushi
(D Sc)

Assoc Instr
YAMAZAKI,

Norimasa
(D Sc)

Techn
HIRANO,
Toshiko

Synthesis of a Stable Stibabismuthene; the First Compound

with an Antimony-Bismuth Double Bond
Takahiro Sasamori, Nobuhiro Takeda and Norihiro Tokitoh

Condensation reaction of an overcrowded dihydrostibine with dibromobismuthine using 1,8-
diazabicyclo[5.4.0]undec-7-ene as a base afforded the first stable stibabismuthene, the formation of
which was evidenced by the UV-vis and Raman spectra and its chemical reactivity.

Keywords: stibabismuthene/steric protection/antimony/bismuth/double bond

In recent years there has been much interest in com-
pounds with a double bond between heavier group 15
elements.  Since the first isolation of a stable diphosphene
(Mes*P=PMes*; Mes* = 2,4,6-tri-t-butylphenyl) in 1981,
a number of examples of kinetically stabilized diphos-
phenes (RP=PR) and diarsenes (RAs=AsR) have been
isolated and fully characterized.[1]  Recently, we have
succeeded in the synthesis and characterization of the first
stable distibene (TbtSb=SbTbt)[2] and dibismuthene
(TbtBi=BiTbt),[3] even heavier congeners of azo com-
pounds, by taking advantage of an efficient steric protec-
tion group, 2,4,6-tris[bis(trimethylsilyl)methyl]phenyl
(Tbt) group.  Very recently, Power et al. also synthesized
another type of stable distibene and dibismuthene substi-
tuted by bulky 2,6-Ar2C6H3 groups (Ar = mesityl or 2,4,6-
triisopropylphenyl).[4]  As for the case of heteronuclear
double-bond compounds between heavier group 15 ele-
ments, several phosphaarsenes and phosphastibenes have
been synthesized as stable compounds.[1,5]  However,
there is no examples of a heteronuclear doubly bonded
system between antimony and bismuth, i. e. stiba-
bismuthene.  Although the successful results on the ki-
netic stabilization of distibene and dibismuthene

(TbtE=ETbt; E = Sb, Bi) naturally prompted us to apply
the Tbt group to the synthesis of stable stibabismuthene,
we were apprehensive that the extremely low solubility
of the Tbt-substituted doubly bonded system of heavier
group 15 elements may prevent us from the examination
of the possible synthetic approaches and also the spectro-
scopic detection of the reaction products.  On the other
hand, during the course of our investigation on the ki-
netic stabilization of low-coordinated highly reactive spe-
cies we have developed another bulky aromatic substitu-
ent, 2,6-bis[bis(trimethylsilyl)methyl]-4-[tris(trimethyl-
silyl)methyl]phenyl (Bbt) group,[6] which is expected to
be a potentially more useful steric protection group than
Tbt group.  In fact, a new distibene and dibismuthene
substituted by Bbt groups, which have relatively high solu-
bility compared with TbtE=ETbt (E = Sb, Bi), were suc-
cessfully synthesized and characterized.  We now report
the successful application of the Bbt group to the synthe-
sis of the first stable stibabismuthene, BbtSb=BiBbt (1).
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Condensation reaction of BbtBiBr2 with BbtSbH2,
which was prepared by the reaction of BbtSbBr2 with
LiAlH4, in the presence of 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU) in THF at -95 ºC afforded stibabismuthene
1 as red-purple crystals quantitatively.  Stibabismuthene
1 showed satisfactory spectral data, as discussed below.

In the Raman spectrum (in the solid state) of 1, a strong
line attributable to the Sb-Bi stretching was observed at
169 cm-1.  This frequency lies between the value of the
Sb-Sb stretching vibration in TbtSb=SbTbt (207 cm-1)[2]
and that of the Bi-Bi stretching vibration in TbtBi=BiTbt
(135 cm-1),[3] and is higher than the Sb-Sb and Bi-Bi
stretching frequencies for Ph2E-EPh2 (E=Sb, Bi).  The UV/
vis spectrum of 1 in hexane shows two absorption maxima
at 709 nm (� 200) and 516 nm (� 7500), which are most
likely assignable to the forbidden n��* and the allowed
���* transitions of the Sb=Bi chromophore, respectively.
These results are consistent with the characteristic red-
shifts in the electronic spectra of previously reported
heavier congeners of azo compounds, and the �max value
for ���* transition of 1 is in the middle between that of
BbtSb=SbBbt (2) [�max 490 nm (� 6000)] and that of
BbtBi=BiBbt (3) [�max 537 nm (� 6000)].  These spectral
data suggest that 1 features a double bond between anti-
mony and bismuth even in solution as well as in the solid
state.  The reason of the superfluous red-shifts for the
n��* transition of 1, which is 39 nm longer than that of
3 [�max 670 nm (sh, � 20)], is not clear at present.

The molecular structure of stibabismuthene 1 was also
supported by the X-ray crystallographic analysis, but the
definite structural parameters for 1 have not been obtained
yet due to the inevitable disorder of the antimony and
bismuth atoms, which cannot be solved by the data col-
lection with a number of different single crystals of 1 even
at low temperature (-180 ºC).

Stibabismuthene 1 is stable at ambient temperature in
hydrocarbon solvents in the absence of air and light.  When
a solution of 1 in benzene-d6 was heated at 70 ºC, 2 and 3
were formed very slowly as judged by 1H NMR spectros-
copy.  Heating the solution of 1 at 80 ºC for 20 days led to
the formation of a mixture of 1, 2 and 3 with the ratio of
1:1.4:1.1, respectively.  On the other hand, when a solu-
tion of 1 in benzene-d6 was irradiated with a medium pres-
sure mercury lamp (100 W) in a sealed Pyrex NMR tube
at room temperature, the disproportionation reaction was
completed in 4 h to give a 1:1 mixture of 2 and 3.  The
results of the thermal and photochemical disproportion-
ation reactions of 1 into the homonuclear double-bond
species 2 and 3 can be regarded as a chemical evidence
for the formation of stibabismuthene 1.

Taking the previous reports on the reactivities of
diphosphenes[7] into consideration, two different path-
ways can be postulated for the disproportionation reac-
tions of stibabismuthene 1.  The first one is the dimeriza-
tion of 1 by heating or irradiation followed by the decom-
position of the resulting four-membered dimer 4 into the
homonuclear double-bond species 2 and 3 (path A), while
the other one is based on the dissociation of 1 giving the
corresponding monovalent species, i. e., stibinidene 5 and
bismuthinidene 6, both of which might undergo ready
dimerization leading to the formation of 2 and 3, respec-
tively (path B).

Although we have examined the thermolysis and pho-
tolysis of 1 in the presence of 2,3-dimethyl-1,3-butadi-
ene in expectation of trapping the intermediary monova-
lent species 5 and 6, no [4+1] cycloadducts of 5 and 6 but
only distibene 2 and dibismuthene 3 were obtained in high
yields.  Since we have already found that the stibinidene
5 generated by thermal cycloreversion of the correspond-
ing overcrowded stibolene derivative readily undergoes
[4+1] cycloaddition with 2,3-dimethyl-1,3-butadiene to
give the stable stibinidene adduct,[6] the disproportion-
ation reactions of stibabismuthene are not rationalized by
the mechanism via stibinidene and bismuthinidene inter-
mediates but most likely interpreted in terms of the asso-
ciation-dissociation mechanism via the head-to-head
dimerization of 1.

In summary, we have succeeded in the synthesis of the
first stable stibabismuthene 1 by taking advantage of ki-
netic stabilization afforded by a new and effective steric
protection group, Bbt.  Further investigations on the physi-
cal and chemical properties of stibabismuthene and syn-
thesis of other variations of heteronuclear doubly bonded
systems between heavier main group elements are cur-
rently in progress.
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Scope of research
The major goal of our laboratory is to elucidate the molecular basis of the activity of various
bioactive substances by biochemical, physicochemical, and synthetic approaches.  These
include studies on the mechanism of sequence-specific DNA cleavage by antitumor or
carcinogenic molecules, studies on the DNA recognition of zinc-finger proteins, and model
studies on the action    of ion channels.  In addition, artificial designed peptides have also
been developed as useful tools in molecular biology and potentially in human medicine.
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   Metalloproteins play important roles in gene regulation,
and some metal ions also participate in the transcriptional
stage by protein-mediated metallation. In particular, zinc
ion is essential as a structural factor for zinc finger
proteins, which constitute one of the most common DNA
binding motifs. Zinc finger proteins acquire DNA binding
ability by Zn(II)-complexation. In nature, Cys2His2-,
Cys3His-, Cys4-, and Cys6-type zinc fingers exist. Among
them, the Cys2His2-type zinc finger motif especially
possesses the following fascinating characteristics; (1) a
compact ��� fold is acquired by Zn(II)-coordination to
bind the asymmetric DNA sequence, (2) one finger
recognizes 3 to 4 base pairs by the side chains of amino

Zinc finger constitutes one of the most common DNA binding motifs. Although zinc finger proteins
consisting of Cys2His2, Cys3His, Cys4, and Cys6 domains are known in nature, a novel His4 zinc finger
protein has never been observed. Herein, we have created the first artificial His4-type zinc finger protein
(H4Sp1) engineered by Cys to His mutations of the Cys2His2-type zinc finger transcription factor Sp1.
The CD features of the single finger H4Sp1f2 and three-finger H4Sp1 clearly demonstrate the folding of
the mutant His4 peptides by complexation with Zn(II). The NMR study of Zn(II)-H4Sp1f2 reveals that
some distortions of the helical region occur due to Zn(II) coordination. The gel mobility shift assay and
DNase I footprinting analysis strongly show the binding of Zn(II)-H4Sp1 to the GC-box site of duplex
DNA. The methylation interference pattern of Zn(II)-H4Sp1 binding significantly resembles that of the
corresponding C2H2Sp1 binding. The present artificial peptide H4Sp1 is the first example of a zinc
finger containing the His4 domain. Of special interest is the fact that the zinc finger domains of H4Sp1
are folded (although not identical to the native structure) and bind DNA similar to wild type C2H2Sp1.

Key words: Zinc finger/ Sp1/ Designed metallofinger/ DNA binding

acids located on the recognition helix, and (3) extended
recognition can be attained by tandem repeating. The mini
��� fold of the Cys2His2-type zinc finger motif is an
attractive framework for designing a novel metallofinger
motif. At the present stage, no newly designed
metallofingers that have evident DNA recognition ability
are known. In addition, zinc finger proteins containing
the His4 domain have never been found or engineered.
Herein, we have created the first novel His4-type zinc
finger protein by Cys to His mutations of a Cys2His2-type
zinc finger in transcription factor Sp1.
   In order to clarify the structural alteration of the zinc
finger domain by Cys to His mutations, the H4Sp1f2-Zn(II)
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complex was investigated using two-dimensional NMR
techniques. In contrast to C2H2Sp1f2, a 3D structural
model of H4Sp1f2 showed the twisting of an extended
strand in the Pro2-Trp7 region and helical unwinding
around Asp18-Gln21, as indicated by the disappearance
of the C

�
Hi-NHi+3 NOEs between them. The twisting

detected in the Pro2-Trp7 region probably occurs in order
to accommodate a tetrahedral binding geometry enforced
by zinc coordination constraints.
   To examine whether the folding of H4Sp1 is Zn(II)-
dependent as well as that of H4Sp1f2, CD studies were
carried out. The mutant protein H4Sp1 was constructed
from C2H2Sp1 by Cys to His mutations of all three of the
zinc finger domains. The CD spectrum of H4Sp1 in the
Zn(II)-free buffer was characteristic of the random coil.
In the presence of Zn(II), the negative CD signal bands
near 203 nm and 222 nm clearly increased, demonstrating
the folding of H4Sp1 by Zn(II)-complexation. The CD
feature of Zn(II)-H4Sp1 was different from that (207 and
226nm) of Zn(II)-C2H2Sp1 to some degree, suggesting
that the zinc finger domain of H4Sp1 did not form the
structure identical to that of the wild type C2H2Sp1.
   The results of the gel mobility shift assays clearly
showed that Zn(II)-H4Sp1 was bound to the DNA
fragment (41 bp) containing an Sp1 recognition site GC
box (5'-GGGGCGGGGCC-3'). From the evidence for the
monomeric binding of the C2H2-type zinc finger to the
single binding site, the binding mode of Zn(II)-H4Sp1 is
also monomeric because the mobility of the shifted band
was the same as that of Zn(II)-C2H2Sp1. However, the
DNA binding affinity of H4Sp1 for the GC box was lower
than that of C2H2Sp1. Furthermore, the Zn(II)-dependent
DNA binding ability of H4Sp1 was shown by the decrease
in the DNA binding by EDTA. From the result of the
DNase I footprinting analysis of Zn(II)-H4Sp1 for a 148-
bp DNA fragment containing the GC box, H4Sp1 almost
protected the residues of the GC box at 2.4 µM from
DNase I cleavage in the presence of Zn(II). These results
strongly indicate that the H4Sp1 still retained the DNA
binding ability in spite of the Cys to His mutation.
   Previous studies have demonstrated that C2H2Sp1 can
bind DNA by interacting with Co(II), Cd(II), and Ni(II)
as well as Zn(II). To clarify whether the present H4Sp1
gains the DNA binding ability by various metal
complexations, H4Sp1 was reconstructed with Zn(II),
Ni(II), Cu(II), Co(II), or Cd(II) from insoluble fractions
during the purification step, and a gel mobility shift assay
was conducted. While Zn(II)-reconstituted H4Sp1 was
really bound to a GC-box fragment, under this
experimental condition, the DNA binding activity was
not detected in the case of Ni(II)-, Cu(II)-, Co(II)-, and
Cd(II)-reconstituted H4Sp1. From the CD studies of the
H4Sp1f2, only the Zn(II) binding to its His4 domain highly
induced an ordered conformation with the secondary
structure. Therefore, these results indicate that effective

folding by Zn(II) binding is essential for the DNA binding
ability of H4Sp1.
   When Zn(II)-H4Sp1 was bound to the GC-box fragment
(41 bp), its methylation interference pattern was compared
with that of Zn(II)-C2H2Sp1. In the case of H4Sp1, strong
base contacts with G(2), G(3), G(4), and G(6) in the
guanine-rich strand (G-strand) and G(5') in the cytosine-
rich strand (C-strand) were detected and also weak
contacts with G(1) and G(7) in the G-strand and G(11') in
the C-strand were observed. The interference feature
remarkably resembled that of the wild type C2H2Sp1,
indicating similar DNA binding modes between H4Sp1
and C2H2Sp1.
   The Cys to His conversion generates a larger metal
coordination sphere because the size of the His residue is
larger than that of the Cys residue as opposed to the case.
Although the Cys to His mutation results in a decreased
DNA binding affinity, the present peptide H4Sp1
maintains the DNA binding ability. In spite of the
structural alteration or distortion of the zinc finger domain
as clearly indicated by the CD and NMR evidence of
H4Sp1f2, it is of special interest that specific interactions
between the recognition helix of the finger 2 and its
subsite, 5'-GCG-3', are retained. In addition, fingers 1 and
3 of H4Sp1 also preserve the DNA recognition ability of
the wild type C2H2Sp1. Several reasons are considered
for the fact that H4Sp1 and C2H2Sp1 show similar DNA
recognition, despite the somewhat different helical
conformation between their zinc finger domains. First,
the DNA binding to Zn(II)-H4Sp1 may cause an additional
structural change and result in a  specific DNA recognition
analogous to Zn(II)-C2H2Sp1. Indeed, it is known that the
specific DNA binding induces a structural alteration in
the basic region of GCN4. Second, Zn(II)-H4Sp1 may
recognize DNA bases in a different manner from Zn(II)-
C2H2Sp1. Namely, the mutant peptide H4Sp1 compensates
for specific contacts with particular bases by a directional
change in the side chain that is essential for DNA
recognition. As a result, the recognition helix of Zn(II)-
H4Sp1 may be located in a different orientation to DNA
from that of Zn(II)-C2H2Sp1.
   In conclusion, this paper describes the preparation,
structure, and DNA binding properties of an engineered
His4 mutant of the zinc finger protein Sp1. We present
the NMR structure for a single mutated zinc finger
(H4Sp1f2) from Sp1 and the DNA binding data for a three
domain mutant (H4Sp1). The CD characteristics of
H4Sp1f2 and H4Sp1 are also compared with those of
C2H2Sp1f2 and C2H2Sp1. Interestingly, the His4 domain
is folded and recognizes the GC-box DNA. The
development of such a novel peptide may also lead to a
new zinc finger type or other metal finger domain.
Additionally, the present results suggest that a His4-type
zinc finger protein may also exist in nature.



ICR Annual Report, Vol. 7, 200042

�-Synuclein and Neurodegeneration
Seigo Tanaka, Masanori Takehashi, Naomi Matoh  and Kunihiro Ueda

��-Synuclein is implicated in pathogenesis of various neurodegenerative diseases, but the molecular
mechanisms of its action might be different.  In Alzheimer's disease (AD), NAC (non-A� component of
AD amyloid) is produced from��-synuclein, and then interacts with A� protein to form amyloid in
senile plaques.  In Parkinson's disease (PD) and Dementia with  Lewy bodies (DLB), a full-length or
partially truncated form of ��-synuclein is a constituent of LB, that is an inclusion found in degenerating
neurons.  Recently, oligodendroglial cytoplasmic inclusion in multiple system atrophy was reported to
be immunoreactive with anti-�-synuclein antibody.  Therefore, �-synuclein is suggested to be a com-
mon mediator of neurodegenerative diseases.

Keywords :  �-Synuclein / Alzheimer's disease / Parkinson's disease / Amyloid / Lewy body

BIOORGANIC CHEMISTRY  — Molecular Clinical Chemistry —

Scope of research
This laboratory was founded in 1994 with the aim of linking (bio)chemical research and clinical medicine. Thus, the scope
of our research encompasses the structure, function and regulation of various biomolecules, the pathophysiological signifi-
cance of bioreactions in relation to human diseases, and the application of molecular techniques to clinical diagnosis and
therapy. Our current interest is focused on poly(ADP-ribosyl)ation, nuclear localization of proteins in association with
apoptosis, and the molecular etiology of Alzheimer's disease and other neurodegenerative disorders.
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  I. Introduction
    Amyloid deposition in the senile plaque cores is one of
the major neuropathological features in the AD brain.
NAC was originally identified in senile plaques as a pro-
tein other than A�.  NAC consisting of at least 35 amino
acids is supposed to be produced from a precursor pro-
tein (�-synuclein).  NAC is located in the most hydro-
phobic portion of the �-synuclein molecule. The �-
synuclein has seven incompletely repeated KTKEGV
motifs and no signal peptide sequence nor N-linked
glycosylation sites.
    Recently, two types of mutation, Ala30Pro and
Ala53Thr, in the��-synuclein gene were found in some
families of PD.  Furthermore, �-synuclein  was found to
accumulate in Lewy body (LB) that is a hallmark of idio-
pathic PD.  These findings suggest a possible role of �-
synuclein in pathogenesis of both PD and AD.

II. Physiological functions of �-synuclein
 ����-Synuclein has been found in association with syn-
aptic vesicles in the rat brain by immunoelectron micros-
copy.  In order to clarify its physiological functions, we
transiently transfected �-synuclein cDNA into PC12 and
COS7 cells.  We found the �-synuclein to be distributed
in the cytosol and neurites of differentiated PC12 cells.
A confocal laser microscopic study showed colocalization
of �-synuclein with a synaptic marker, synaptophysin,
indicating possible role(s) of �-synuclein in synaptic func-
tion.

III. Amyloidogenicity of NAC
    NAC and A� protein are reportedly colocalized in the
core of senile plaques (Figure 1). The ratio of NAC to A�

in senile plaques has been estimated to be less than 1:10.
Structural analysis has shown that NAC has a strong ten-
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dency to form a �-sheet structure.  We confirmed that
fibrils are easily formed from synthetic NAC peptides,
and stained with Congo red to give green images sugges-
tive of amyloid under polarized light. We then analyzed
kinetics of amyloid fibril formation by monitering
thioflavine T fluorescence.  Formation of A�1-40 fibrils
was facilitated, with no nucleation phase, by the addition
of NAC fibrils preformed, suggeting that NAC fibrils
could serve as a nucleus for the amyloid formation.  In
order to analyze the process of NAC production from �-
synuclein, we labeled �-synuclein metabolically with
[35S]methionine in transfected COS7 cells.  The half-life
of 35S-labeled �-synuclein in COS7 cells was longer than
24 hours.  We could not detect any proteolytic products
in the cell lysate nor in the culture medium.  Although
exact steps of �-synuclein processing  remains to be clari-
fied, it is possible that �-synuclein is released from dam-
aged neurites and extracellularly proteolysed to produce
NAC.

IV. Neurotoxicity of NAC amyloid
   We found NAC to induce mitochondrial dysfunction in
neuronally differentiated PC12 cells at 100 nM, which is
comparable to the cytotoxic effect of A�25-35.  This find-
ing was confirmed by nuclear stainings with Hoechst
33258 and propidium iodide (PI); the former staining all
cells and the latter, dead cells.  Some nuclei were con-
densed and others were swollen, indicating that the cyto-
toxicity was a mixture of apoptotic and necrotic effects.
In order to clarify the molecular mechanism by which

NAC exerted the toxic effects, we screened several chemi-
cals for protective effects against NAC toxicity.  We found
that two antioxidants, propylgallate and N-t-butyl-
phenylnitrone, effectively reduce the NAC cytotoxicity,
suggesting a role of reactive oxygen species in the toxic
event.

V.  �-Synuclein and Lewy body
DLB is considered to be the second commonest form of
degenerative dementia in old ages after AD.  The anti-
bodies against N- and C-terminal portions of �-synuclein
stained positively Lewy bodies (LBs), indicating that full-
length �-synuclein is a constituent of LB (see Figure 1).
Full-length as well as C-terminal truncated forms of �-
synuclein have been biochemically demonstrated in LBs.
Recombinant �-synuclein was shown to form amyloid-
like fibrils in vitro, and the fibril formation to be acceler-
ated by mutations found in familial PD (Ala30Pro and
Ala53Thr).  Cytochrome c, a component  of the mito-
chondrial electron transport chain, was suggested to con-
tribute to the oxidative stress-induced aggregation of �-
synuclein.  Since cytochrome c is a mediator of apoptotic
signals, the formation of LB might be facilitated by cyto-
chrome c released in apoptotic cells in neurodegenerative
diseases.
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Figure 1.  �-Synuclein and neurodegenerative diseases.
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MOLECULAR BIOFUNCTION  — Chemistry of Molecular Biocatalysts —

Scope of research
Our research aims are to elucidate the chemistry-function relationships of various biocatalysts (enzymes) in combination with
organic chemistry, molecular biology and X-ray crystallography.  The biochemical and physiological roles of enzymes and
hormone receptors are also studied from the chemical point of view.  Main subjects are (1) Chemical, biochemical and
molecular biological studies on �-primeverosidase, a major tea aroma-producing �-glycosidase concerned with tea-manu-
facturing process, and on its original physiological roles in tea plants, (2) Design and synthesis of transition-state analogues
and mechanism-based inhibitors of ATP-dependent ligases and glycosidases to probe the enzyme mechanisms, (3) Develop-
ment of a new method for functional cloning of plant hormone receptors and biochemical studies on plant hormone biosyn-
thesis, (4) X-Ray crystallography of firefly luciferase and Maize pyruvate phosphate dikinase, (5) Development of a novel
lipase with altered reaction specificity by directed evolution.
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�-Glutamyltranspeptidase (EC 2.3.2.2) is the enzyme involved in glutathione metabolism and catalyzes the
hydrolysis and transpeptidation of �-glutamyl compounds such as glutathione and its derivatives.  The
reaction is thought to proceed via a �-glutamyl-enzyme intermediate where a hitherto unknown catalytic
nucleophile is �-glutamylated.  Neither affinity labeling nor site-directed mutagenesis of conserved amino
acids has succeeded so far in identifying the catalytic nucleophile.  We describe here the identification of the
catalytic nucleophile of Escherichia coli �-glutamyltranspeptidase by a novel mechanism-based affinity
labeling agent, 2-amino-4-(fluorophosphono)butanoic acid (1), a �-phosphonic acid monofluoride deriva-
tive of glutamic acid.  Compound 1 rapidly inactivated the enzyme in a time-dependent manner (kon = 4.83
� 104 M-1sec-1).  The inactivation was competitive with respect to the substrate.  The inactivated enzyme
did not regain its activity after prolonged dialysis, suggesting that 1 served as an active-site-directed affinity
label by phosphonylating the putative catalytic nucleophile.  Ion-spray mass spectrometric analyses re-
vealed that one molecule of 1 phosphonylated the one molecule of small subunit.  LC/MS experiments of
the proteolytic digests of the phosphonylated small subunit identified the N-terminal peptide Thr391-Lys399
as the phosphonylation site.  Subsequent MS/MS experiments of this peptide revealed that the phosphonylated
residue was Thr-391, the N-terminal residue of the small subunit.  We conclude that the N-terminal Thr-391
is the catalytic nucleophile of E. coli �-glutamyltranspeptidase.  This result strongly suggests that �-
glutamyltranspeptidase is a new member of N-terminal nucleophile hydrolase family.

Keywords:  E. coli �-Glutamyltranspeptidase/ Glutathione metabolism/ Mechanism-based affinity la-
beling/ Phosphonofluoridate/ Catalytic nucleophile/ Phosphonylation/ Ion-spray MS/ N-Terminal nu-
cleophile hydrolase family/

�-Glutamyltranspeptidase (�-GGT, EC 2.3.2.2) cata-
lyzes the cleavage of �-glutamyl bond of glutathione and
related �-glutamyl compounds to transfer the �-glutamyl
group either to water or to amino acids and peptides to
complete hydrolysis or transpeptidation, respectively.
This enzyme is widely distributed among the living or-
ganisms from bacteria to mammals and plays important
roles in glutathione metabolism. Despite the physiologi-
cal importance of this enzyme, details of the catalytic
mechanism still remain unclear.  The reaction catalyzed
by �-GGT is thought to proceed via a �-glutamyl-enzyme
intermediate followed by nucleophilic substitution by wa-
ter, amino acids, or peptides (Scheme 1).  Although a
hydroxy group of a Ser or Thr is proposed as the �-

glutamylation site, the catalytic nucleophile has remained
to be identified either by chemical modification or by
site-directed mutagenesis.  Here we designed 2-amino-
4-(fluorophosphono)butanoic acid 1, a �-phosphonic acid
monofluoride derivative of glutamic acid, as a  novel af-
finity labeling agent to trap the catalytic nucleophile of
E. coli �-GGT.  Compound 1 is expected to bind co-
valently to the catalytic nucleophile in a mechanism-
based manner, forming a transition-state like adduct in
the enzyme active site (Scheme 1).
  Compound 1 ,  sysnthesized from 2-amino-4-
phosphonobutanoic acid in four steps, was relatively
stable under acidic conditions (pH 5.5, t1/2 = 21.6 h) at
which the enzyme exhibited the maximal activity.

 Identification of Catalytic Nucleophile of Escherichia coli �-
Glutamyltranspeptidase by Mechanism-Based Affinity Label

Jun Hiratake, Makoto Inoue, Hideyuki Suzuki, Hidehiko Kumagai and Kanzo Sakata
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(phosphonylated peptide) was the same as that of the
unmodified peptide, except for the precursor ion (Figure
3C).  Thus, the mass increase of 165 Da was observed
only in the precursor ion.  This result has clearly shown
that compound 1 phosphonylated the N-terminal residue
of the small subunit, that is, Thr-391.  In addition, two
fragment ions (m/z 184.1 and 516.4) served as a good
i n d i c a t i o n  o f  � - e l i m i n a t i o n  o f  2 - a m i n o - 4 -
phosphonobutanoic  acid  (m/z  183)  f rom the
phosphonylated N-terminal peptide Thr 391-Lys399.

   Thus, the N-terminal Thr 391 was identified as the cata-
lytic nucleophile of E. coli �-GGT.  This result, along
with sequence similarity and a chracteristic post-transla-
tional processing of this enzyme, strongly suggested that
E. coli �-GGT is a member of N-terminal nucleophile
hydrolases, a recently recognized new hydrolase family.
Referencce:  M. Inoue, J. Hiratake, H. Suzuki, H. Kumagai,
K. Sakata  Biochemistry 2000, 39, 7764-7771.

   The enzyme was rapidly and competitively inhibited
by 1 in a time-dependent manner (Figure 1).  No regain
of enzyme activity was observed after prolonged dialy-
sis (10 days), suggesting that the enzyme active site was
covalently modified with 1.

   The inactivated enzyme was analyzed by ion-spray
mass spectrometry.  The E. coli �-GGT is composed of
two subunits  with a molecular mass of 20,010 and 39,196
Da for the small and large subunit, respectively.  Mass
analyses revealed that the molecular mass of the small
subunit increased from 20,014 Da (unmodified enzyme)
to 20,178 Da (modified enzyme) (Figure 2).  The ob-
served mass increase of 164 Da corresponded well to the
expected mass increase of 165 Da caused by the
phosphonylation by 1, indicating that one molecule of 1
was attached covalently to the small subunit.
   The small subunit of each unmodified and modified
enzyme was digested by lysyl endopeptidase C, and the
resulting proteolytic digests were analyzed by LC/MS to
find that the N-terminal peptide of the small subunit
(Thr391-Lys399, 1049.7 Da) was phosphonylated to in-
crease its molecular mass by 165 Da.
   Finally, the phosphonylated residue in the N-terminal
peptide was identified by MS/MS analysis.  The (M +
3H)3+ ions at m/z 350.7 (unmodified peptide) and 405.9
(phosphonylated peptide) were subjected to collision-in-
duced decay (CID).  The resulting CID spectrum and the
amino acid sequence of the N-terminal peptide Thr391-
Lys399 are depicted in Figure 3.  The CID spectrum of
the  (M +  3H) 3+ p recursor  ion  a t  m /z  405 .8

Figure 1.  Time-dependent inhibition of E. coli �-glutamyltrans-
peptidase by 1.  The enzymatic reaction was carried out in the
presence of the following concentrations of 1: (a) 0, (b) 0.17,
(c) 0.33, (d) 0.5, (e) 0.67 and (f) 1.0 �M.

Figure 2.  Reconstructed mass spectra of the small subunit.
(A) Small subunit from the unmodified enzyme.  (B) Small
subunit from the modified enzyme.

Figure 3.  MS/MS analysis of the peptide Thr391-Lys399.
 (A) Predicted product ions of type y.  (B) CID spectrum of the
m/z 350.7 precursor ions (Thr391-Lys399) from the unmodi-
fied enzyme.  (C) CID spectrum of the m/z 405.9 precursor
ions (Thr391-Lys399) from the modified enzyme.
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Novel Mechanism of Enzymatic Hydrolysis Involving

Cyanoalanine Intermediate Revealed by Mass Spectrometric

Monitoring of an Enzyme Reaction

Nobuyoshi Esaki, Tatsuo Kurihara, Yong-Fu Li and Susumu Ichiyama

L-2-Haloacid dehalogenase from Pseudomonas sp. YL catalyzes the hydrolytic dehalogenation of L-2-
haloalkanoic acids to produce the corresponding D-2-hydroxyalkanoic acids.  Asp10 of the enzyme
functions as a catalytic nucleophile: the residue attacks the �-carbon of the substrate to form an ester
intermediate, which is subsequently hydrolyzed to release the product.  Surprisingly, replacement of
Asp10 by Asn did not completely inactivate the enzyme.  We found that Asn10 of the D10N mutant
enzyme is spontaneously deamidated to yield Asp, though slowly, causing increasing activity of the
D10N preparation.  We also revealed by mass spectrometric monitoring of the enzyme reaction that the
D10N mutant enzyme itself catalyzes the hydrolytic dehalogenation: Asn10 attacks the substrate to
form an imidate, and a proton and D-lactic acid are eliminated to produce a nitrile (a �-cyanoalanine
residue), followed by hydrolysis to reproduce Asn10.  This is the first report of the function of Asn to
catalyze nucleophilic substitution through its dynamic structural change that includes conversion to a �-
cyanoalanine residue as an intermediate structure.

Keywords: 2-Haloacid dehalogenase/ Ion-spray mass spectrometry/ Cyanoalanine  residue

MOLECULAR BIOFUNCTION  — Molecular Microbial Science —

L-2-Haloacid dehalogenase from Pseudomonas sp. YL
(L-DEX YL) catalyzes the hydrolytic dehalogenation of
L-2-haloalkanoic acids, producing the corresponding D-
2-hydroxyalkanoic acids.  The enzyme is involved in bio-
degradation of xenobiotic compounds such as a herbi-
cide, 2,2-dichloropropionic acid.  The enzyme is also use-
ful as an industrial biocatalyst for the synthesis of opti-
cally active hydroxyalkanoic acids.  We have studied the
reaction mechanism of L-DEX YL in detail, and revealed

Scope of research
Structure and function of biocatalysts, in particular, pyridoxal enzymes and enzymes acting on xenobiotic compounds, are
studied to elucidate the dynamic aspects of the fine mechanism for their catalysis in the light of recent advances in gene
technology, protein engineering and crystallography.  In addition, the metabolism and biofunction of sulfur, selenium, and some
other trace elements are investigated.  Development and application of new biomolecular functions of microorganisms are also
studied to open the door to new fields of biotechnology.  For example, molecular structures and functions of psychrophilic
enzymes and their application are under investigation.

that the reaction proceeds as follows [1, 2].  Asp10 of the
enzyme nucleophilically attacks the �-carbon of the sub-
strate to release a halide ion and produce an ester inter-
mediate, which is subsequently hydrolyzed to release a
D-2-hydroxyalkanoic acid and regenerate Asp10.  We per-
formed mutagenesis studies on L-DEX YL, and surpris-
ingly found that replacement of Asp10 by Asn did not
completely inactivate the enzyme, whereas replacement
by Ala, Gly, Ser, or Glu resulted in total inactivation [3].
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Figure 1.  Structural change of D10N involving an imidate and
a nitrile as reaction intermediates.

In the present study, we analyzed the mechanism of
dehalogenation catalyzed by the L-DEX YL D10N prepa-
ration by ion-spray mass spectrometry [4].

We found that the activity of the D10N preparation
increased in a time- and temperature-dependent manner.
When determined immediately after purification of the
enzyme, it showed about 1% activity of the wild-type
enzyme activity, whereas it showed 26% activity of the
wild-type enzyme activity when stored at room tempera-
ture for about a month.  Amino acid sequencing of the
enzyme preparation showing 26%  activity revealed the
occurrence of Asp at the position of Asn10.  These results
indicate that the side chain amide of Asn10 is slowly
deamidated to produce carboxylate.

We next examined whether the D10N mutant enzyme
itself is involved in the dehalogenation by ion-spray mass
spectrometry.  Although the D10N preparation is contami-
nated by the wild-type enzyme produced by the sponta-
neous deamidation of Asn10 as described above, the wild-
type enzyme content in the fresh preparation is consid-
ered to be less than 1% of the total enzyme molecules
judging from the enzyme activity of the preparation.  Thus
it is possible to monitor the structural change of D10N
itself by mass spectrometry, because the small amount of
the wild-type enzyme does not interfere with the mass
spectra of D10N, which is present abundantly.  We first
confirmed that the control enzyme not incubated with the
substrate showed a peak at 26,180 Da (M), which is vir-
tually identical to the molecular mass (26,178 Da) pre-
dicted from the primary structure of the D10N enzyme,
and then incubated the enzyme preparation with L-2-
chloropropionate as a substrate to monitor the structural
change of the enzyme.  After 10 s of the incubation, the
original peak at around 26,178 Da disappeared, and new
peaks appeared at 26,253 Da (M+73) and 26,162 Da (M-
18).  Over a period from 10 s to 1 min, the relative abun-
dance of the M+73 species decreased, and the M-18 spe-
cies increased.  From 20 s to 40 min, the enzyme occurred
predominantly as the M-18 species.  The original peak
(M) reappeared and increased over a period of 30-60 min,
and became predominant by 60 min.

We determined the N-terminal amino acid sequence

of the M+73 species, and found that the Asn10 was modi-
fied.  To analyze the modification at position 10 by mass
spectrometry, we constructed D10N/L11K double mutant
enzyme: lysyl-endopeptidase treatment of this enzyme
produces a short peptide fragment containing Asn10,
which is small enough for determination of accurate mo-
lecular mass.  We confirmed that the mutation at position
11 did not alter the reactivity of the D10N enzyme as
judged by structural change of the enzyme revealed by
mass spectrometry.  D10N/L11K incubated with L-2-
chloropropionate was digested with lysyl endopeptidase,
and the resultant peptide containing Asn10 was analyzed
by tandem MS/MS.  We found that the modification caus-
ing the 73-Da increase occurred at Asn10, and revealed
that an imidate structure was produced as a reaction in-
termediate (Fig. 1): we found that the M+73 species was
artificially produced by hydrolysis of the imidate (M+72)
under a low-pH condition employed in the present ex-
periment to terminate the enzyme reaction.

We next analyzed the structure of the M-18 species.
The M-18 species derived from D10N/L11K was digested
with lysyl endopeptidase, and the peptide containing
Asn10 was analyzed by tandem MS/MS.  We found that
Asn10 was specifically modified in such a way as its
molecular mass becomes 18-Da lower than the original
value.  The most probable structure formed at residue
number 10 is a �-cyanoalanine residue as shown in Fig.
1.

To examine if the final step of the reaction is the re-
conversion of �-cyanoalanine residue into Asn as shown
in Fig. 1, D10N/L11K was incubated in H2

18O in the pres-
ence of L-2-chloropropionate for 60 min.  After the incu-
bation, we analyzed the molecular mass of the peptide
containing Asn10, and found that an 18O  atom was incor-
porated in Asn10.  This result indicates that the nitrile
undergoes the nucleophilic attack of a water molecule to
produce the side chain amide of Asn10.

In colclusion, we revealed a unique structural change
of L-DEX YL D10N that occurs through the mechanism
shown in Fig. 1: Asn10 nucleophilically attacks the sub-
strate to form the imidate, and a proton and D-lactic acid
are eliminated to produce the nitrile.  This is the first re-
port showing that Asn functions as a catalytic nucleophile
in enzymatic hydrolysis where �-cyanoalanine residue is
produced as a reaction intermediate.
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Crystal Structure of a NifS Homologue CsdB from

Escherichia coli

Tomomi Fujii and Yasuo Hata

MOLECULAR BIOLOGY AND INFORMATION  — Biopolymer Structure —

Scope of research
Our research aims are to elucidate structure-function relationships of biological macromolecules, mainly proteins, by using
physicochemical methods such as spectroscopic and X-ray diffraction methods.  The following attempts have been mainly made
in our laboratory for that purpose.  (1)  X-ray diffraction studies on protein structures in crystal and in solution are carried out
by crystallographic and/or small-angle X-ray scattering techniques to elucidate structure-function relationships of proteins.
(2) Molecular mechanism for myosin assembly is studied by proteolytic method, electron microscopy, and computer analysis of
the amino acid sequence.
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Escherichia coli CsdB is a dimeric NifS-homologue belonging to the fold-type I family of PLP-
dependent enzymes, and catalyzes the decomposition of L-selenocysteine into selenium and L-alanine
with specificity higher than that for a substrate of cysteine.  The structure of the enzyme has been
determined at 2.8 Å resolution by an X-ray crystallographic method.  The subunit of CsdB comprises a
large domain, a small domain, and an N-terminal segment.  A remarkable structural feature of CsdB is
that an �-helix in the lobe extending from the small domain to the large domain in one subunit of the
dimer interacts with a �-hairpin loop protruding from the large domain of the other subunit.  Cys364,
which is essential for the activity toward cysteine but not toward selenocysteine, is clearly seen on the
loop of the extended lobe (Thr362–Arg375) although the corresponding loop (Ser321–Arg332) is
disordered in the Thermotoga maritima NifS-like protein, which is closely related to the cysteine-
specific NifS and whose crystal structure has recently been determined as the second example.

Key words:  X-ray crystallography / CsdB / NifS-like protein / iron-sulfur cluster / PLP

CsdB, the csdB gene product from Escherichia coli, is
a PLP-dependent protein, which decomposes L-
selenocysteine, L-cysteine sulfinic acid and L-cysteine
into selenium, sulfur dioxide and sulfur, respectively,
and L-alanine [1]. This enzyme shares 23% sequence
identity with the NifS protein, that catalyzes the
decomposition of L-cysteine and functions in the
nitrogen fixation system of Azotobacter vinelandii by
supplying sulfur to stabilize or repair the iron-sulfur
cluster of the nitrogenase component protein.  In order to
clarify structure-function relationships of a family of
NifS-like proteins, three-dimensional structure of the E.
c o l i  C s d B  h a s  b e e n  d e t e r m i n e d  b y  X - r a y
crystallographic analysis [2].

The crystals of CsdB were grown by a hanging drop
vapor diffusion method using sodium acetate as a

precipitant.  Two heavy-atom derivatives were prepared
by soaking the crystals into phenyl mercury acetate and
potassium tetracyanoplatinate.  Diffraction data were
collected on an R-AXIS IIc imaging-plate detector
system using CuK� radiation produced by a RU-300
generator.  The structure of CsdB was solved by the
multiple isomorphous replacement with anomalous
scattering and density modification techniques. The
polypeptide chain was traced based on the bones
generated by truncating the map.  The structure was
refined at 2.8 Å resolution.  The subunit structure of
CsdB is composed of a polypeptide chain of Phe3–
Gly406, one PLP, and one acetate.

The overall fold of the CsdB subunit (Figure 1) is
similar to those of the fold-type I family of PLP-
dependent enzymes, represented by an aspartic acid
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aminotransferase (AAT), especially to that of a
phosphoserine aminotransferase (PSAT) which belongs
to the class V of fold-type I enzymes.  The subunit
consists of three parts: the large domain of an �/� fold
containing a seven-stranded �-sheet flanked by helices,
the small domain containing a four-stranded �-sheet with
three �-helices, and the N-terminal segment.

The circumstances of active site in CsdB, AAT, and
PSAT are almost similar among one another.  PLP has
the C4' atom connected with the N� atom of Lys226,
providing the Schiff base to form an internal aldimine.
The O3' and N1 atoms of PLP hydrogenbond with the
N�2 atom of Gln203 and with Asp200, respectively.  The
most striking difference in the interactions between the
protein and PLP lies in the stacking mode of the aromatic
residue and the pyridine ring of PLP.  In CsdB, the
imidazole ring of His123 is stacked against the pyridine
ring of PLP, whereas the indole ring of the Trp residue in
AAT and PSAT.  The expected binding mode of a
substrate selenocysteine to the active site of CsdB was
considered based on the crystal structures of complexes
of AAT or PSAT with their substrate analogues.  In the
model of the CsdB complex, the �-carboxyl group of the
substrate is recognized with Arg379 and Asn175.  The
selenium at the �-position of the substrate is close to the
side chain of Cys364.

CsdB has several structural features which are
different from those of other families of enzymes.  A �-
hairpin loop (residues 256 – 267) protruding from one
subunit of the dimer interacts with an �-helix in a lobe
(residues 366 – 371) extending from the small domain to
the large domain of the other subunit.  These two
portions of the �-hairpin loop and the lobe form one side
of a limb of an active site in the enzyme.  Cys364, which
is essential for the activity toward L-cysteine but not
toward L-selenocysteine [3], lies on the extended lobe
which has an ordered conformation.  This structure is not
found in other ‘fold-type I’ PLP dependent enzymes.

The CsdB structure in Figure 2 shows the regions (A –
D) markedly different in sequence between CsdB and
NifS.  The �-hairpin loop (region C) in CsdB is deleted in
NifS.  In contrast to this deletion, 10 residues are inserted
in NifS between the residues corresponding to Met366

and Pro367 on �-helix of the extended lobe in CsdB
(region D).  The region just follows the putative catalytic
residue Cys364.  Therefore, the extended lobe anchoring
the catalytic cysteine residue seems to be much larger in
NifS than in CsdB and to have a different structure as
well as a different location of the catalytic cysteine
residue.  Recently, the crystal structure of Thermotoga
maritima NifS-like protein (tmNifS), which is closely
related to the cysteine-specific NifS, has been
determined as the second example [4].  However, the
loop of tmNifS corresponding to the extended lobe of
CsdB is disordered.  The extending lobe is the most
remarkable structural feature common to the NifS
homologues and probably a prerequisite for their
function.

This project has been carried out in collaboration with
the division of Molecular Biofunction – Molecular
Microbial Science –, Institute for Chemical Research.
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Figure 1.  The dimeric molecule of  CsdB viewed
perpendicularly to the molecular two-fold axis.  The figure,
showing a pair of subunits shaded differently, was drawn with
program MOLSCRIPT [5].

Figure 2. Schematic representation of CsdB showing
differences in sequence between CsdB and NifS.  These
regions are shaded and labeled “dr-B” for residues 99 – 115
and “dr-D” for residues 366 – 376 in one subunit, and “dr-A*”
for residues 34 – 60 and “dr-C*” for residues 251 – 268 from
the other subunit.  PLP and Cys364 are depicted as ball-and-
stick models.  Helices and �-strands are represented by spirals
and arrows.  The figure was drawn with program BOBSCRIPT
[6].
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PISTILLATA is a B-class floral organ identity gene required for the normal development of petals and
stamens in Arabidopsis thaliana.  Its expression is induced in the stage 3 flowers (early expression) and
is maintained until anthesis (late expression).  To explore in more detail the developmentally regulated
gene expression of PISTILLATA, the author dissected its upstream DNA region followed by analyzing
the promoter activity with transgenic plants carrying various mutations in meristem and organ identity
genes.  The results indicate that LEAFY and UNUSUAL FLORAL ORGANS induce PISTILLATA ex-
pression in a flower-independent manner through a distal promoter, and that PISTILLATA together with
APETALA3 maintain PISTILLATA expression in the later stages of flower development through a
proximal promoter.

Keywords:   Arabidopsis thaliana/ Flower development/ Homeotic gene/ Transcriptional control

Upstream Regions Required for Expression Control of the

Arabidopsis floral homeotic gene PISTILLATA
Takashi Honma

MOLECULAR BIOLOGY AND INFORMATION  — Molecular Biology —

Scope of research

Attempts have been made to elucidate structure-function relationships of genetic materials and various gene products.  The
major subjects are mechanisms involved in signal transduction and regulation of gene expression responsive to environmental
stimuli, differentiation and development of plant organs, and plant-microbe interaction.  As of December 2000, study is being
concentrated on the roles of homeodomain proteins and DDK response regulators of higher plants in developmental and signal
transduction processes.
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   The Arabidopsis flower consists of the four type or-
gans: sepals, petals, stamens and carpels.  These organs
develop by proliferation of cells in meristem.  The devel-
opmental fate of meristem is controlled by the floral
homeotic genes.  When the activity of a homeotic gene is
lost, conversions of one organ type to other occur.  Their
functional difference allow us to classify these genes into
(i) the meristem identity genes which establish the floral
meristem and (ii) the organ identity genes which are re-
quired for appropriate organ development in their re-
spective place in the flower.
   The organ identity genes PISTILLATA (PI) and
APETALA3 (AP3) are necessary for petal and stamen de-

velopment.  The loss of either gene function result in
similar phenotypes, with petals being transformed into
sepals and stamens into carpels [1].  Both genes encode
the MADS-box transcription factors that are capable of
forming a heterodimer and bind to DNA containing the
consensus sequence CC(A/T)6GG [2, 3].  Therefore, the
PI/AP3 complex appears to have a role as the regulator
essential for petal and stamen development.
   PI transcripts become first detectable after the sepal
primordia begin to form at stage 3 [2].  During the petal
and stamen primordia emerge, PI transcripts continue to
be detected in both petals and stamens throughout the
flower development.  PI expression is regulated in two
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steps; the establishment of initial expression and the
maintenance of their expression by PI and AP3 proteins
(autoregulation).  Genetic analysis has proposed that the
initial expression is induced by combinations of the mer-
istem identity genes, LEAFY (LFY) and UNUSUAL
FLORAL ORGANS (UFO), and after once established,
PI expression in the petals and stamens is maintained by
the activities of PI and AP3 proteins [2, 4, 5].
   In order to define the regulatory elements in the PI pro-
moter region, various deletions in the 1.5-kb region up-
stream of PI were generated and then connected to a re-
porter gene that had been made by an in-frame transla-
tional fusion of PI with the uidA gene coding for the �-
glucuronidase (GUS).  The author introduced these con-
structs (PI::GUS series) into the Arabidopsis genome,
and flowers of the resulting transgenic plants were
stained for GUS enzyme activity.  PI::GUS transgenic
lines carrying a promoter DNA region to nt -498 (or to
more) from the PI translation initiation site showed
petal- and stamen-specific GUS expression pattern, simi-
lar to the localization of PI transcript.  An additional de-
letion to nt -399 led to alteration of GUS expression in
the stage 3 flowers (early expression), suggesting that
this -498 to -399 region contains a cis element(s) re-
quired for early expression occurring in response to in-
duction signals (the distal region).  In PI::GUS
transgenic lines containing up to nt -266, the level of
GUS expression in petals and stamens (late expression)
was reduced.  Further deletions up to nt -233 entirely
abolished GUS expression.  These results suggest that
the deletions to nt -266 and to nt -233 remove cis ele-
ments essential for the late expression (the proximal re-
gion), partially and entirely, respectively.
   In order to define cis elements responsive to the PI/
AP3 complex in the PI promoter region, each of the
above deletion derivatives of PI::GUS was introduced
into the loss- and gain-of-function alleles of PI and AP3.
In the loss-function alleles of PI or AP3, the early expres-
sion mediated by the distal region remained but the late
expression mediated by the proximal region disap-
peared. These results indicate that the early PI expres-
sion is independent of PI and AP3 and that the late ex-
pression requires the functional PI and AP3 gene prod-
ucts.  In the gain-function alleles of PI and AP3 (35S-PI
and 35S-AP3), strong GUS activity mediated by the
proximal region was observed in any of the flower or-

gans.  It was thus concluded that the proximal promoter
contains the cis elements that respond to the autoregula-
tory signals of the PI/AP3 complex.
   To test whether the early and late expression of PI are
influenced by LFY and UFO, the deletion derivatives of
PI::GUS were similarly introduced into the loss- and
gain-of-function alleles of LFY and UFO.  In plants defi-
cient in LFY, GUS expression mediated by the distal re-
gion in the stage 3 flowers was completely eliminated.
In contrast, defects in UFO did not influence GUS ex-
pression promoted by either of the distal and proximal
regions.  These results suggest that LFY affects the early
but not the late expression of PI, and that PI expression is
not highly influenced by the UFO mutations.  In the
gain-of-function allele of LFY (35S-LFY), partial ectopic
GUS expression was observed, depending on the distal
PI promoter.  Furthermore, 35S-LFY plants carrying si-
multaneously introduced 35S-UFO showed GUS ex-
pression mediated by the distal region in the whole plant
body;  however, GUS expression directed by the proxi-
mal region was restricted within the flower organs.
These results indicate that the coexistence of LFY and
UFO is sufficient to induce PI expression in a flower-
independent manner and that the cis-acting elements re-
sponsive to LFY/UFO are located in the distal region of
the PI promoter.

In summary, I have demonstrated that the PI promoter
consists of discrete cis-acting elements; one in the distal
region is responsive to induction signals mediated by the
meristem identity genes LFY and UFO, and the other el-
ement in the proximal region is responsive to autoregula-
tory signals produced by the PI/AP3 complex [6].
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Classification and Analysis of Eukaryotic ABC Transporters

in Complete Eukarya Genomes
Yoshinobu Igarashi and Minoru Kanehisa

Accumulation of genome information is increasing
at an accelerative tempo, recent years, and already, the
genomes of 6 archaea, 28 eubacteria, and 3 eukarya
were determined. These sequences facilitate the
analysis of the genome comparison, the analysis of
evolutionary relationships and the reconstruction of
pathways. However, frequently, the annotation of the
proteins and genes sequenced by the genome projects
are still based on only the simple sequence similarity.
The systematic analysis of genome comparison or
evolutionary relationships can carry out producing the

more detailed annotations which are never obtained
only from the simple sequence similarity.  Furthermore,
such systematic analysis can be used to avoid the wrong
annotations which tend to be produced from the
evaluation of only sequence similarity.
  The structure of a prokaryotic ABC transporter usu-
ally consists of three components. A typical transporter
consists of two integral membrane proteins each hav-
ing six transmembrane segments, two peripheral pro-
teins that bind and hydrolyze ATP, and a periplasmic
(or lipoprotein) substrate binding protein. Many of the

The ABC(ATP-Binding Cassette) transporters form a major class of active transporters which are wide-
spread in archaea, bacteria, and eukarya. Most of eukaryotic ABC transporters are involved in exporting
antibiotic drugs. In this study, first, we identified the eukaryotic ABC transporters in three complete
eukarya genomes, S.cerevisie, C.elegans and D.melanogaster. Next, we classified the eukaryotic ABC
transporters into the clusters of orthologs and paralogs using the hierarchical cluster analysis.  In addi-
tion, we built Hidden Markov Models (HMMs) for individual clusters, and identified the orthologs of
individual clusters in othrer genomes by using the HMMs.

Keywords: ABC transporter / Hidden Markov Model / Bioinformatics

MOLECULAR BIOLOGY AND INFORMATION  — Biological Information Science —

Scope of research
This laboratory aims at developing theoretical frameworks for understanding the information flow in biological systems in
terms of genes, gene products, other biomolecules, and their interactions. Toward that end a new database is being organized
for known molecular and genetic pathways in living organisms, and computational technologies are being developed for
retrieval, inference and analysis. Other studies include: functional and structural prediction of proteins from sequence information
and development of sequence analysis tools.
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genes for the three components form operons as in fact
observed in known archaea and bacteria genomes[1].

On the other hand, in a typical eukaryotic ABC
transporter, the membrane spanning protein and the
ATP-binding protein are fused, forming a polypeptide
with the membrane spanning domain and the ATP-
binding domain.

In prokaryotic ABC transporters, the ATP-binding
protein component is the most conserved, the
membrane protein component is somewhat less
conserved, and the substrate-binding component is
mos t  d ivergen t  in  t e rms  of  the  sequence
similarity[2][3]. Therefore, in eukaryotic ABC
transporters, it could also be expected that ATP-binding
domain is the most conserved domain.

In this analysis, we first searched and compared the
eukaryotic ABC transporters in three eukarya complete
sequenced genomes, S.cerevisiae, C.elegans and
D.melangaster. We identified ATP-binding domains
and other domains in the candidate sequences using
the hidden Markov model in Pfam5.0. Then, in order
to confirm whether these candidate sequences also have
the membrane spanning domain simultaneously, we
predicted the membrane spanning domains using
SOSui transmembrane prediction program[4]. The
prediction results of SOSui program were used as the
reference for removing false positive eukaryotic ABC
transporters from candidate sequences by manual
operation. Then, eukaryotic ABC transporters of 24 in
S.cerevisiae, 46 in C.elegans, 50 in D.melanogaster
were identified (Table 1). We counted alternatively
spliced proteins as one entry.

Next, they were classified into orthologs and
paralogs from sequence similarity and domain structure
according to the hierarchical cluster analysis. These
transporters were classified into orthologs and paralogs
from the sequence similarity of the ATP-binding
domain and the domain structure, i.e., the ordering of
the two domains. The resulting set of clusters (families)
is shown in Table 1.

Furthermore, hidden Markov models were built
using individual clusters, and they were used to search
for similar sequences in other genomes in the KEGG/
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GENES database.
By the HMM search in bacteria, archaea and

eukarya, we identified a specific ATP-binding domain
group, whose homologs are found in only plants and
fungi. The HMM for this ATP-binding domain group
was constructed by the members of S.cerevisiae only,
and they belong to multidrug resistance family (family
4 in table 1). Each sequence of this family has two
ATP-binding domains, and the homologs of C-terminal
side ATP-binding domain are found in bacteria and
other eukarya, but the homologs of N-terminal side
ATP-binding domain are found in only S.pombe,
C.albicans and A.thaliana. Therefore, it is possible that
N-terminal side of the sequences may have a function
special to the medicine tolerance of fungi and plant
cells.

family S.cer C.ele D.mel
1 p-glycoprotein 4 21 9
2 multidrug resistance associated protein 7 7 14
3 peroxisomal membrane transporter 2 5 4
4 multidrug resistance (white protein homolog) 10 7 14
5 ABC-2 type? 0 5 8
6 miscellaneous 1 2 1

24 46 50

Table1: The number of eukrayotic ABC transporters in S.cerevisiae ,
C.elegans  and D.melanogaster
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NUCLEAR SCIENCE RESEARCH FACILITY  — Particle and Photon Beams —

Scope of research
   Particle and photon beams generated with accelerators and their instrumentations both for fundamental research and practi-

cal applications are studied.  The following subjects are being studied: Beam dynamics related to space charge force in accel-
erators: Beam handling during the injection and extraction processes of the accelerator ring:radiation mechanism of photon by
electrons in the magnetic field: R&D to realize a compact proton synchrotron dedicated for cancer therapy: Control of the
shape of beam distribution with use of nonlinear magnetic field: and Irradiation of materials with particle and photon beams.
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Figure 1. The layout of the KSR. Main devices for the beam
injection and extraction are shown.

The electron ring KSR has been utilized as a pulse stretcher of the 100 MeV  S-band electron linac.
The duty factor of the electron beam has been increased drastically more than 90% from 2�10-5.

Keywords: electron ring/ KSR/ slow extraction/ RFKO/ duty factor

The Stretcher Operation of KSR
Takashi Sugimura, Akio Morita, Hiromu Tonguu, Toshiyuki Shirai,

Yoshihisa Iwashita, Hirokazu Fujita and Akira Noda

    An S-band electron linac with the maximum energy of
100 MeV has been operated since October 1995. This
linac has been used for experiments such as  Parametric
X-Ray radiation from the crystal and resonant transition
radiation from the foils of dielectric substance. The pulse
width and the repetition rate of the linac, however, are
limited at 1�sec and 20Hz, respectively, which results in
the beam duty factor of 2�10-5 at maximum. In order to
avoid the pile up of the signals from the detectors, we are
forced to reduce the peak current of the output beam
from the linac, which causes reduction of the average
current. So the idea of using the KSR as a pulse stretcher
was proposed so as to improve this situation, while KSR
is also to be utilized as a synchrotron light source with
the maximum energy of 300 MeV[1,2]. The total layout
of KSR is shown in Figure 1, where main devices for
beam injection and extraction are indicated.

 In the stretcher mode, the electron beam from the
linac is injected into the ring through the inflector and
extracted from the ring through the electrostatic septum
(ESS) with the repetition rate of 1 Hz[3]. After the injec-

tion, the transverse RF electric field resonating with the
betatron oscillation is applied in the horizontal direction
(RF knock out, RF-KO). The stable beam with small am-
plitude is driven to the separatrix, which is the boundary
between the stable and unstable regions for the third or-
der resonance in the horizontal transverse phase space.
The beam becomes unstable and its amplitude increases
as shown in Figure2 along the branches of the separatrix.
With this method, the separatrix is fixed throughout the
whole process and the direction of the extracted beam

The work is supported by Grant-in-Aid for Scientific Research (A) from Ministry of Education, Science, Sports and Culture of Japan
with contract No. of 09304042.
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Figure 6. Pulse rate of the extracted beam. A background  has
been subtracted. The further fine tuning is required to realize
the flat beam spill.

does not change, while the ordinary method, so far uti-
lized, reduces the separatrix size, which inevitably re-
sults in the variation of the extracted beam direction. The
turn separation, which is the amplitude increase of beta-
tron oscillation in 3 turns, is estimated to be 3.2 mm in
the present case and the extraction efficiency is calcu-
lated to be 97% for the extraction system using the elec-
trostatic septum with septum thickness of 0.1 mm.

 The extraction channel consists of two devices. One
is the Electrostatic septum and the other is a magnetic
septum (see Figure 3,4).

Figure 2.  Phase space plot of the beam at the entrance of ESS.

    Observations of a beam current in the ring and an ex-
tracted beam spill were performed with the beam energy
of 80 MeV.   Figure 5 shows the output signal of the
DCCT (DC current transformer) with and without RF-
KO. This figure shows that the beam current in KSR de-
creases slowly by RF-KO. A scintillation counter was
set just after the exit of the magnetic septum as shown in
Figure 1 and the extracted beam was measured. Figure 6
shows the first measurement of the pulse rate of scintil-
lation counter for the first 800 ms. It was confimed that
the beam extraction continues during almost 1sec after
the injection.

 The stretcher ring KSR utilizing the slow extraction
with an RF-KO and the third order resonance is found  to
work as designed. This is the first slow extraction experi-
ment with this scheme for the electron beam under the
radiation damping.

Figure 5. Output signal of the DCCT. The axes of abscissa and
ordinate are time and the circulating beam current in
KSR,respectively.  Without RF-KO, the circulating beam does
not decrease. With RF-KO, circulating beam decreases slowly
with extraction procedure.

Figure 3. The electrostatic septum. The circulating beam
passes through the inside of the yoke, and the beam exceeding
40mm in its oscillation amplitude is deflected outward by 20.5
mrad with the electric field applied between the Ti foil and the
Al electrode, and then guided to the septum magnet located
downstream.

Figure 4. The magnetic septum.After the deflection of the ESS,
septum thickness of 22.6 mm is provided for the septum mag-
net. With the field of 0.5T and the pole length of 550 mm the
extracted beam is deflected as large as 45o and is guided to the
extraction beam line.
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Coherent Time Evolution of Highly Excited Rydberg States
in Pulsed Electric Field: Opening a New Scheme for

Stringently Selective Field Ionization

M. Tada, Y. Kishimoto, M. Shibata, K. Kominato, C. Ooishi,

T. Saida, T. Haseyama and S. Matsuki

Coherent time evolution of highly excited Rydberg states in Rb (98 � n �150) under pulsed electric field
in high slew rate regime was investigated with the field ionization detection. We observed for the first
time a discrete transition of the threshold ionization field with slew rate, the behavior of which depends
also on the position of the low l states relative to the adjacent manifold. The experimental results
strongly suggest that the coherent interference effect plays decisive role for such transitional behavior,
and bring us a new, quite effective scheme for the stringently selective field ionization.

Keywords : Rydberg atoms/selective field ionization/pulsed electric field/dark-matter axion search

NUCLEAR SCIENCE RESEARCH FACILITY  — Beams and Fundamental Reaction —

Scope of research
   Atoms, nuclei, and dark matter particles in the Universe are studied with quantum electronic methods: Current research

subjects are 1) search for a cosmological dark-matter candidate particle, axion, in the Universe with the Rydberg-atom cavity
detector, 2) highly excited Rydberg atoms in an electric field and their applications to fundamental physics research, and 3)
nuclear magnetism in 3-5 semiconductors with laser-assisted Overhauser process and optical pumping.
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   Highly excited Rydberg states in the ramped electric
field is one of the most interesting system for investigat-
ing the coherence effects in the time evolution of a quan-
tum systems[1]. With increasing principal quantum
number n, more numbers of the Rydberg Stark states are
coherently excited along the increasing  electric field,
thus the coherence effects becoming more and more im-
portant factors to the behavior of the Rydberg states[2].
In spite of this promising feature and also of their poten-
tial applicability to the wide area of fundamental physics
research including cavity QED and quantum computa-
tions, the Rydberg states with high n > 80 have not been
investigated in detail, partly because of the difficulty in
selectively detecting a particular state from many close-

lying states[2].
   We here investigated the time evolution of highly ex-
cited Rydberg states in Rb ( 98 � n � 150) under pulsed
electric field in high slew rate regime[3].  Thermal
atomic beam of Rb is introduced into the laser interaction
region where the Rb atoms are excited to  a highly ex-
cited Rydberg state via the two-step laser excitation pro-
cess from the ground 5s1/2 state through the second ex-
cited 5p3/2 state. The excited Rydberg state is then fed to
the field ionization region, 40 mm apart from the laser
interaction region, and ionized with a pulsed electric
field  in high slew rate regime. The resulting electrons
liberated with the field ionization process are detected
with a channel electron multiplier. All the data acquisi-
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tion and analyses were performed on-line as well as off-
line with a LabVIEW DAQ system.
   In Fig. 1 shown is typical field ionization spectra of
111s,111p, and 109d states: The upper part shows the
originally obtained raw spectra, while the lower part rep-
resents the resulting spectra by taking derivative of the
above raw spectra.   Fig. 2 shows the comparison of the
spectral change of the s and p states with varying slew
rate, where the spectra of these states taken indepen-
dently were superimposed to each other.  These spectra
show clearly that the field ionization for both the s and p
states has a single threshold, which does not vary con-
tinuously but change discretely with the slew rate ap-
plied.  Note also that this slew rate dependence is quite
different for the s and p states: For example, the s state
threshold value is 5.2 V/cm at the slew rate of 11 V/(cm
�s), while that of the p state is 1.7 V/cm, almost 200%
difference. This is to be compared to the case of the
purely adiabatic transition process at which the expected
difference is only 5 %.

Figure 1.  Typical field ionization spectra of s, p and d states.

Figure 2. Slew rate dependence of the field ionization thresh-
old for the 111s and 111p states.

Figure 3.  Dependence of the field ionization threshold values
and the slew rate on the principal quantum number n*.

  This transitional behavior observed for the first time
here has also quite regular n dependence as shown in Fig.
3 where the threshold field and the corresponding slew
rate are plotted as a function of the effective principal
quantum number n*.   This regular dependence thus indi-
cates that the transitional behavior is quite general and
strongly suggests that the coherent interference effects in
the time evolution play the decisive role to the field ion-
ization processes.  Also the experimental results show
that the transitional behavior of the low l states depends
on the position relative to the adjacent manifold and the
stringently selective ionization are applicable for a wide
range of highly excited Rydberg states, thus opening a
quite effective way to utilize such highly excited
Rydberg states for the investigations of and applications
to fundamental physics research. One of the interesting
application for such selective field ionization is a realiza-
tion of ultra low noise microwave detector in which a
single microwave photon is detected one by one with the
Rydberg atoms in a well cooled cavity: This is one of the
underlying aim of the present study and such a detector
was developed and is being utilized to search for dark
matter axions in our galactic halo[4].
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RESEARCH FACILITY OF NUCLEIC ACIDS

Scope of research
The following is the current major activities of this facility.
With emphasis on regulatory mechanisms of gene expression in higher organisms, the research activity has been focused
on analysis of signal structures at the regulatory regions of transcriptional initiation and of molecular mechanisms in-
volved in post-transcriptional modification by the use of eukaryotic systems appropriate for analysis.  As of December
1994, studies are concentrated on the molecular mechanism of RNA editing in mitochondria of kinetoplastids.
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Purification of Terminal Uridylyltransferase from

the Crithidia Kinetoplast-Mitochondrion

Hiroyuki Sugisaki

Terminal uridylyltransferase is a candidate responsible for a post-transcriptional RNA editing process
of mitochondrial transcripts in kinetoplastid protozoans. The activity was solubilized by detergent lysis
of mitochondria of Crithidia fasciculata isolated by the Renografin density gradient floatation centrifu-
gation, and the enzyme was partially purified using chromatography on phosphocellulose, DEAE-cellu-
lose and Sephadex G200 columns.  The major activity of the purified enzyme was to add more than 30
uridylates to the 3’-OH end of guide RNA molecules, required magnesium cations and acted in a UTP
dependent manner.

Keywords: kinetoplastid protozoan/ RNA editing / guide RNA

Several species of mitochondrial mRNA in
kinetoplastid protozoans such as Crithidia, Leishmania,
and Trypanosoma are extensively edited after transcrip-
tion.  The location of editing domains, number of editing
sites within a single domain and number of uridine (U)
residues to be added or deleted at each editing site are
very specific to individual mRNA.  As to the mechanism
of RNA editing, a model that small RNA, named guide
RNA (gRNA), specify the sequence alternation has been
proposed, based on the finding that the intergenic re-
gions of maxicircle contain some sequences that can pair
with edited mRNA sequences if G:U pairs are allowed.
This model was experimentally supported by detection
of small RNA species with poly(U) tails that can hybrid-
ized to the corresponding regions of the maxicircles and
minicircles[1, 2].

In the current model of the editing pathway, the

gRNA also serves as the U donor for the editing process
via the poly(U) tails of gRNA molecules.  This model,
which draws analogies from RNA splicing, proposes that
editing occurs through multiple rounds of trans-esterifi-
cation which predicts mRNA-gRNA chimeric molecules
as the reaction intermediates.  Such chimeric RNAs
could also be formed by a mechanism that utilizes endo-
nuclease and RNA ligase.  Both chimeric models pro-
pose that the role of uridylyltransferase (TUTase) activ-
ity is to add the non-coded poly(U) tails to the gRNAs.
In the enzyme cascade model, on the other hand, TUTase
would be also responsible for uridylate addition to the
liberated 3’ end in the editing sites which was generated
by specific endonuclease for the editing reaction[1, 2].
To examine the function of TUTase in the editing reac-
tion, I first attempted to purify the enzyme.

For assaying TUTase activity, enzyme fraction was
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Figure 1.  (A) The sequence of Cyb-I gRNA.  Below the sequence of the structural gene for Cyb-I gRNA downstream of the
promoter for SP6 RNA polymerase in pKS920, the sequence of the transcript on the DraI-digested plasmid is shown.  (B) Purifica-
tion procedures of TUTase from purified mitochondria of C. fasciculata.  (C) Identification of proteins interacted with 32P-labelled
Cyb-I gRNA by the UV irradiation method.  32P-labelled Cyb-I gRNA was incubated with the Sephadex G-200 fraction (lane 2).
After UV irradiation, the reaction mixture was digested with RNase A and subjected to SDS-PAGE.  Lane 1 is of no enzyme
fraction control.  The Sephadex G-200 fraction was resolved by gradient SDS-PAGE (10-20%), and stained with Coomasie Bril-
liant Blue (lane 3).  By the side of the marker lane (lane 4), molecular weights (x103) of marker are given.

incubated in the reaction mixture containing 0.02M Tris-
HCl, pH 7.9, 0.1mM EDTA, 1mM DTT and0.05mM
UTP in the presence of 32P-labelled gRNA (Cyb-I
gRNA).  The gRNA was synthesized in vitro on DraI-
digested pKS920 carrying the promoter for SP6 RNA
polymerase and the structural gene for gRNA respon-
sible for the RNA editing process on the 5’-terminal re-
gion of the transcript of the apocytochrome b cryptogene
in the presence of (�32P)UTP (Figure 1A).  The reaction
mixtures were electrophoresed on a polyacrylamide-urea
gel and the activity for transfer of uridylates from UTP to
the 3’-OH end of the RNA was determined.

Crithidia cells were grown in the brain heart infusion
medium containing hemin.  After treated with digitonin,
the cells were disrupted in a Polytron.  The kinetoplast-
mitochondrial fraction was isolated by Renografin
isopycnic floatation centrifugation, lysed in 0.05M Tris-
HCl, pH7.5, 0.1mM EDTA and 1mM DTT containing
0.3% Triton X-100 and centrifuged for 30 min at
100,000xg.  The procedures to purify TUTase from the
S100 fraction are summarized in Figure 1B.

The Sephadex G200 fraction showed a major band at
43kDa in molecular weight and a few faint bands at 50,
75, and 100 kDa in SDS-polyacrylamide gel electro-

phoresis (SDS-PAGE) (Figure 1C, lane 3).  TUTase cer-
tainly recognizes the 3’-OH end of gRNA.  To identify
the molecular weight of TUTase, the enzyme fraction
was incubated with 32P-labelled Cyb-I gRNA to form the
TUTase-gRNA complexes.  After UV irradiation to form
the covalent linkage between TUTase and gRNA in the
complexes, the reaction mixtures were digested with
RNase, and subjected to SDS-PAGE.  The result of
analysis is shown in Figure 1C, lanes 1 and 2.  The 43
kDa protein was mainly labelled with 32P and the 50 kDa
protein was faintly labelled.  Therefore, the 43 kDa or 50
kDa protein would be TUTase or a subunit of TUTase
which interacted with 3’-OH of gRNA.  The major activ-
ity of the purified enzyme was to add more than 30
uridylates to the 3’-OH end of gRNA molecules,
requireed magnesium cations and acted in a UTP depen-
dent manner.
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Supervisor: Kohjiya S
23 March 2000

SUGA, Takeo
D Sc, Kyoto University
“Crystal Structures, Orientations and UV-Vis-spetra of
Non-planar Phthalocyanines Complexes Thin Films”
Supervisor: Professor Kobayashi T
23 March 2000

SUZUKI, Chikashi
D Sc, Kyoto University
“Kidorui-Kagoubutsu wo tyusin to suru Fukanzen-
kakubussitsu no NaikakuKuukouDensiJoutai”
Supervisor: Mukoyama T
23 March 2000

TANAKA, Toru
D Eng, Kyoto University
“Studies on Synthesis and Properties of Novel
Hydrocarbons Containing Fullerene Frameworks”
Supervisor: Professor Komatsu K
23 March 2000

TOSAKA, Masatoshi
D Eng, Kyoto University
“Structural Study on Polymer Crystals by Cryogenic High-
Resolution Transmission Electron Microscopy”
Supervisor: Kohjiya S
24 January 2000
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VLAICU, A. Mihai
D Sc, Kyoto University
“X-ray spectroscopic research of 74W L emission spectra
and satellite”
Supervisor: Mukoyama T
23 March 2000

YAMADA, Takahiro
D Sci. Kyoto University
“Synthesis and magnetic properties of cupric oxides
containing Spin-1/2 quantum antiferromagnetic chains”
Supervisor: Takano M
23 March 2000

YAMAMOTO, Shinpei
D Eng, Kyoto University
“Structural Control and Physical Properties of Polymer
Assemblies at Interfaces”
Supervisor: Miyamoto T.
23 March 2000

SHIMIZU, Bun-ichi
D Agr, Kyoto University
Study on Disease Resistance in Plants Induced by
Fusarium spp.
Supervisor: Proffesor Ueno T
24 July 2000

YAMAGUCHI, Tsuyoshi
D Sci, Kyoto University
“Studies on the microscopic fluctuation and dissipation
in fluids at various densities”
Supervisor: Professor Nakahara M

24 July 2000

ITOH, Fumio
D Pharm Sci, Kyoto University
“Studies on Action Mechanism of Pyrro 2,3-d Pyrimidine-
Type Antifolates and Creation of Non-Glutamate-Type
Antifolates”
Supervisor: Professor Sugiura Y
25 September 2000

OKUNO, Yasushi
D Pharm Sci, Kyoto University
“Studies on Apoprotein/DNA Recognition and Reaction
Mechanism of  Ant i tumor  Ant ib io t ic  C-1027
Chromophore”
Supervisor: Professor Sugiura Y
25 September 2000

SHIGETO, Kunji
D Sc, Kyoto University
“Magnetization Switching Phenomena in a Single
M a g n e t i c  S u b m i c r o n - W i r e  U s i n g  G i a n t
Magnetoresistance Effect”
Supervisor: Shinjo T
25 September 2000

INOUE, Makoto
D Agr, Kyoto University
Synthesis and Characterization of Mechanism-Based
Inhibitors of �-Glutamyl Amide Bond Formating/Cleaving
Enzymes
Supervisor: Proffesor Sakata K
24 November 2000
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Early Retirement

Professor Sho Takahashi
(Biopolymer Structure, Molecular Biology
and Information)

   On the 31st of March, 1999, Dr. Sho Takahashi retired
from Kyoto University after 29 years of service to the
University and, on the 6th of July, 1999, was honored
with the title of Professor Emeritus of Kyoto University.
   Dr. Takahashi was born in Hyogo on the 22nd of July,
1936.  After graduation from Department of Chemistry,
Faculty of Science, Nagoya University in 1958, he
continued his studies as a graduate student on the structural
determination of physiologically active natural products.
In 1963 he finished the course and was appointed an
instructor of the Department of Physics, Faculty of
Science, Nagoya University.  He was granted a doctoral
degree from Nagoya University in 1963 for his study on
the determination of the structure of tetrodotoxin.  On a
leave of absence in the year 1967 to 1970, he stayed at
the Laboratory of Chemistry, National Institute of Arthritis
and Metabolic Diseases, National Institutes of Health, and
studied with Dr. Louis A. Cohen a reductive conversion
of protein N-terminal pyroglutamate into prolyl residue
and a correlation between stretching vibration frequencies
of ester carbonyls and the component alcohol pKa.
  In 1970, he moved to the laboratory that was directed
by Professor Tatsuo Ooi, Institute of Chemical Research,
Kyoto University, and was promoted to Associate
Professor in 1972.  In 1989, he was appointed full
Professor of Kyoto University and directed the Laboratory
of Physical Chemistry of Enzyme (presently Biopolymer
Structure, Division of Molecular Biology and
Information).  At the Graduate School of Science, Kyoto
University, he gave lectures on biopolymers and physical

chemistry of protein, and supervised the dissertation works
of graduate students.
   During the past three decades, although his research
interest comprised a wide variety of subjects, the approach
of the way was a consistent use of synthetic peptides as a
tool.  Secondary structures are fundamental structural units
in protein structure and the stability of secondary structure
mostly determines protein structure.  Synthetic
polypeptides had been considered a straightforward model
system to the study of protein secondary structures, but
the lack of adequate synthetic methods limited the use to
polypeptides having random amino acid sequences.  Dr.
Takahashi’s works on regular copolypeptides having
definite amino acid sequence pioneered the way to the
synthesis of the required polymers and their application
to the study.   Block polypeptides, which were synthesized
by a sophisticated method with fragment coupling on a
solid-phase support, enabled him to study the local
stability resided inside an �-helix.  In the last ten years
his interest was focused on interaction between peptides
and biomembranes and discovered peptide-induced
membrane fusion.  Necessary conditions of peptide to
trigger the fusion have been extensively studied.
   He also developed practically useful analytical methods
for biochemistry: such as a ninhydrin reagent for an amino
acid analyzer and fluorescent rotors, which are now
commercially available.
   His contribution to the Institute through both academic
and administrative activities is hereby gratefully
acknowledged.
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Early Retirement

Professor Takeaki Miyamoto
(Polymeric Materials, Organic Materials
Chemistry)

   On the 31st of March, 2000, Dr. Takeaki Miyamoto re-
tired from Kyoto University, one year earlier than ex-
pected, and moved to his new assignment, the Principal
of Matsue National College of Technology. He had served
the University for 31 years and was honored with the title
of Professor Emeritus of Kyoto University in April, 2000.
   Dr. Miyamoto was born in Manchuria, China on the
3rd of April, 1937.  After graduation from the Depart-
ment of Fiber Chemistry, Faculty of Engineering, Kyoto
University in 1962, he continued his studies on polymer
chemistry as a graduate student for two years.  After 4
years of service to Nittobo Co. Ltd., he returned to the
University to be appointed Instructor of the Laboratory
of Polymer Properties headed by Professor H. Inagaki
(present Professor Emeritus), at the Institute for Chemi-
cal Research, Kyoto University in 1968, where he was
promoted to Associate Professor in 1976 and to full Pro-
fessor in 1988, a position he held until retirement.  In the
meantime, he was granted in 1967 a doctoral degree from
the Faculty of Engineering, Kyoto University for his stud-
ies on “Unperturbed Dimensions, Conformations & Steric
Isomerisms of Polymer Chains”.  On leave from the Uni-
versity, he made a stay in Freiburg University, (West)
Germany in the years 1967 and 1968 to work on func-
tional polymers in collaboration with Professor H.-J.
Cantow.  From the 1st of April, 1994 to the 31st of March,
1996, he was appointed Director of the Institute and made
quite a few important contributions not only to the Insti-
tute but also to the University.
   Dr. Miyamoto devoted himself to the Society of Fiber
Science and Technology, Japan as President for the years
1995 and 1996, and to the Cellulose Society as President
for the years 1997 and 1998.  In 2000, he was awarded by
each of these Societies for his distinguished services to
them.  He made no less contributions to the promotion of

international collaboration in polymer science, in particu-
lar with Germany and China.  He was chair or a member
of organizing committee in a number of international sci-
entific conferences/symposiums.
   During the past 40 years, Dr. Miyamoto’s research in-
terest encompassed a wide array of the sciences of func-
tional polymers and fiber materials.  His scientific life
started with the synthesis and solution-property study of
block copolymers and the characterization of polymers
by  th in  l aye r  ch roma tography  and  va r ious
spectoroscopies.  With a number of achievements in these
fundamental fields of polymer science, his interest was
directed to polymer materials in general, above all, to
naturally occurring polymers.  He established a method
to characterize the second-order structure of wool keratin
by circular dichroic spectroscopy, with which he suc-
ceeded in disclosing details of the ��� transition of the
component protein.  He was the first to perform a de-
tailed study on the interactions between wool keratin and
metal ions by means of gel chromatography.  This funda-
mental work led him to develop waste wool-based new
materials like a heavy-metal adsorbent and a cosmetic
substrate.  He is also known as a distinguished cellulose
scientist, in particular for his studies on the characteriza-
tion of the substituent distributions along the chain in
cellulose derivatives, and the effects of these distributions
on their physical and physicochemical properties.  He also
developed systematic work to elucidate the relationships
between the molecular structure and liquid crystallinity
in cellulose derivatives.  For his brilliant achievements,
he was awarded in 1983 the Prize of Fiber Science and
Technology, Japan.
   With his extraordinary ability of planning, vitality, and
characters to attract people, he will continue to make a
great job in his new position, too.
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Retirement

Professor Takashi Kobayashi
(Crystal Information Analysis, States and
Structure)

On the 31st of March 2001, Dr. Takashi Kobayashi
retired from Kyoto University after his 35 years’ service
at Kyoto University. The title of Emeritus Professor was
granted to him by the University on the following day.

After graduating from the Faculty of Science, Kyoto
University, with his major in chemistry in March 1962,
he started his study on powdery organic crystals under
the supervision of the late Professor Eiji Suito.  He re-
ceived a doctor of science degree from Kyoto University
for his study on phthalocyanine complexes using infra-
red spectroscopy in 1970.

Dr. Kobayashi was appointed an Instructor at the Labo-
ratory of Powder Chemistry, Institute for Chemical Re-
search, Kyoto University in 1966 and an associate pro-
fessor in 1984. In these years, he made a sabbatical at the
University of Münster, Germany, as an Alexander von
Humboldt Stipendiat and worked on electron radiation
damage in co-operation with Professor Ludwig Reimer
for two years. He was promoted to a full professor of the
Institute in 1988 to direct the Laboratory of Powder Chem-
istry (the present name, Crystal Information Analysis).
During these years, he made many distinguished studies
on organic crystals, especially by the high resolution elec-
tron microscopy, the fast electron energy-loss spectros-
copy and the energy filtered imaging. In particular, the
lattice defects in organic crystals, polymorphic and
psedomorphic structures at interfaces and the epitaxy of
organic molecules were analyzed in detail by the electron
microscopic methods. He established multi-beam imag-

ing in high-resolution electron microscopy. So as to real-
ize an 0.1 nm resolution, he has made many contribu-
tions to the foundation of the 1000kV high resolution elec-
tron spectromicroscope having a twin-tank system with
the Emeritus Professor Natsu Uyeda. For his excellent
achievements, the Japanese Society for Electron Micros-
copy awarded him twice the prizes in 1988 and in 1998
on his studies of lattice defects in organic crystals by di-
rect molecular imaging and of electron energy-loss spec-
troscopy, respectively.

Dr. Kobayashi contributed toward various scientific
meetings and international congresses as an executive
committee member. He served as a member of the board
of directors in the Japanese Society for Electron Micros-
copy. He also served as a member of the editorial board
in some international scientific journals; Journal of Por-
phyrins and Phthalocyanines, Journal of Electron Micros-
copy, and Advances in Polymer Science.

Dr. Kobayashi has given lectures on crystal chemistry
since 1984 at the Graduate School of Science, Kyoto Uni-
versity and was charged with supervising dissertation
works of many graduate students. He has been a visiting
lecturer at several universities such as Tokyo Institute of
Technology and Okayama University.

Because of his sincere, thoughtful and warm personal-
ity, Dr. Kobayashi wins the respect of all who come in
contact with him. His contribution to the Institute through
both academic and administrative activities is gratefully
acknowledged.
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Award

Professor Teruya Shinjo
(Artificial Lattice Alloys, Solid State Chemistry)

Dr. Teruya Shinjo, Professor of Kyoto University, was
awarded a Purple Ribbon Medal (Shijuhosho) in Novem-
ber 2000.

Dr. Teruya Shinjo was born in Kyoto Prefecture on
August 18, 1938.  He graduated from Faculty of Science,
Kyoto University in 1961.  He studied the magnetic prop-
erties of iron oxide particles by Mössbauer spectroscopy
in the Graduate School of Science, Kyoto University un-
der the supervision of Professor H.Takaki.  He finished
the Doctor Course of Chemistry and received the Doctor
Degree of Science in 1966.

He started his academic carrier as an instructor of In-
stitute for Chemical Research, Kyoto University in 1966
with the late Professor T.Takada. In 1976, he was pro-
moted to an associate professor and since 1982, he has
directed the Laboratory of Solid State Chemistry, Insti-
tute for Chemical Research as a full professor.  During
1996-1998, he served as the Director of Institute for
Chemical Research.  At the Graduate School of Science,
Kyoto University, he gave lectures on the properties of
magnetic materials and supervised the dissertation works
of many graduate students.

During his academic carrier, Prof. Shinjo has exten-
sively investigated the properties of magnetic thin films.
The keywords of his investigation may be “Mössbauer
spectroscopy” and “giant magnetoresistance effect”.  He
investigated the surface/interface magnetic properties of
ferromagnetic metals such as iron and cobalt with 57Co
and 57Fe Mössbauer probes.  These studies are now rec-
ognized as pioneering works in surface/interface magne-

tism.  The studies on surface/interface magnetism were
developed to the production of metallic multilayer films
with artificial stacking structures of nanometer scale.  The
artificially structured metallic multilayers are novel alloy
systems which may potentially have various useful prop-
erties.  He discovered a non-coupling type giant magne-
toresistance (GMR) effect in NiFe/Cu/Co/Cu multilayer
systems.  His discovery stimulated the development of
read head devices of magnetic recordings.  Nowadays the
GMR heads are widely used in the hard disks of comput-
ers.  Recently he started new researches of nano-scale
magnetism.  The GMR effect is utilized to detect the mag-
netization reversal of narrow magnetic wires.  In the sub-
micron-size magnetic dots, he successfully observed the
turned-up magnetization spot in the center of the mag-
netic vortex structure by magnetic force microscope.  Such
a magnetic structure was theoretically predicted long time
ago, but has never been observed by experiments.  For
his long-term studies on the properties of magnetic films
including the discovery of the non-coupling type GMR
effect, he was awarded the Prize of the Magnetic Society
of Japan in 1991 and 1998, and the Prize of the Japan
Society of the Applied Physics in 1993.

It is worth referring to his international activities in
the academic society.  He is one of the Japanese represen-
tatives of International Board on the Application of the
Mössbauer Effect for many years, and an international
committee member of the International Colloquium on
Magnetic Films and Surfaces and served as the chair.
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Awards

Yukio Sugiura (Professor)
Bioactive Chemistry, BioorganicChemistry

The Pharmaceutical Society of Japan

Award

“Molecular Mechanism for DNA Recogni-
tion and Functional Expression of
Bioactive Molecules”
28 March 2000

Tadashi Inoue (Instructor)
Molecular Rheology, Fundamental Mate-
rial Properties

SRJ Research Award for 1999

“Viscoelasticity and Birefringence of Amor-
phous Polymers in the Glass Transition
Zone”
The Society of Rheology, Japan
18, May, 2000

Ko Mibu (Associate Professor)
Solid State Chemistry, Quantum Spin Flu-
ids

The ICR Award for Young Scientists

“Control of Magnetic Structures using Me-
tallic Multilayers”

Shinpei Yamamoto (JSPS Research Fel-
low)
Polymeric Materials, Organic Materials
Chemistry

The ICR Award for Young Scientists

“Structures and Properties of High-Density
Polymer Brushes”
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