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Front cover

The crystal structure shown on the front cover

represents a ternary inclusion complex of a flavin

coenzyme model compound which was synthesized in

Ohno Laboratory.

In the laboratory, the reaction mechanism and

stereochemistry of redox enzymes have been studied from

the view point of physical organic chemistry.   In 1992

the introduction of an X-ray diffractometer made it

possible to investigate the structure of various coenzyme

model compounds.

By comparing the geometry of a flavin coenzyme

model compound which includes a hydrogen bond in a

crystal with that of the same molecule which does not, it

is possible to simulate geometrical change observed when

an oxidized flavin coenzyme is activated through hydrogen

bonding with apoproteins at the active site.   In the series

of the X-ray crystallographic analyses of these crystals, it

has been confirmed that the included molecule brings a

geometrical change of the flavin skeleton such as the

lengths of conjugated bonds, N(1)-C(10a)-C(4a)-C(5),

participating in redox reaction.   The geometry of a flavin

compound on the oxidized form are brought close to that

of its reduced form through hydrogen bonding at the

pyrimidine ring.   This observation strongly supports the

proposal that the geometry of an oxidized flavin coenzyme

at the active site of the enzyme is distorted into an activated

form through hydrogen bonding with the functional groups

of apoproteins, which is considerably different from that

undistorted.
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In 1998, Japan was hit by its worst economic crisis since the Second World War.  Therefore, it

has been attempted to force through plans to convert large numbers of national research institutes,

and possibly some universities, into semiautonomous corporations or “agencies”, by threatening to

cut the budgets.  On the  other hand, the Earth’s environmental ecology, the cloning of Dolly the

lamb, and endocrine disruptors(chemical compounds suspected of mimicking natural sex hormones)

became high-profile current scientific topics.

This year, a critical review of the research activity, management, and future plans of the ICR is

being carried out by eight external reviewers who are leading authorities in various chemical fields.

The aim of this external review is to provide a basis for extensive development of the ICR. The

Festival of the Uji Campus where includes the Institute of Advanced Energy, the Wood Research

Institute, the Institute for Food Science, the Disaster Prevention Research Institute, and the Radio

Atomospheric Science Center, in addition to the ICR, was held with the theme “Earth Cosmos

Life” on November 20-21, 1998.

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

scientific activities of the ICR.  Currently, 27 full professors, 24 associate professors, and 43

instructors  work in the ICR, and about 230 graduate students study at the ICR.  At the end of

March, 1998, Professor J. Oda of the Laboratory of Functional Molecular Conversion, who has

contributed a great deal  to the development  of the ICR, retired from the ICR and was appointed to

a Professorship  at Fukui Prefectural University, His successor is Professor K.Sakata from Shizuoka

University.  Dr. K. Yamada has been promoted from Associate Professor of Tohoku University to

Full Professor  in the Laboratory of Artificial Lattice Compounds in the ICR.  Associate Professor,

S. Kakigi, of the Laboratory of Particle and Photon Beams,  also retired.  We have appointed Drs. T.

Kawabata, Y. Iwashita and T. Terashima as Associate Professor of the ICR.  The two-year term of

Director finished for Professor T.Shinjo in March.  Since April, I have served as the Director for the

ICR, as this successor.

Finally, I would like to congratulate Professor K. Fuji for the Pharmaceutical Society of Japan

Award, and Professor K. Komatsu for the Divisional Award of the Chemical Society of Japan.  In

addition, the Pharmaceutical Society of a Award for Young Scientists was awarded to Associate

Professor S. Fukaki, whom I would like to congratulate.

                January, 1999

Yukio Sugiura

 DIRECTOR
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Electronic Structures of TiN and TiC
—— Extension of

Molecular Orbital Method into Crystals

Hirohide Nakamatsu, 
†1

Bin Song, 
†2

Rika Sekine, 
†3

Kazuo Taniguchi and
Takeshi Mukoyama

Density of states and theoretical X-ray emission spectra for the valence bands of TiN and TiC are obtained with

a molecular orbital method.  To describe electronic structures of crystals, local clusters for the molecular orbital

calculations are extended, including the effects from the outside of the cluster in the crystal. The theoretical

results are in good agreement with the experimental ones.

Keywords : molecular orbital/ TiN/ TiC/ electronic structure/ extended cluster model/ X-ray emission spectra

X-ray spectroscopy is one of the most powerful
tools for elucidating electronic structures of substances.
Valence band structures are studied with X-ray photo-
electron spectra (XPS) and X-ray emission spectra (XES).
XPS reflects density of states (DOS), while XES reflects
partial density of state.  According to the dipole selection
rule on the radiative transition, K X-ray emission reflects
p components and L

3
 X-ray emission corresponds to s

and d components.  Therefore, detailed valence band
structures are clarified by observing both spectra.

Fischer provided a diagram suitable to understand
the relation among the X-ray emission spectra for various
inner shell excitations[1].  The molecular orbital levels
were shown to explain this relation.  However, his and
the followers' model clusters used to represent solids in
the molecular orbital framework were insufficient to make

STATES AND STRUCTURES  — Atomic and Molecular Physics —

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.
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direct and quantitative comparison with the experimental
results.

Molecular orbital methods provide an atomic view
of materials and are, therefore, useful to get valuable
insight about understanding electronic structures and
designing materials.  They can be also applied to widely
extended systems such as solid states.

XES for TiN and TiC have been discussed with
cluster calculations though the theoretical spectra were
not satisfactory.  The simplest TiX

6
n- (X=C or N) model

cluster is still used to interpret the origins of the peaks in
XES.  Gubanov et al. [2] interpreted the XES spectra of
these compounds with molecular orbital calculations.  But
in the Ti L

3
 spectrum for TiN, the calculated peak intensity

ratios were strikingly different from the experimental
ones.   His theoretical spectra could not explain bands at
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high energy parts of the spectra.  He stated that the
discrepancies of the uppermost bands for TiN could arise
from defect structures in the crystal.

The simple TiX
6
n- cluster has a sudden change of

bonding environment at the periphery and causes peculiar
charge distribution different from the actual crystal.  In
the present work, to provide theoretical spectra of high
quality, an extended cluster model is developed.  These
clusters can improve the periphery of clusters and the
electroneutrality in the stoichiometric composition of
crystals.  Furthermore, to make a precise comparison, Ti
L

3
 XES for TiN and TiC are measured, using the

synchrotron radiation.
We take a way that the environment around the

cluster is involved in the energy matrix for the cluster.
Explanation of this matrix is shown in Fig. 1, where the
matrix elements for a cluster include the contributions
from outside of the cluster in the crystal.  The cluster is
embedded in ambient potentials which are duplicated from
the potentials of the central atoms.  Pseudopotentials are
placed upon these potentials so that the wave functions of
the embedded cluster feel the exclusive character of the
wave functions of the ambient atoms.  The electro-
neutrality of the Ti-X stoichiometric pair is achieved by
varying the depth of the pseudopotentials.  This procedure
reduces the change of the chemical potential of electrons
at the ends of the embedded cluster.  The electroneutrality
is the postulate in this method to connect the cluster
smoothly to the environment.

X-ray emission probability was obtained in the
dipole approximation.   Intensities for three kinds of the
Ti atoms in the cluster were summed up to evaluate all
the forms of the wavefunctions in the cluster.  This
summation corresponds to collecting the different
momenta of the wavefunctions.  To generate the theoretical
spectra, a Lorentzian curve was placed at each
eigenenergy.

The theoretical DOS and XES obtained are
compared with the experimental spectra and the relation
among the spectra is illustrated.  The theoretical valence

DOS and XES for TiN are plotted in Fig. 2 and the
experimental spectra are in Fig. 3.  The spectra for TiC
are not shown here for the limit of space.  The experi-
mental spectra were arranged, referring to the ionization
energies of the corresponding initial levels of the
excitations.  This means the ionization energy for the
valence band is plotted for the experimental spectra.
Consequently, we have arranged the different XES on
the same ground.

For TiN, the theoretical XES in Fig. 2 agree well
in shape and position with the experimental spectra of
the Ti L

3
, Ti K and N K XES shown in Fig. 3.  The present

theoretical spectra have the uppermost peaks marked with
Kß

5
I and KI in the Ti K and N K XES, which could not be

explained with the simplest cluster TiX
6
n- calculations.

The calculated peak intensities for Ti L
3
, Ti K and N K

are also in good agreement with the corresponding
experimental ones.

Our original papers[5,6] present details of valence
electronic structures and covalent interaction between the
metal and non-metal atoms for TiN, TiC and TiO

2
.
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Figure 2.  Theoretical DOS and
XES for TiN.

Figure 3.  Experimental photoelectron spectra
[3], Ti L

3
, Ti K and N K XES [4] for TiN.
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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 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 development on high
resolution energy filtered imaging as well as electron energy-loss spectroscopy.
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Since Wegner has demonstrated in 1969 that solid-
state polymerization of diacetylenes can be characterized
as a diffusionless and lattice controlled process[1], many
solid-state reactions in diacetylene derivatives have been
examined on their unique features[2,3]. As for 1,6-di(N-
carbazolyl)-2,4-hexadiyne (hereafter abbreviated
DCHD), Enkelmann et al.[4] has reported in 1977 that
DCHD monomer crystals can be topochemically poly-
merized by heat treatment or γ-irradiation. In the present
study, the high resolution electron microscopic work was
performed by cooling the specimen at a low temperature
with a cryo-specimen-holder and employing a minimum
electron irradiation system for image recording. The
structural correlation of thin poly-DCHD film with the
monomer film grown epitaxially on a substrate are exam-
ined by high resolution imaging to elucidate the poly-
merization process.

A small amount of the DCHD powder was heated and

sublimed on KCl substrate at 50°C in the vacuum of
5×10-5 Pa. The polymerization of DCHD was carried out
by heating at 150°C in a nitrogen atomosphere.

A high resolution image of polymer crystal obtained
by heating a monomer film on the KCl substrate at 150
°C for 5 h is shown in Fig.1(a). The high resolution im-
age shows a part of a needle-like crystal. At inner part of
the crystal (the right part of the image), lattice fringes of
0.43nm are observed along two directions. The angle be-
tween these lattice fringes is about 59° and the angle of
the fringe with the b-axis is about 60°, which agrees well
with values calculated from the polymer crystal,  assum-
ing that the lattice fringes come from the (1 1 1)- and (1
1 1)-planes. The area, therefore, can be assigned as a
projection of polymer crystal along the [1 01]. At the
edge of the crystal, lattice fringes of 0.83nm are running
along the b-axis, which corresponds to the spacings of (0
0 2). This lattice plane could not satisfy the Bragg condi-

Assoc Instr
MORIGUCHI,

Sakumi

Polymerization Process of 1,6-di(N-carbazolyl)-2,4-hexadiyne
Epitaxially Grown Films Studied by Cryo-TEM

Noboru Kawase, Seiji Isoda, Hiroki Kurata, Tetsuya Ogawa  and Takashi Kobayashi

Thin films of 1,6-di(N-carbazolyl)-2,4-hexadiyne (DCHD) grown epitaxially on (0 0 1) surface of KCl
through vacuum-deposition were examined on their polymerization process induced by heat treatment.
The structural changes due to polymerization in the films were investigated by electron diffraction and
high resolution (HREM) cryo-TEM.

Keywords: 1,6-di(N-carbazolyl)-2,4-hexadiyne / polymerization process / low temperature high
resolution imaging
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Figure 1. High resolution image of fully polymerised film by
thermal treatment for 5 h at 150°C, where the vertical arrows

indicate the crystal edge.

tion if the polymerization of monomer crystal occurs
topochemically. When the poly-DCHD changes its ori-
entation from the topochemical one by rotating about 28°
around the b-axis, the (002) lattice fringes become ob-
servable in HREM. The poly-DCHD crystals seem to
grow in many cases by changing drastically their orienta-
tion at the crystal edge, because such rotation is needed
probably to relax a stress produced during the polymer-
ization. In addition to this orientation change, crystal dis-
tortion is observed at the edges indicated by the two
black arrowheads in Fig.1(a). This distortion may be in-
troduced by collision of two growing polymer crystals
from the opposite sides along the b-axis. Thus the DCHD
molecules change their orientation, especially at the
crystal edge where it is easy to expand the volume and to
change orientation.

 To examine the process of polymerization, it is neces-
sary to observe intermediate stages of the polymeriza-
tion. A high resolution image at such intermediate stage
of polymerization is shown in Fig.2(a) as a projection
nearly along [1 01] axis of polymer. Various lattice
fringes having different spacings can be found in the
crystal, which are corresponding to those of (202). From
this micrograph it becomes clear that the polymer and the
monomer crystallites coexist as small domains in par-
tially polymerized crystal. The regions of d ~ f and h
show intermediate lattice spacings between those of
monomer and polymer, so that these regions are consid-
ered to be a mixed crystal or a solid solution of monomer
and polymer molecules. Since all values of lattice spac-
ings observed in the image are between those of (202)-
spacings of monomer and polymer crystals, it can be
concluded that various transient states of crystal structure
coexist at microscopic level in partially polymerized
crystal. This result supports the previous X-ray study on
bulk specimen[5], and gives new information. That is,
the transient state is an aggregation of very small crystal-

lites having slightly different lattice spacings in the
needle-like crystal which was originally a single crystal
of monomer. In addition to this, it is interesting that the
almost polymerized region i is found at a crystal edge
indicated by the wide white arrow, where the monomer
crystal was ended along the b-axis. On the other hand, at
the inner parts of the crystal, polymerization did not start
or did not complete as indicated by the lattice fringes
with different spacings in the figure. Then the thermal
polymerization could start from such a defect at crystal
edge. As polymerization proceeds, the small domains of
solid-solution may coalesce coherently each other along
the chain axis, resulting in a large fibrous domain as ob-
served in Fig.1.

Finally the large domain at edges of needle-like crys-
tal,  considered to be a domain fully polymerized at an
early stage, may change its orientation drastically, prob-
ably to relax a stress produced by polymerization at inner
part of the crystal.

References
1. Wegner, G.: Z. Natur. Teil B, 24, 824 (1969).

2. Baughman, R. H.: J. Appl. Phys. 43, 4362 (1972).

3. Yee, K. C.: J. Polym. Sci., Polym. Phys. Ed. 16, 431 (1978).

4. Enkelmann, V. and Wegner, G. et al.: Chem. Phys. Lett. 52,

314 (1977).

5. Enkelmann, V. and Leyrer, R. J. et al.: J. Mater. Sci. 15, 168

(1980).

Figure 2. (a) High resolution image of partially polymerised
film  for 3 min at 150°C. (b) Schematic illustration correspond-

ing to (a).
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Deformation Behavior of Extruded Blown Film of
High Density Polyethylene

Deformation behavior of extruded blown film of polyetylene, which contains oriented lamellae normal
to the extruded direction (MD), is investigated by scanning electron microscope and X-ray scattering
techniques.  Type of structural change in deformation process strongly depends on angle between
stretching direction and MD.  A structural model is proposed to explain the experimental results system-
atically.

Keywords : High density polyethylene /  Extruded blown film/  Deformation / SEM/ X-ray diffraction

Syozo Murakami, Kenji Urayama and Shinzo Kohjiya

STATES AND STRUCTURES   — Polymer Condensed States —

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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Deformation process of semi-crystalline polymers is
strongly influenced by temperature and orientation of crystal-
line lamellae with respect to deformation direction. Aims of
this study are to clarify mechanisms for unfolding of polymer
chains, and to elucidate change from lamellar structure to fiber
structure in deformation process. Extruded blown (EB) film of
high density polyethylene (HD-PE) contains oriented crystal-
line lamellae, where polymer chains are parallel to extruded di-
rection (MD:machine direction) and they are folding in
ca.18nm thickness. In other words, the lamellae are originally
oriented in direction normal to the extrusion direction
(TD:transverse direction). There have been many investiga-
tions concerning deformation behavior of polyethylene [1,2].
In these studies, the stretching direction was perpendicular to
original orientation of polymer chains.  In this study, stretching
of the EB film of HD-PE in various directions (involving paral-
lel one to MD) is conducted, and the structural changes during
the deformations are studied by X-ray scattering measurements
and scanning electron microscopy (SEM).

HD-PE (Sholex 6009) was melted at 180oC and extruded
from a circular orifice into air. Crystallization proceeded under
elongation stress by drawing ratio of about 56 times.  From the
resultant films, specimens for mechanical and X-ray measure-
ments were cut to obtain strips in various directions to MD.
After the measurements, specimens were treated with fuming
nitric acid for SEM observations (HITACHI S-310).

SEM observation shows that these films feature ordered
stacking of untwisted lamellar crystals normal to MD (Fig.1).
The thickness of a lamellar observed in SEM was about 100nm,
while that from long period based on two-point diagram in
SAXS pattern was about 18nm ((a) in Fig.1). These results sug-
gest 5-6 sheets of folding of chain. Recently, we observed a
lamella of about 18nm in AFM [3] in accord with the SAXS
result. Stress-strain (S-S) curves are found to be much different
per elongation direction. In the elongation along TD, the stress
suddenly decreased when the film was elongated to the yield
point, and thereafter the necking propagated steadily with a
constant stress value. Optical observation revealed that necking
boundary line was very sharp and perpendicular to elongation
direction (parallel to MD) [4]. These deformation behavior are
well explained by Kobayashi's silk hat model assuming that the
polymer chains are pulled out of lamellae by unfolding [5]. In
the elongation along MD, on the contrary, the film was appar-
ently uniformly elongated without significant decrease of stress
at the yield point. The necking boundary lines appeared at ob-
lique angles about ±50o to MD due to the lamellar slipping, and
gradual increase in number of necking line was observed dur-
ing the drawing. In spite of these necking, shapes of the S-S
curves were smooth, but the micronecking occurred one after
another in many parts over the specimens.

Figure 1 shows a SEM image for EB film in the undeformed
state. "A" in Fig. 1 shows the long connecting line of overlap-
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ping parts of lamellae grown from different nucleus, and they
pile alternatively. Probably, straight chains are assumed to be
interpenetrating into center parts of lamellae (shish parts of
Pennings' shish-kebab [6]) in EB film. Figure 2 indicates a SEM
image for necked EB film drawn parallel to MD.  It is found that
oriented lamellae parallel to elongation direction appear by
elongation instead of "A" in Fig.1.  The parts corresponding to
"A" in Fig. 1 and straight chains are first elongated and then the
lamellae are bended, twisted, or rotated by the stress. By further
stretching, tie molecules or link-fibrils [7] which link between
lamellae are cut and the distance between lamellae is widen and
lamellae orientation is changed to the stretching direction, and
consequently the film is elongated by unfolding same as TD
elongation [8].

Figure 1. SEM of EB film etched with fuming HNO
3
. (a) is

SAXS pattern of two-point diagram showing long period of
about 18nm. (b) shows WAXD pattern with X-ray beam normal
to surface of film.

Figure 2. SEM of necked EB film drawn parallel to MD at
room temp. Inset shows WAXD pattern whose most inner dif-
fraction is 001 monoclinic one.

It was found by time-resolved X-ray diffraction patterns
that the deformations induced phase transformation from
orthorhombic to monoclinic form whose reflection appeared
transiently inside orthorhombic 110 reflection during stretch-
ing at the temperatures below 50oC, as is shown in Fig. 2 [9].
This 001 monoclinic reflection (here b-axis is taken as fiber
axis which is according to Seto et al. [10]) plane corresponds to
orthorhombic 110 one, and the reflection appears in the stretch-
ing parallel to MD. The monoclinic reflection appeared from
just before the onset of necking. However, in the stretching
parallel to TD, monoclinic reflection did not appear. This is
explained by assuming that the phase transformation occurs at
a point of lamellae and no distortions such as bending, twisting
and rotating occur in any other parts of lamellae. It should be
noted that the b-axis is the growing direction of lamellae and
parallel to TD. In the stretching to this direction, the transfor-
mation of lamellar structure to fiber structure appears to occur
via successive unfolding starting from one part of lamellae due
to stress concentration in the film. On the other hand, in the
stretching parallel to MD, the transform appeared at many parts
in specimen accompanied by various types of distortion. Based
on these observations and correlations between structural
changes and stress-strain relations, a structural model for elon-
gation process is newly proposed, which is shown schemati-
cally in Fig.3. The model can explain the experimental results
obtained here, thus elucidating the deformation mechanism of
semi-crystalline polymer films in general. Further investiga-
tions on this model are in progress at our laboratory.

Figure 3. Structure model for chain-unfolding in stretching EB
film.
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Noncatalytic Cannizzaro-type Reaction of

Formaldehyde in Hot Water

Yasuo Tsujino, Chihiro Wakai, Nobuyuki Matubayasi, and Masaru Nakahara

In water at 250 ˚C and 4 MPa, methanol and formic acid are produced from the disproportionation

reaction of formaldehyde without a catalyst, although at mild conditions, this reaction usually occurs in

the presence of a large amount of base catalyst. Formic acid further undergoes the hydride transfer

reaction with formaldehyde, and the final yield of methanol exceeds 50%.

Keywords : Hydrothermal reaction / NMR / C1 chemistry / Formaldehyde / Cannizzaro reaction

     Water in the high-temperature and high-
pressure (HTHP) conditions receives much
attention recently as a novel and clean medium
for chemical reactions of environmental and
industrial importance.  In order to understand
and control a wide variety of organic reactions
in HTHP water, it is important to establish
physical organic chemistry of aqueous solutions
at high temperatures and high pressures.

     Formaldehyde is one of the most important
reaction intermediates in C

1
 chemistry. For

example, it is expected to be an intermediate of
decomposition of dichloromethane in HTHP
water, and dichloromethane is transformed
through formaldehyde into methanol and formic
acid. Thus, it is natural to focus on the reaction

of formaldehyde in HTHP water. In addition,
formaldehyde is a strongly reduced form of CO

2

and its reaction is of interest from the viewpoint
of CO

2
 cycle.

     In order to form formaldehyde in HTHP
water, 1.5 M (mol/dm3) of s-trioxane is dissolved
into heavy water at room temperature. The
sample solution was sealed into a quartz
capillary with inner diameter of 2.5 mm. The
sample tube was placed in the furnace and the
temperature was raised from room temperature
to 250 ˚C. The time 0 of the reaction was then
set to be the time at which 250 ˚C was reached.
After a reaction finished, the capillary was
removed from the furnace quickly and cooled
down to the room temperature. The solution was

Scope of research
Structure and dynamics of a
variety of ionic and nonionic
solutions of physical, chemical,
and biological interests are
systematically studied by NMR
under extreme conditions. High
pressures and high temperatures
are employed to shed light on
microscopic controlling factors
for the structure and dynamics of
s o l u t i o n s .  V i b r a t i o n a l
spectroscopic studies are carried
out to elucidate structure and
orientations of organic and water
molecules in ultra-thin films.
Crystal l izat ion of protein
m o n o l a y e r s ,  a d v a n c e d
dispersion systems at liquid-
l i q u i d  i n t e r f a c e s ,  a n d
b i o m e m b r a n e s  a r e  a l s o
investigated.
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reaction time varied, the methanol peak grew
with disappearance of formic acid and oligomers
of formaldehyde.
     It is of interest to note that the yield of
methanol is found to reach about 70% in our
reaction, exceeding the predicted value from the
classical Cannizzaro-type reaction (50%). In
Figure 2, we show 13C spectra for the reaction
system. The spectrum at each time in Figure 2
represents the same system as the corresponding
spectrum in Figure 1. Figure 2 provides a
possible mechanism for excessive methanol
formation. Notably, CO

2
 is detected in Figure

2. In fact, the production of CO
2
 in the gas phase

is also confirmed from gas chromatography.
This indicates that the oxidized aldehyde, formic
acid, participates in the methanol formation in
HTHP water. Thus, formic acid is considered to
undergo the hydride transfer and react as follows,

This reaction causes further formation of
methanol. In addition, CO was not detected in
the gas phase of our reaction, in agreement with
quantum-chemical calculations. The hydride
transfer reaction shown above is considered to
occur when both formic acid and formaldehyde
exist in HTHP water. With the reaction time,
methanol peak and CO

2
 peak in Figure 2 grew,

accompanied with the decrease of the peak
intensities of oligomers and formic acid. This
mechanism also accounts for the disappearance
of the formic acid peak in Figure 1.

subjected to NMR measurements (JEOL, EX-
270 wide-bore) and the gas components were
analyzed with gas chromatography (Shimadzu
GC-14B) equipped with a thermal conductivity
detector.
     Figure 1 shows how the 1H-NMR spectrum
of the solution reacted at 250 ̊ C varies with time.
At the time of 1 h, two peaks emerge with
disappearance of the s-trioxane peak; one is
methanol and the other formic acid. In HTHP
water, formaldehyde is formed from s-trioxane
by ring-opening as follows,

After the formation of formaldehyde, the
disproportionation reaction of formaldehyde
occurs without catalysts in the following,

According to the classical Cannizzaro reaction,
the disproportionation reaction proceeds under
the presence of a large amount of catalysts.
Although the autoprotolysis constant of water
at 250 ̊ C and 4 MPa is larger than that at ambient
condition, this does not cause the occurrence of
disproportionation reaction since the OH–

concentration is still much smaller than that
required for the classical Cannizzaro reaction.
In the HTHP state studied here, therefore, the
fact that the reaction occurs without catalysts
suggests the possibility that water takes part in
the HTHP Cannizzaro-type reaction. As the

Figure 1. The 1H-NMR spectra of s-troxane in
D

2
O reacted at 250 °C as a function of time.

(external reference; C
6
H

6
, 7.27 ppm)

Figure 2. The 13C-NMR spectra of s-troxane in
D

2
O reacted at 250 °C as a function of time.

(reference; CH
3
OH, 49.0 ppm)

HCOOH + CH3OH .
no catalyst

water, 250 °C
2HCHO + H2O

CH3OH + H2CO3 .
no catalyst

water, 250 °C
HCHO +HCOOH + H2O
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In searching for an organic solid-state reaction which
could be employed as a phenomenon deriving novel
electronic properties with dynamical natures, the thermal
isomerization reaction from methyl 4-(dimethylamino)-
benzenesulfonate (MDBS) to a zwitterion of N,N,N-
trimethylbenzeneaminium-4-sulfonate (TBS) in the
crystalline state has been studied by both experiments of
X-ray diffraction, infrared absorption, electronic
absorption and emission and ab initio MO calculations
using the RHF/MP2/6-31G* method to elucidate its
mechanism [1,2], since this reaction is characterized by
intermolecular methyl cation transfer.

This reaction can admit two kinds of ionic
intermediates, that is, 4-(dimethylamino)benzene-
sulfonate (A, anion intermediate) and methyl  N,N,N-
trimethylbenzeneaminium-4-sulfonate (C, cation one),
and they should exist at high concentrations during the
reaction according to the two-step mechanism which was
hitherto accepted.  However, by comparing changes in

Experimental and Theoretical Studies on Thermal
Isomerization Reaction of Methyl 4-(Dimethylamino)-

benzenesulfonate in the Crystalline State
Masao Oda and Naoki Sato

Solid-state thermal isomerization reaction from methyl 4-(dimethylamino)benzenesulfonate to N,N,N-
trimethylbenzeneaminium-4-sulfonate has been studied by X-ray diffraction and spectroscopic experiments
and ab initio MO calculations.  The examination of the experimental results in comparison with the calculated
results such as molecular total energies, intramolecular charge distributions, a transition-state structure, intrinsic
reaction coordinates and lattice energies has provided us with much essential information to elucidate the
process, mechanism and energetics of the reaction.

Keywords: Organic solid-state reaction/ Thermal isomerization/ Methyl cation transfer/ Ab initio MO calculation

INTERFACE SCIENCE — Molecular Aggregates —

infrared absorption spectra through the reaction with the
results from normal vibration analyses of the four
chemical species involved by the RHF/6-31G* method,
it is shown that concentrations of both intermediates have
been less than the observation limits by the infrared
absorption spectroscopy applied.  This indicates that the
thermal isomerization above proceeds not as a two-step
reaction but as a chain one.

Concerning the heat of this reaction, i.e. ∆
r
H° ≈ -63 kJ

mol-1, an interpretation that it is derived directly from the
energy difference in total energies of MDBS and TBS in
the isolated states seems to be contradictory to the results
of lattice energy calculations of the two materials by other
workers.  To solve this problem total energies of both
species in the isolated states were calculated with taking
account of the electron correlation, and it has been
clarified that MDBS is more stable than TBS by about 90
kJ mol-1 when their geometrical structures are kept to be
the same as those in the respective single crystals.  Further,

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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Alamethicin, a 20-residue peptide isolated from
Trichoderma viride, forms ion-channels in artificial
bilayer lipid membranes. The ion-channels, in which
alamethicin helices are packed together in a parallel
fashion around a central ion permeable pore, are basically
similar to the pore region of biological ion-channels and
therefore provide a useful model system for analyzing
the ion transport mechanism of ion-channels. In the
alamethicin ion-channels, the hydrophilic residue Gln7
faces the pore space and locates in the middle of the
channels, being expected to play a key role in channel
stability and ion transport. In this study, we have examined
effects of a mutation of Gln7 to Glu7 with a negative
charge on ion-channel formation and ion transport
properties.

Native alamethicin (Gln7) showed ion-channels with
six conductance levels, which may correspond to helix-

Structure-Function Relationships in Alamethicin Ion-
Channels: Effects of a Gln7 to Glu7 Mutation

bundles of 4-9 peptides. The replacement of Gln7 with
Glu7 had little effect on the channel stability but
considerable effects on the ion transport properties as
follows: (1) The frequency of occurrence of the levels 1
and 2 was extremely reduced. (2) The ion-channel
conductance increased for all the levels. (3) The current-
voltage relationships changed from a supralinear form to
a linear one at low levels and from a linear form to a
sublinear one at high levels. (4) The ion selectivity
between K+ and Cl- changed from a non-selective type to
a K+-selective one for all the levels. These findings suggest
that the introduction of Glu7 with a negative charge
induces (1) an increase in pore size by electrostatic
repulsion between adjacent helices, (2) some reduction
in the height of energy barrier for ion transport in the
channels, and (3) high cation-selectivity.

Effects of a Gln7 to Glu7 mutation in alamethicin on its ion-channel properties have been studied by the single-
channel recording with planar bilayer lipid membranes. The mutation affected the channel conductance, current-
voltage relationship, and ion-selectivity.

Keywords : Ion-channel/ Alamethicin/ Ion transport/ Bilayer lipid membrane

lattice energies of both crystals have been re-evaluated
using the intramolecular charge distributions obtained
from those calculations to show that the heat of reaction
is realized by the large difference of lattice energy
overturning the difference of molecular total energy as a
result [1].

The initiation reaction of the thermal isomerization
reaction in the crystalline state can be expected to be a
methyl cation transfer between two neighboring MDBS
molecules.  Such a structure that the methylsulfo group
of a MDBS molecule looking on the nitrogen atom of the
adjacent molecule is characteristic of the molecular
structure of MDBS in the crystal, which is different from
that resulted from the geometrical optimization calculation
of an isolated molecule,  and is suitable for the
isomerization reaction.  This notable conformation of the
methylsulfo group is explained by the molecular structure
stabilized by the molecular packing in the crystal [2].

Further, the geometrical optimization calculations of
the reaction transition state derived from a pair of two
MDBS molecules placed in the free space have been
carried out using the RHF/6-31G* method to consider
the initiation stage of the reaction, since any ab initio
MO methods to calculate the transition-state structure with
taking account of crystal field effects and the arrangement
of a pair of molecules in the crystal as the initial structure
that are expected from the sound scientific point of view

have not yet been established so far.  A concerted form of
the transition state with a coordination number of five
for the carbon atom of the transferring methyl cation was
obtained as the optimized structure from those
calculations.  Normal vibration analysis for this structure
shows only one vibrational mode with an imaginary
wavenumber at 562.90i cm-1 that corresponds to
intermolecular transfer of the methyl cation being
detached from an O atom of the methylsulfo group in
one MDBS molecule and connected with the N atom of
the dimethylamino group in the other molecule. By
examining the results of intrinsic reaction coordinate
calculations around the transition-state structure in
comparison with the geometrical arrangements of the
atoms in the MDBS crystal to be involved in the reaction,
it is implied that the cooperative rotation of molecules
around their long axes coupled with the molecular
structural deformation can bring about a notable structure
characteristic for the transition state of the initiation
reaction [2].
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INTERFACE SCIENCE  — Separation Chemistry —

Scope of research

there is abundant evidence regarding methylarsenicals
produced biologically in natural waters, apparent differ-
ences were observed in seasonal changes of phytoplank-
ton densities and methylarsenicals.1-2

On the other hand, other organoarsenicals make up the
bulk of the arsenic stock in organisms.  Arsenosugars are
ubiquitous in algae and arsenobetaine is the predominant
form in marine animals.   Arsenosugars and
arsenobetaine can not be detected with the conventional
hydride generation analyses, which have been applied to
natural water samples.  These facts suggest the presence
of additional organoarsenicals that had previously been
undetected in natural waters by hydride generation
atomic absorption spectrometry.  We established the new
speciation method for these 'hidden' arsenic species us-
ing ultraviolet irradiation and microwave digestion, and
studied their applications to estimate the arsenic compo-

Chemical speciation is the determination of the indi-
vidual concentrations of the various forms of an element
that together make up the total concentration of that ele-
ment.  So far as arsenic species in natural waters are con-
cerned, the inorganic forms (arsenate [AsO(OH)

3
;

As(V)] and arsenite [As(OH)
3
; As(III)]) and the methy-

lated forms (methylarsonic acid [CH
3
AsO(OH)

2
;

MMAA(V)] and dimethylarsinic acid [(CH
3
)

2
AsO(OH);

DMAA(V)]) have been reported to be the main species.
The bulk of the total dissolved arsenic is inorganic spe-
cies in seawater and in fresh water, whereas
methylarsenicals are found to comprise significant
amounts in the surface layers and above the sediment
sur face.   Several  observat ions showed that
methylarsenicals in surface waters exhibit a seasonal
cycle in which the maximum concentrations of
methylarsenicals appear during the summer.  Although

Recent studies indicate the existence in natural waters of `hidden` arsenic which had previously been
undetected by hydride generation technique.  A speciation method for arsenic species has been devel-
oped in which hidden arsenic was classified into two fractions by their lability to the photochemical
degradation procedure: the ultraviolet-labile fraction and the ultraviolet-resistant fraction.  We dis-
cussed the hidden arsenic fraction as the key to explaining arsenic speciation in natural waters.

Keywords : Arsenic/Speciation/Organoarsenicals/Ultraviolet irradiation/Microwave digestion/Arsenic
methylation/Natural water

Hiroshi Hasegawa, Masakazu Matsui, and Yoshiki Sohrin

Arsenic Speciation Including `Hidden` Arsenic
in Natural Waters
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Our research activities are concerned in the behavior of chemical substances in geochemistry and the biochemical reactions.
Major subjects of the reserch are followings: (1) Biogeochemistry of trace elements in the hydrosphere.  Analytical methods for
trace elements are developed using the selective complex formation systems.  The behavior of trace elements in hydrosphere is
explored to realize the significance of them for ecosystem.  (2) Design and synthesis of the selective complex formation systems.
Ligands (host molecules) that have novel functions in separation of metal ions and guest molecules are designed and synthesized.
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Uranouchi Inlet relative to Lake Biwa.  The values of
DOC were 2-4 mgC/l and <0.3 mgC/l in Uranouchi Inlet
and Lake Biwa, respectively.  Between filtered and unfil-
tered samples, the difference of hidden arsenic was sig-
nif icant compared with that of inorganic and
methylarsenicals.  It is likely that the hidden arsenic in
the >0.45 µm size fraction was derived from the
organoarsenicals in biological organic detritus.

The highest concentration of the ultraviolet-resistant
fraction was observed on June 23 in Uranouchi Inlet with
the highest dimethylarsenic concentration and a lower
concentration of the ultraviolet-labile fraction.  It appears
that the increased dimethylarsenic concentration was due
to photodegradation of hidden arsenic by strong sunlight
in early summer.  However, when exposed to the filtered
light above a wavelength of 280 nm from a mercury
lamp, both unfiltered samples of seawater and fresh wa-
ter showed no significant change in the arsenic specia-
tion.  It is evident that photoproduction of UV-InorgAs,
UV-MMA, and UV-DMA occurred in response only to
the ultraviolet region of 250-280 nm when a high-pres-
sure mercury lamp was used as an illuminator.  These
results indicate that photochemical degradation by sun-
l ight rarely contr ibutes to the production of
methylarsenic compounds in natural waters.
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sition in natural waters.3

Hidden arsenic can be classified into different frac-
tions by their lability to the photochemical degradation
procedure: the ultraviolet-labile fraction and the ultravio-
let-resistant fraction.  We estimate the ultraviolet-labile
fraction as the increment in measurable arsenic concen-
tration before and after the ultraviolet irradiation, and the
ultraviolet-resistant fraction as the difference in measur-
able arsenic after the ultraviolet irradiation and the mi-
crowave digestion.  Figure 1 shows typical photoproduc-
tion of inorganic and methylarsenic species in ultravio-
let-irradiated samples.  Initially, both filtered and unfil-
tered samples contained only inorganic arsenic (9.3 nM
and 11.5 nM, respectively), and methylarsenic concen-
tration was below detection limits.  Inorganic and
dimethylarsenic concentrations rapidly increased imme-
diately after irradiation, and attained equilibrium in 1-3
h.  The lake waters as well as other Uranouchi waters also
showed similar speciation changes to those described
above, although they varied as to their increments in ar-
senic concentration.  The total bulk concentration in
natural waters was determined by microwave digestion
with added potassium persulphate combined with CT-
HG-AAS.  Organoarsenicals are decomposed into As(V)
by persulphate, and microwave irradiation speeds the
oxidative decomposition by its rapid heating ability.

Figure 2 shows the measured arsenic fractions in
Uranouchi Inlet and Lake Biwa.  UV-InorgAs, UV-
MMA, and UV-DMA are the corresponding inorganic,
monomethyl, and dimethylarsenic concentration in the
ultraviolet-labile fraction.  The observed results strongly
suggest that hidden arsenic exists in both seawater and in
fresh water.  Uranouchi Inlet clearly showed higher con-
centrations of hidden arsenic than Lake Biwa, in spite of
the similar composit ion of the inorganic and
methylarsenic fractions.  This pattern was consistent
with the higher dissolved organic carbon (DOC) of

Figure 2. Bar diagram showing the mean concentration and
distribution of arsenic in natural waters.  Samples were col-
lected from surface waters (depth; 0 m) of (a) Uranouchi Inlet
on April 30, 1997, and (b) the southern basin of Lake Biwa on

Figure 1. Effect of irradiation time with a 400 W high-
pressure mercury lamp on arsenic speciation.  Samples were
collected from surface waters (depth; 0 m) of Uranouchi Inlet,
on April 30, 1997.  Monomethylarsenic was below the
detection limit by CT-HG-AAS.
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Scope of research

By using vaccum deposition method, artificial multiilayers 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. Preparation of
microstructured films is attempted and novel magnetic and transport properties  are investigted.
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Magnetization reversal in submicron magnetic wire studied

by using giant magnetoresistance effect

Teruo Ono, Hideki Miyajima, Kunji Shigeto and Teruya Shinjo

In very narrow ferromagnetic wires, due to the mag-

netic shape anisotropy, the magnetization is restricted to

be directed either parallel or antiparallel to the wire axis.

Normally, it is considered that magnetization reversal

takes place by nucleation and propagation of a magnetic

domain wall which lies in a plane perpendicular to the

wire axis. The process of magnetization reversal attracts

interests especially at low temperatures where a quantum

tunneling process may be dominant. The magnetization

measurement of magnetic wires, however, is difficult in

general because the volume is very small.

We present magnetoresistance measurements of a

single submicron magnetic wire based on a non-coupled

The magnetization reversal phenomenon in a submicron magnetic wire with a trilayer structure consist-

ing of NiFe(20nm)/Cu(10nm)/NiFe(5nm) was investigated by measuring the electric resistance in an

external magnetic field. A giant magnetoresistance (GMR) effect of about 0.8 % was observed when the

magnetizations in two NiFe layers are oriented antiparallel. It is demonstrated that magnetization rever-

sal phenomena can be very sensitively investigated by utilizing the GMR effect.

Keywords: magnetization reversal/ submicron magnetic wire/ magnetic domain wall/ giant magnetore-

sistance

type GMR effect. The GMR is the electrical resistance

change caused by the change of the magnetic structure in

multilaryers. This means, in turn, the magnetic structure

of the system can be detected by resistivity measure-

ments. Especially in the wire case, where the direction of

the magnetization is restricted to be parallel or antiparal-

lel along the wire axis, the GMR change is directly pro-

portional to the magnitude of the switching layer magne-

tization. Here, we applied this method to a single

NiFe(20nm)/Cu(10nm)/NiFe(5nm) trilayer wire. In

magnetoresistance measurements the magnetic field was

applied along the axis of the wires. The resistivity was

determined using a four-point DC technique. As seen in

SOLID STATE CHEMISTRY  — Artificial Lattice Alloys —
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Figure 1, the samples have four current-voltage termi-

nals, where the voltage is probed over a distance of 20

µm. Furthermore, the samples have an artificial neck

(0.35 µm width) introduced at 1/3 distance from one

voltage probe in order to control the magnetic domain

wall propagation.

Figure 2 shows the resistance of our trilayer system as

a function of the applied external field at 300 K. Prior to

the measurement, a magnetic field of 100 Oe was applied

in order to achieve magnetization alignment in one direc-

tion. Then the resistance was measured in steps of 1 Oe

as the field was swept towards the counter direction. The

result of our magnetoresistance measurement essentially

displays four very sharp leaps. The first and second leap

correspond to the magnetization reversal of the thin NiFe

layer whereas the third and fourth leap correspond to the

magnetization reversal of the thick NiFe layer. There is

clear evidence resulting from a preliminary study on

NiFe wire arrays deposited onto V-groove substrates that

for the thickness range to be considered, the thicker NiFe

layer has a larger coercive force than the thinner one.

Here we discuss how the magnetization reversal takes

place in the sample. As long as the counterfield is smaller

than a critical field, the magnetizations of both thin and

thick NiFe layers align parallel and the resistance shows

the lowest value. As the applied magnetic field exceeds 5

Oe, the resistance abruptly jumps and is kept constant

value up to 10 Oe. Then, exceeding 10 Oe, the resistance

abruptly jumps again and maintains the largest value up

to 22 Oe. The result indicates that the antiparallel magne-

tization alignment is realized at an external field between

11 and 22 Oe, where the resistance shows the largest

Figure 1. Schematic illustration and SEM image of the sample.

Figure 2. Resistance as a functon of the external field at 300 K.

So far, we reported on magnetoresistance measure-

ments of submicron magnetic wire based on GMR effect

and found that magnetic domain wall propagation is con-

trolled by the neck artificially introduced into the wire. It

should be noted that the method reported here corre-

sponds to a very high sensitive magnetization measure-

ment. For the sample reported above, the sensitivity is as

high as 10
-13

 emu (10
7
spins). The method, in principle,

can be applied to smaller samples as far as the resistance

of the samples can be measured and the relative sensitiv-

ity increases with decreasing sample volume.
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value. The ratio of the resistance changes at the first and

second leap is 1:2. This means that one third of the total

magnetization of the thin NiFe layer changes its direction

at the first leap in Fig. 2, since the GMR change is di-

rectly proportional to the switching layer magnetization.

The ratio of one third corresponds to the ratio of length

between the left voltage probe and the neck to the overall

length of the wire between the voltage probes. Therfore,

in this case, a magnetic domain wall nucleates in the

shorter part of the wire and propagates to the neck, where

it is pinned up to 10 Oe. The second leap when exceeding

10 Oe corresponds either to depinning of the magnetic

domain wall from the neck or to nucleation and propaga-

tion of another magnetic domain wall on the other side of

the neck. These two possibilities cannot be distinguished

from the result shown in Fig. 2. The magnetization rever-

sal of the thick NiFe layer takes place in the same manner

as in the thin NiFe layer described above.
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Scope of  research
Quantum oxide systems such as high-Tc superconducting cuprates, La2-xSrxCuO4 and a spin-ladder, (Sr,Ca)14Cu24O41 are
synthesized in the form of single crystals using traveling-solvent-floating-zone and laser abrasion techniques. Detailed equilibrium
phase diagram of Bi cuprate systems is investigated. Main subjects and techniques are: mechanism of high-Tc superconductivity:
origin of quantum phase separation  in strongly correlated electron systems: spin exitations in quantum spin systems: interplay
between spin and charge flow in doped spin systems: neutronscattering by using triple-axis as well as time-of-flight techniques.
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Synthesis, Thermal Stability, Structural Features and
Electromagnetic Properties of Bi2+x

Sr2-xCuO6+δ 
 (0≤x≤0.4)

T. Niinae and Y. Ikeda

The thermal stability and structural modulation were studied systematically in a wide range of 0 ≤ x ≤ 0.4 for the
2201 phase in the Bi-Sr-Cu-O system, Bi

2+x
Sr

2-x
CuO

6+δ, and it was found that these properties varied remarkably
at x ≈ 0.1. Compositions 0 ≤ x < 0.1 remained stable only in a narrow low T- high Po

2
 region and their modulation

period changed stepwisely, not continuously, and reversibly between 4.9b (oxidized) and 5.5b (reduced) when
the oxygen content was changed only by 0.65%. In relation to this we propose for 0 ≤ x < 0.1 specifically that the
change in oxygen content induces the exchange of small amounts of Bi and Sr ions between the "BiO" and "SrO"
sheets. The superconductivity of the cation-stoichiometric composition (x = 0) was also studied as a function of
oxygen content.

Keywords: Phase diagram / Bi
2+x

Sr
2-x

CuO
6+δ / Substitution / Modulation / Superconductivity
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  The "2201" phase in the Bi
2
O

3
-SrO-CuO system is known

to adapt itself to various Bi:Sr:Cu ratios. Our previous
phase diagramic study done at 840°C in the air [1] showed
that the monophasic range was 0.1 < x < 0.6 and 0 < y < x/
2 for Bi

2+x
Sr

2-x
Cu

1+y
O

z
 and that for 0 ≤ x ≤ 0.1 three kinds

of phases including the Bi-poorest end of the above men-
tioned solid solution, Bi

17
Sr

16
Cu

7
O

z
, and Sr

14
Cu

24
O

41
 co-

existed. More recently it has been reported that the solu-
bility range is extended toward x = 0 at high oxygen pres-
sures.  Kato et al. successfully obtained a cation-stoichio-
metric sample with x = 0 at 840˚C and Po

2
 = 30 atm, which

was an over-doped metal that became a superconductor
when annealed in N

2
 [2].

  In this report we will shed a new light on the relation
among Bi content, oxygen content, thermal stability, and
structural features of the 2201 phase by comparing be-
haviors of monophasic samples with 0 ≤ x ≤ 0.4 system-
atically which were all prepared under conventional con-
ditions like Po

2
 = 1 atm and 800°C.

  All the samples were prepared by an ordinary ceramic

method from Bi
2
O

3
, SrCO

3
, and CuO, each with a purity

of 99.9%.  Appropriate mixtures of these starting materi-
als were pressed into pellets and heated at 600°C-840°C
for 20h-120h in total with intermittent grinding, mixing
and pelletizing processes.  Three different atmospheres
including an oxygen stream of 1 atm, the air, and an Ar
stream of 1 atm were used. Certain samples were post-
annealed in the Ar atmosphere at different temperatures
between 200-700˚C for 12-240h depending upon the tem-
perature.
  Cation-stoichiometric Bi

2
Sr

2
CuO

6+δ was successfully
obtained by firing the starting mixture in flowing O

2
 first

at 720°C and finally at 800°C. The tetragonal cell param-
eters of a = 5.361 Å, c = 24.65 Å calculated from the X-
ray diffraction peaks were almost identical to those (a =
5.37 Å, c = 24.65 Å) of Kato et al.'s sample with δ = 0.2
which was synthesized under Po

2
 = 30 atm and post-an-

nealed in flowing N
2
. We note here that small amounts of

Bi
17

Sr
16

Cu
7
O

z
 and others were detected after a further

treatment at 820˚C, showing the stability of Bi
2
Sr

2
CuO

6+δ
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Figure 2. Composition dependence of the subcell lattice pa-
rameters. The triangles are for the samples prepared at 800°C
in O

2
, and the circles are for those prepared at 730°C in the air.

Figure 3. Partial enlargements of the XRD patterns of
Bi

2
Sr

2
CuO

6+δ as-prepared in O
2
 at 800°C (a), post-annealed in

Ar at 200°C (b), 400°C (c), and 600°C (d).

Figure 1.  Temperature-oxygen pressure diagram with a border
line below which the cation-stoichiometric composition remains
stable. The closed squares are the present data and the open square
is from ref. 2.
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  We tested the synthesis at a lower oxygen pressure as
follows.  Shown in Fig. 1 is a Po

2
-T diagram with a border

line below which the cation-stoichiometric composition
remains stable.
  Monophasic samples with higher Bi contents of 0 < x ≤
0.4 were also prepared at both (T/˚C, Po

2
/atm) = (800, 1)

and (730, 0.2). The composition dependences of the lat-
tice parameters, a and c, are plotted in Fig. 3. As Bi con-
tent increases from x = 0 to 0.4, the c parameter decreased
by 0.8%, while a increased by 0.6%. In further detail, the
c parameter showed a small jump at x ≈ 0.1 and, at the
same time, the slope, da/dx, became sharper for 0.1 ≤ x.
This anomaly concerning the lattice parameters is one of
the several features that separate the composition range
of 0 ≤ x ≤ 0.4 into two with a border line at x ≈ 0.1.
  In parallel to this, the thermal stability examined at Po

2
= 0.2 atm and 1 atm also showed a gap at x ≈ 0.1. Saying
typically, the decomposition temperature was as high as ≈
880°C for x = 0.125 in the air but it dropped to ≈780°C for
x = 0.10 in the same atmosphere.
  I t  is wel l-known that the 2201 structure is
incommensurately modulated with its wave vector, q, ly-
ing in the b*-c* plane. We found the same type of modu-
lation in all the present samples by means of XRD and
TEM. The coefficients b

m
 and c

m
 of the vector q = b

m
b* +

c
m
c* showed an interesting stepwise composition depen-

dence again at x ≈ 0.1. These coefficients were evaluated
from the XRD data using the following equation
    1/d

hklm
2 = h2/a2 + (k+mb

m
)2/b2 + (l+mc

m
)2/c2,     (1)

where d
hklm

 stands for the d value of a superlattice peak
(hkl, ±m). We obtained a set of parameters (a=b /Å, c /Å,
b

m
,c

m
) = (5.361, 24.65, 0.205, 0.455) from the XRD pat-

tern for the x = 0 sample prepared at 800°C and Po
2
 = 1

atm.
  Through a cyclic treatment of the former sample at 730°C
in the air and at 800°C in flowing O

2
 we noticed that the

change was quite reversible. We further noticed that b
m

and c
m
 were changed stepwisely, not continuously, from

(b
m
, c

m
) = (0.205, 0.455) to (0.185, 0.288) by reducing

treatments as can be seen most typically for the sample
annealed at 400°C in Ar (see Fig.3). These two types are
mixed in samples annealed under intermediate conditions

like 730°C in the air. There seems no doubt that a slight
change in oxygen content switches the modulation mode
from one to the other, without changing the a and c pa-
rameters remarkably.
  We conducted TEM observations on the two typical
samples with x = 0, one as-prepared in O

2
 and the other

annealed in Ar at 600°C.  The modulation wavelength
varied from λ = 4.9b for the as-prepared sample to λ =
5.5b for the annealed one, which are consistent with the
XRD results of λ = 4.88b ( = b/0.205) and 5.41b ( = b/
0.185), respectively.
  From the resistance and magnetization measurements it
has heen revealed that it is only the portion with (b

m
, c

m
)

= (0.185, 0.288) that is superconducting but the portion
with (b

m
, c

m
) = (0.205, 0.455) is an over-doped metal.
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New S = 1/2 Alternating Chain Compound

- High Pressure Form of (VO)
2
P

2
O

7
-

Crystal structure and magnetic properties of the high pressure phase of (VO)
2
P

2
O

7
 were investigated,

and it was found that  this compound comprised S = 1/2 Heisenberg alternating antiferromagnetic
chains.  The magnetic susceptibility and the high-field magnetization data consistently showed the pres-
ence of a spin gap of about 25 K.  Single crystals were grown by slowly cooling the stoichiometric melt
in the high pressure cell.
Keywords:  1 dimensional magnet, Spin gap, High pressure synthesis

Masaki Azuma, Takashi Saito, Zenji Hiroi, and Mikio Takano

SOLID STATE CHEMISTRY  — Multicomponent Materials —

Scope of research

Novel inorganic materials that have new, useful or exotic features such as superconductivity, ferromagnetism and quantum
spin ground state are synthesized by novel methods.  Recent topics are:

• High-T
c
 superconducting copper oxides with higher T

c
 or J

c
.

•  Perovskite-based compounds with unusual magnetic and electronic properties.
•  Low-dimensional spin system showing dramatic quantum effects.

The unexpected discovery of high-T
C
 superconduc-

tivity in cupric oxides has strongly stimulted the research

of the quantum mechanical interplay of the electronic

spin, charge, and orbital degrees of freedom in 3d transi-

tion metal (M) oxides.  The interplay is composition- and

structure-sensitive, and hence it is meaningful to try to

increase the variety of the M - O lattice and also the vari-

ety of the counter-cations and counter-anions that would

finely tune the electronic state of the M - O lattice even

by using unconventional synthesizing techniques.  In this

respect we have reported the high-pressure (HP) synthe-

sis of a pair of spin-ladder cupric oxides, SrCu
2
O

3
 (two-

legged) and Sr
2
Cu

3
O

5
 (three-legged), the HP synthesis of

oxides containing Fe4+  and Ru4+  exhibiting interesting

metal-insulator transitions, and others.  Described below

is a recent study of a new one-dimensional (1D) system

in which the spin degree of freedom is killed quantum

mechanically.

No doubt it is interesting to study how to control the
electronic degrees of freedom.  For example, if the
ground state of a condensed system is the spin singlet

state, where the spin degree of freedom is killed, there

opens a way to create the freedom by mixing the excited
magnetic state using an external field.  In this sense there
has been a growing interest in antiferromagnetic (AF)
systems having a spin gap.  Spin gap is the energy gap
between the singlet ground state and the lowest magnetic
excited state.  Such a gap has been found mainly in one
dimensional (1D) systems like spin-1/2 alternating
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chains, spin-1 chains (called the Haldane system) and

spin-1/2 ladders like SrCu
2
O

3
 discovered by us.

 (VO)
2
P

2
O

7
 has long been known as an active catalyst

for the selective oxidation of butane to maleic anhydride.
The V4+ ions in this compound possess spin-1/2.  A neu-
tron scatteritng experiment [1] revealed that this com-
pound was best described as a spin-1/2 alternating chain sys-
tem in which the magnitude of AF interaction changes
alternatingly as -V4+-(J

1
)-V4+-(J

2
)-V4+-(J

1
)-V4+-(J

2
)-V4+-.

However, unfortunately, the structure is too complex to
study the intersting magnetism in detail [2].

We recently found that this compound undergoes a
pressure-induced transition to a similar but much simpler
structure [3].  And the measurements of magnetic sus-
ceptibility, high-field magnetization, and specific heat
have indicated consistently and unambiguously that  the
HP phase is a good example of the spin-1/2 Heisenberg
alternating AF chain system having a spin gap.

The HP phase was obtained by treating the ambient
pressure (AP) phase at 2 GPa and 700 °C for 30 min.
using a cubic-anvil type HP apparatus.  The structure deter-
mined by means of X-ray diffraction and neutron diffraction is
illustrated in Fig. 1.  As known through the neutron scatter-
ing study on the AP phase [1], the strongest AF interac-
tion (J

1
)  is mediated by the PO

4
 tetrahedra, while the sec-

ond strongest one (J
2
) works between a pair of edge-shar-

ing VO
5
 pyramids.  These interactions alternate along the

c axis as can be seen in Fig. 1b.
Figure 2a shows the temperature dependence of

magnetic susceptibility.  After subtracting a paramag-
netic contribution due to an impurity V4+ of 2.6 %, the
data showed an exponential decay toward zero as ex-
pected for a spin gap system.  The data could be well
fitted to the alternating chain model with parameters J

1
=

136 K, J
2
/J

1 
= 0.9, and g = 1.98, from which the spin gap

was estimated to be about 25 K.
Figure 2b shows the magnetization measured at 0.4 K

using a pulsed magnetic field.  The  Brillouin-function
like behavior below 15 T is due to the impurity ions.
Above 20 T, the data increases steeply indicating that the
singlet ground state and the triplet excited state cross
each other.  Assuming that the gap between these states
changes as ∆ (H) = ∆ (0) - gµ

B
H, ∆ (0) = 26 K has been

obtained,  which is in good agreement with the suscepti-
bility data mentioned above.

Single crystals were obtained by slowly cooling the
molten liquid from 1200 to 600 °C in 40 h at 3GPa.
More detailed studies on these powder and single crystal
samples  by means of NMR, µSR, ESR, Ramman scatter-
ing, and neutron scattering are in progress.

This work is one of a variety of researches being car-
ried out using the HP technique and also a film technique

in the present laboratory for the purpose of discovering
new fundamental and practical properties of 3d transi-
tion metal oxides.
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Figure 2.  Temperature dependence of magnetic susceptibility
(a).  The data before and after the subtraction of the impurity
contribution are shown with closed and open circles, respec-
tively.  The solid line is a fit to the alternation chain model.
The field dependence of magnetization at 0.4 K (b).

Figure 1.  High-pressure phase of (VO)
2
P

2
O

7
 viewed along the

b-axis (a) and the a-axis (b).  Large and small spheres represent
V and P ions, respectively.  The alternation of the AF interac-
tion along the c axis can be seen in (b).

(a)

(b)



ICR Annual Report, Vol. 5, 199822

Prof
YOKO,

Toshinobu
(D Eng)

Photochemical Reactions of Ge-Related Centers in
Germanosilicate Glass

Prepared by Sol-Gel Process

Germanosilicate glasses are prepared by a sol-gel method and the UV-photosensitivity of glasses is
investigated by optical absorption, ESR, and photoluminescence measurements.   Large changes in opti-
cal absorption are observed for the sol-gel-derived glass by the ultraviolet laser irradiation; a decrease in
5-eV band and increases in absorption around 4.5 and > 5.7 eV.  Photoluminescence intensity under 248-
nm excitation decreases with an increase in laser fluence and also with decrease in the 5-eV band.  This
result strongly implies the novel photochemical reaction from Ge2+ to Ge E' induced by excimer laser
irradiation.

Keywords : Germanosilicate glasses / Defect / Photosensitivity / Sol-gel method / Fiber grating

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 oxide thin films, and evaluate the nonlinear
optical properties by Z-scan methods.  (3) Photosensitivity 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.
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Photosensitivity of GeO
2
-SiO

2
 glasses has been caught

much attention because the Bragg grating can be easily
printed in the fiber core, which is usually made of
germanosilicate glasses, by ultraviolet (UV) laser irradia-
tion [1].  It has been considered that the index change by
UV laser irradiation is closely related to the photochemi-
cal processes of Ge-related defects in the germanosilicate
glasses [2].  Previous studies indicated that the Ge-related
defects have higher photosensitivity and the formation of
Ge E' center is the key for the photorefractive effect in the
glasses.  In orde to investigate the mechanism of UV in-
duced refractive index change, the compositional and/or
structural effect on the photochemical processes should
be systematically clarified.  The aim of this study is to
elucidate photochemical processes induced by UV-irra-
diation in the germanosilicate glass.

The defect states of glasses before and after the UV

Masahide Takahashi, Jisun Jin, Takashi Uchino and Toshinobu Yoko
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irradiation (KrF- and ArF-excimer lasers and Hg lamp)
are analyzed by means of the optical absorption, photolu-
minescence (PL) and electron spin resonance (ESR)
spectroscopy.  Germanosilicate glass of 10GeO

2
-90SiO

2

composit ion in molar rat io is prepared from
tetraethoxysilane and tetraethoxygermanium through the
sol-gel procedure.

Figure 1 shows the changes in optical absorption by
the KrF irradiation.  Change in optical absorption in the
range of 3.8 to 6.4 eV is observed.  The change in optical
absorption of the glass seems to be almost comparable to
that of the VAD fiber preform.  ESR spectra after excimer
laser irradiation indicate the existence of germanium
electron-trapped centers (GEC) and Ge E' center.  Fig. 2
(e) shows the ESR spectrum of unirradiated VAD-glass,
which is corresponding to Ge E' center [3].  Spectral pro-
file of low fluence (Fig. 2 (a)) indicates the formation of
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Figure 1. Absorption spectra before and after KrF laser
irradiation (80mJ/cm2 per pulse, 104shot)

GEC [4]. With increasing laser fluence, the profile ap-
proaches to that of Ge E' center (Fig.2 (a) to (c)).  Irradia-
tion of an Hg lamp induced only Ge E' center (Fig. 2 (d)).

Figure 3 shows a correlation between the bleaching of
5-eV band and the decrease in PL intensity by KrF laser

irradiation.  Linear correlation indicates that bleaching of
the 5-eV band is due mainly to a decrease in Ge2+

(NODV).  This relationship is also exhibited by ArF-laser
excitation.  Therefore, we propose that the bleaching of
the 5-eV band by irradiating excimer laser is due to the
decrease of Ge2+.

The decrease of Ge2+ by excimer laser irradiation
would be explained by photoionization of Ge2+ by mul-
tiphoton absorption.  The lone pair electron of Ge2+ can be
excited to the conduction band by successive two-photon
absorption through long-lived T

1
 state as an intermediate

level.  Furthermore, the ionized Ge2+ may form Ge-O
bonding with nonbridging oxygen nearby.  The final
product of this process would be Ge E'.  Fig. 4 shows a
correlation between the decrease in the 5-eV band and the
increase in 6.3 eV band corresponding to Ge E' center by
irradiating KrF and ArF laser.  The linear correlation in-
dicates that Ge2+ is converted into Ge E' by excimer laser
irradiation.  In addition, changes in defect concentration
of Ge2+ and Ge E' are almost equal.  Therefore, we pro-
pose the following photochemical reaction by excimer la-
ser excitaion,

Ge2+ + NBO −−−> Ge E' + e-. (1)

  The conversion efficiency of Ge2+ to Ge E' is much
larger for KrF laser excitation than for ArF laser at the
same fluence.  The photon energy of KrF laser agrees
with the excitation energy of S

0
 to S

1
 transition in Ge2+.

The excited S
1
 state relaxes to long-lived T

1
 state through

intercombinational conversion.  These facts follow the
above reaction (1) because the 5-eV photons from KrF
laser excite Ge2+ to long-lived T

1
 state with higher effi-

ciency than 6.3-eV photons from ArF laser.
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Figure 2. ESR signals of the glasses after UV irradia-
tion and unirradiated fiber preform.

Figure 3. Correlation between decrease in PL intensity,
∆I /I

initial 
, and  bleaching of the 5-eV band, ∆α/α

initial
, by

excimer laser irradiation.

Figure 4. Changes in absorption coefficient of the 5-eV

band and 6.3 eV band.
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Flow effects were examined for dielectric behavior of oligostyrene (OS; M = 950) and cis-polyisoprene
(PI; M = 8200).   OS-1 has monomeric dipoles perpendicular to its backbone and the terminal dielectric
relaxation results from the segmental motion, while for PI-8 having parallel dipoles this relaxation re-
flects the global chain motion.   The dielectric loss ε” and viscosity η were measured for OS and PI at T
well above respective Tg under steady shear flow at rates γ << 1/τ1, with τ1 being the linear viscoelastic
terminal relaxation time.   The ε” and η of PI were independent of γ, as usually expected under such
slow flow.   In contrast, OS exhibited acceleration of the dielectric relaxation and the shear-thinning of
η at γ << 1/τ1.  This thinning was related to flow-induced changes in some sort of dynamic structure,
probably a cooperative domain structure, and the dielectric change detected acceleration of the segmen-
tal motion due to this structural change.

Keywords : Rheo-dielectric behavior/ Global mode/ Segmental mode/ Shear-thinning/ Cooperative do-
main structure

Rheo-Dielectric Behavior of Oligostyrene and Polyisoprene

Hiroshi Watanabe, Tadashi Inoue,  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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Viscoelastic relaxation of flexible polymer chains has
a considerably broad distribution of relaxation modes,
and the fast and slow modes reflect the chain motion at
small (segmental) and large (global) length scales, re-
spectively.   A recent rheo-optical study [1] revealed that
the viscoelasticity-structure relationship is not identical
for these fast and slow modes (the segmental and global
modes).   For the global mode, the mechanical stress is in
proportion to an anisotropy of axial orientation of the
chain backbone and the conventional stress-optical rule
[2] is valid.  In contrast, the segmental mode is related to
an anisotropy of the planar orientation of the segments.

The segmental mode of polystyrene has been found to
exhibit strong thinning under elongational flow at rates
much smaller than the characteristic frequency of this

mode [3].   This result is of particular interest in a sense
that the thinning behavior could provide us with detailed
insight for a dynamic structure in glassy materials.

Dielectric techniques are useful in investigation of
this structure.  For polymer chains having electrical di-
poles, the chain motion results in not only viscoelastic
but also dielectric relaxation.  Specifically, the segmental
motion is observed as the dielectric dispersion (often re-
ferred to as the α dispersion) if the chains have the di-
poles perpendicular to their contour, while the global
motion is dielectrically detected if the chains have the
parallel dipoles [4].   Taking advantage of these dielectric
features, we have carried out rheo-dielectric measure-
ments for model materials, oligostyrene (OS) of the mo-
lecular weight Mw = 950 (Mw/Mn = 1.13) and cis-
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polyisoprene (PI) of Mw = 8200 (Mw/Mn = 1.05) [5].
The results are summarized here.

For the low-M OS molecules having the perpendicu-
lar dipoles, both of the terminal viscoelastic and dielec-
tric relaxation processes reflect the segmental mode.  In
contrast, the PI chains have the parallel dipoles and their
terminal processes are dominated by the global mode.
The terminal relaxation time τ1 at equilibrium was
viscoelastically determined as [5]

   τ1 = 1.3 × 10–5 s  for OS at Tr = 42°C (1)
   τ1 = 4.0 × 10–5 s  for PI at Tr = 23°C (2)

The reference temperatures Tr are well above respective
Tg  (≅ 7°C for OS and ≅ –75°C for PI).

For OS and PI at respective Tr, Figure 1 shows the
•

steady state shear viscosity η(γ) determined at shear rates
•γ<< 1/τ1.   The dashed lines indicate plots of the magni-
tude of complex viscosity η*(ω) against the angular
frequency ω.  The corresponding dielectric loss ε", mea-
sured in the quiescent state and under steady shear flow

•
at γ indicated with the arrows in Figure 1, are shown in
Figure 2.

For PI, completely Newtonian behavior is observed
•

and the Cox-Merz rule is valid at γ examined (cf. Figure
1).   This result indicates that the equilibrium global mo-

•
tion is not affected by the slow flow at γ << 1/τ1.   Corre-
spondingly, the ε” data detecting the global chain motion

•
are insensitive to γ (cf. Figure 2).

For OS, Figure 2 demonstrates no detectable flow ef-
•

fect on the ε” data at γ < 15 s–1.   However, with further
•

increase of γ up to 46 s–1, the terminal tail of the ε” curve
(where ε" ∝ ω) is shifted to higher ω side and the
dielectrically detected segmental motion becomes faster,

•
despite a fact that the flow at those γ is still much slower
than the equilibrium segmental motion.   As noted in Fig-

•
ure 1, the η(γ) data of OS deviate from the η*(ω) data

•
and exhibit thinning at γ ≥ 15  s–1.    This thinning for the
segmental mode, noted also for polystyrene under very
slow elongational flow [1], quite possibly results from
the flow-induced acceleration of the segmental motion.

This result suggests that the OS system includes some
sort of dynamically heterogeneous structure:  Such a
structure can be distorted under the slow flow, thereby
affecting the segmental motion therein and inducing the
thinning of η.  This dynamic structure might be a coop-
erative domain structure [6] characteristic to glassy ma-
terials.  At time scales of the segmental motion, the dy-
namic heterogeneity could have survived in the OS sys-
tem even at Tr > Tg.   We speculate that the flow may
reduce the cooperative domain size thereby weakening
the cooperativity in the segmental motion to accelerate
this motion and induce the thinning of η.   At this mo-
ment, no structural data proving/disproving this specula-
tion are available.  Further studies are desired for the
structure under flow.
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Fig.1   Steady state viscosity of OS at 42°C and PI at 23°C.  The
arrows indicate the shear rates for the rheo-dielectric data
shown in Figure 2. Fig.2   Dielectric loss ε" of OS at 42°C and PI at 23°C deter-

mined under steady shear flow.  For comparison, the data in
the quiescent state are also shown.
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A New Discovery of Microphase Separation Initiating
In the Induction Period of Polymer Crystallization :

characteristic wavelengths at high temperatures

On the basis of the previous new discovery that a spinodal decomposition type of microphase separation
occurs during the induction period for glass crystallization when a polymer is crystallized at low tempera-
tures just above the glass transition temperature, the effect of crystallization temperature on the character-
istic wavelength has been studied using poly(ethylene terephthalate) (PET) because this is an important
factor for spinodal structures determining the whole skelton of higher-order structure of crystalline poly-
mers.   For melt crystallization when PET is crystallized directly from the melt at high temperatures below
the melting point, the characteristic wavelength is obtained to be a few micrometers which is two orders
of magnitude larger than that for the glass crystallization.  This may provide a possible elucidation for the
large difference in size and density of spherulites between the glass and melt crystallization.

Keywords : Melt Crystallization / PET / Microphase Separation / Characteristic Wavelength

 Keisuke Kaji, Shuji Matsunaga, Go Matsuba, Toshiji Kanaya,
Koji Nishida and Masayuki Imai

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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In previous papers [1] we reported a new discov-
ery that a spinodal decomposition type of microphase
separation is initiated in a very early stage of the induc-
tion period for glass-cold crystallization, ie when
poly(ethylene terephthalate) (PET) is crystallized from
the glass just above the glass transition temperature.
This phenomenon is induced by orientational fluctua-
tions or partial parallel orientation of rigid polymer seg-
ments when the average persistence length of the poly-
mer molecules becomes larger than a critical value [2].
Such a mechanism is schematically shown in Figure1.
This is because the increase of the lengths of rigid seg-
ments causes the increase of their excluded volumes,
making the system unstable, and the parallel orientation
reduces their volumes.  In the late stage of the spinodal
decomposition the characteristic wavelength Λ

c
 grows

with time, and when it attains a critical value the crystal

nucleation is initiated in the orientationally ordered re-
gions.  In polymer crystallization the characteristic
wavelength is a very important factor since it is only a
parameter charactering the spinodal structure and con-
sidered to determine the whole skelton of higher-order
structure of crystalline polymers, so that it is interesting
to investigate the temperature dependence of Λ

c
.  The

observation of such a spinodal decomposition would,
however, be possible only when the crystallization tem-
perature is near either the glass transition temperature
or the melting temperature, corresponding to a low seg-
ment mobility or a small supercooling depth, respec-
tively, because a considerably long induction period is
necessary to perform time evolution measurements.

In the present study the change of the character-
istic wavelength has been investigated for melt-hot
crystallization, ie when PET is crystallized directly
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from the melt at high temperatures below the melting
point.    A PET sample with M

n
=25,000 and M

w
/M

n
 =2.5

was melted at 290˚C (T
m
=267˚C) in the SAXS camera

at the High-Intensity X-Ray Laboratory of Kyoto Uni-
versity, and  SAXS measurements were carried out in
situ when the sample was crystallized by jumping down
to 244˚C in this camera.  The induction period was
about 120min in this case.  Figure 2 shows the time evo-
lution of the difference intensity for this sample after
substraction of the scattering intensity from the melt
sample at 290˚C; (a) and (b) correspond to the induction
period and crystallization stage, respectively.  As seen
from Figure 2a, the intensity for Q<0.02Å-1 increases
with time in the induction period, but no peak corre-
sponding to the characteristic wavelength is observed.
It may be considered that for the hot crystallization the
characteristic wavelength is too large to be observed
within a resolution of the used SAXS camera and the
intensity at low Q’s is due to the contribution from the

tail of the peak of such a characteristic wavelength.  As
is clear from Figure 2b, even after crystallization it con-
tinues to increase with time, suggesting that the phase
separation continues to grow without being interrupted
by crystallization, which was also confirmed from po-
larized light microscopic observations.  Further, after
crystallization a well-known broad peak of long period
due to the alternation of crystalline and amorphous lay-
ers starts to appear and increases in intensity with time.
Here it should be noted that the peak position slightly
shifts toward the higher Q with time.  This phenom-
enon, which was first discovered by Zachmann et al [3],
is clearly reconfirmed here where the separation from
the strong low Q scattering is large enough to neglect
the effect of overlapping.  Zachmann et al tentatively
explained such a strange result of the decrease of long
period with time using a model that  nascent crystalline
lamellae having rough wavy surfaces come to have
more and more smooth surfaces with annealing time,
resulting in the decrease of long period.  A more pos-
sible alternative elucidation by us is based on the distri-
bution of lamellar thickness; the microphase separation
produces two different regions, more-ordered and less-
ordered in orientation and the former region first pro-
vides thicker lamellae and the latter region later thinner
ones because of its higher density of entanglements.
These thinner lamellae produced later decrease the ob-
served average long period, shifting the scattering peak
toward the higher Q.

In order to estimate the order of magnitude of
characteristic wavelengths for the hot crystallization
confocal scanning laser microscopic (CSLM) and po-
larized optical microscopic (POM) observations have
been carried out.  The former observation for the crys-
tallization at 220˚C indicated a spinodal pattern with
Λ

c
≈1µm in the induction period [4]. If this value is true,

the characteristic wavelengths for the hot crystalliza-
tion would be two orders of magnitude larger than those
for the cold crystallization.  The POM observations
showed a clear spinodal-like pattern after the biginning
of crystallization; the dense and dilute domains of
spherulites could clearly be distinguished and the
interdomain spacings were estiamted to be several tens
µm at 240˚C though they increased with crystallization
time [5].  Such large difference in characteristic wave-
length might give a possible explanation for a well-
known great difference in number density of spherulites
between both cases [6]; the two oders of magnitude in
characteristic wavelength correspond to the six orders
of magnitude in number density of spherulites.

Figure 1. Microphase separation induced by orientational
fluctuations of rigid polymer segments before crystallization.

Figure 2.  Difference SAXS intensity curves of PET measured
in situ as a function of crystallization time.  Crystallized at
244°C from the melt.
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Dynamics of Flexible High-Molecular-Weight Polymers in
Dilute Solution under Circular Couette Flow

Yoshisuke Tsunashima

Chain dynamics of poly(α-methylstyrene) of high molecular weight in benzene, a good solvent, in dilute solu-
tion was investigated by dynamic light scattering under Couette flow.  At the shear gradient above 2.8-4.5s-1, the
internal modes of motions were exclusively suppressed and only the center-of-mass translational diffusion
motion of the chain was detected. Whereas, in the intermediate shear region, the decay rate for the internal
mode was constant, and that of the diffusion mode increased with increasing the shear rate. The obtained
universal ratio Ω/D

0
q2 was located close to the theoretical curve predicted for the flexible chains with the

microscopic description of chain dynamics in Θ state. This quantitative agreement between theory and experi-
ments means that the coupled kinetic equations for chain segments and solvent in the same dynamic level is
indispensable for describing rigorously chain dynamics in dilute solution.

Keywords: Dynamic light scattering/ Shear flow/ Diffusion/ Internal motions/ Dynamic coupling
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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.

    In the quiescent, i.e., thermodynamically equilibrium
state, dynamics of flexible linear polymers in dilute so-
lution has not been understood fundamentally because
the well-qualified experimental results disagreed quanti-
tatively with the hydrodynamic descriptions of the poly-
mer chain so far proposed theoretically. The reasons may
be assigned to the following assumptions which have been
made heretofore in the theoretical descriptions of chain
dynamics in the quiescent state (the so-called macro-
scopic description of chain dynamics): (i) the polymer
segments waggle in continuous viscous fluid (where the
solvent motions are smeared and neglected) in accordance
with a diffusion-type equation of the segment configura-
tional distribution and (ii) the hydrodynamic disturbance
of the fluid velocity caused by different polymer segments
is described approximately by the Oseen tensor. This ten-
sor was derived as a solution of the Stokes equation which
neglects the nonlinear inertia term (υ ⋅∇)υ of the Navier-
Stokes (NS) general equation of motion,

    ∂υ/∂t + (υ⋅∇)υ = K−∇p/ρ + v∆υ ,                   (1)
with υ the fluid velocity.  However, the inertia term dis-
appears essentially in the Couette flow. The Couette flow
is thus a rigorous solution of the NS general equation of
motion, as well as the Stokes equation.  Therefore, if
experiments were made under the Couette flow, not in
the quiescent state, the results will give us new under-
standing to solve the disagreements between experimen-
tal facts and theoretical predictions. In this paper, we
apply the dynamic light scattering (DLS) to the dilute
solutions of high molecular-weight polymer sample in a
good solvent in circular Couette flow and discuss the
adequacy of the microscopic description1 proposed for
chain dynamics in dilute solution.
   A monodispersed poly(α-methylstyrene) (PMS) frac-
tion of M

w 
= 6.85×106 was dissolved in benzene and the

dilute solutions of different polymer mass concentration
c (c=2.0∼8.1×10-4 gcm-3) were prepared by filtering
through a 0.2µm pore-size filter. The solution was set in
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the 2mm-gap between the concentrically rotating rotor
and the stator (glass cylinders) which stood perpendicu-
larly. In the gap, the one-dimensional shear flow with a
constant low-shear gradient γ was induced by the eddy
current.2 The single-frequency Ar-ion laser light of 3W
was plunged perpendicularly to the rotor and, at given γ
of γ=0∼4.5s-1, the intensity time correlation function A(t)
of the Vv component of the scattered light from the sample
solution at the angle θ=75.6° was measured at 27°C by
homodyne method through a laboratory-made software
correlator. The measured A(t) was analyzed with the his-
togram method to obtain the decay rate Γi of the chain
modes of motions i.
   At all c examined, A(t) curves were composed of two
decay modes (slow and fast modes) at γ except the high-
est shear gradient γmax of one slow mode . The slow mode
with decay rate Γ1 was the translational diffusion which
represents the center-of-mass motion of the polymer
chain, where the diffusion coefficient was D1 (=Γ1q

-2) with
q the scattering vector. The fast mode with decay rate Γ2

was the intramolecular motions. The observation of slow
mode alone at γmax means that the intrachain motions are
suppressed with the increase of the shear field. The γ and
c dependence of D1 below γmax shows that, at fixed c, the
D1 increases with γ, as is the case for polystyrene-latex in
aqueous solution2 and for PMS of Mw=2.71×106 in ben-
zene.3 However, with decreasing c, the D1 changes from
a descending to an ascending incline at higher γ. The
double extrapolation to γ, c→0 gives the equilibrium value
at infinite dilution D

1
(0,0). On the other hand, Γ

2
/q3 for

internal motions at each c was constant independent of γ.
Thus, the increasing decay rate with γ for translational
mode and the γ-independent decay rate for internal modes
indicate that, in shear field, the chain moves with a con-
stant characteristic intramolecular frequency, though the
translational motion is made faster by shear flow.
   The first cumulant Ω, which represents all the motions
the chain performs, was combined with the γ dependence
of the translational motion and then the universal ratio
Ω/D

0
q2 at the infinite extrapolations to c→0 and γ→γ

solvent

was estimated to be 1.9 at qR
G
=3.03. Here D

0
 is the trans-

lational diffusion coefficient at infinite dilution and R
G
 is

the radius of gyration of the chain. The obtained univer-
sal value is shown by a filled triangle (▲ ) in Figure 1,
where data for polystyrene and polyisoprene in Θ state (
○ ) and the theoretical lines 1 and 2 calculated by the
microscopic description of chain dynamics for Θ and
good solvents1  respectively are also given. The present
data point is located near the line 1 and the feature is
coincident with our recent one (●) obtained at low shear
gradient for PMS of M

w
=2.71×106 in benzene.4 It is very

suggestive that data obtained in Couette flow in good
solvent (▲ ,● ) are close to the data in Θ state (○ )
and are distinguished clearly from the data in good sol-
vent in the quiescent state4 (■ ) which is located be-
tween lines 1 and 2. The microscopic description of poly-
mer chain dynamics1 is composed of the coupled kinetic
model equations for polymer and solvent, where the seg-
ment velocity c(τ,t) at the chain contour position τ and
the solvent velocity u(r,t) at the fluid position r are ex-
pressed in the same dynamic level:
     ∂c(τ,t)/∂t = −ζ

0
−1δH{c}/δc(τ,t) +

              ∫dr u(r,t)δ(r−c(τ,t)) + f
c
(τ,t)  (polymer)     (2)

     ∂u(r,t)/∂t = η
e
∇2u(r,t) − ∫dr[δH{c}/δc(τ,t)]×

               δ(r−c(τ,t)) + f
u
(r,t)    (solvent)                  (3)

with the incompressibility condition ∇⋅u = 0. H{c} is
the chain potential and f is the random force. In conclu-
sion, the present result in Couette flow, which realizes
an ideal fluid state in the hydrodynamic sense, can be
explained by the microscopic view in Θ state, not in good
solvents, and supports the necessity of the microscopic
description in chain dynamics in dilute solution.5 The
slight disagreement between data and the theoretical line
1 suggests further works in theoretical treatments in Θ
state.
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Figure 1. The Ω/D
0
q2 vs. qR

G
 plots for flexible polymers in di-

lute solution.
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Synthesis of Vinyl Ether-Based Polymacromonomers
with Well-Controlled Structure

The present paper focuses on the atom transfer radical polymerization (ATRP) of vinyl ether (VE)-
based macromonomers with a methacryloyl group at the chain end.  Living cationic polymerization of
isobutyl VE (IBVE) initiated with the HCl adduct of a VE carrying a pendant methacryloyl group in
conjunction with ZnI

2
 yielded the macromonomer (MA-PIBVE) with a narrow molecular weight dis-

tribution (MWD) (M
w
/M

n
 < 1.1).  The ATRP of MA-PIBVE was carried out using a halide initiator and

the CuBr/4,4
,
-di-n-heptyl-2,2

,
-bipyridine catalytic system.  The number-average molecular weight of

the polymacromonomer increased in proportion to the monomer conversion, while the MWDs stayed
fairly narrow (M

w
/M

n
 ~ 1.2).  Thus polymacromonomers with controlled chain lengths for both the

backbone and the side chain have been synthesized for the first time through a combination of living
cationic polymerization and ATRP techniques.

Keywords: Polymacromonomer / Living cationic polymerization / Controlled radical polymerization

Masahiko Minoda, Kenji Yamada, Masayuki Miyazaki, Kohji Ohno,
Takeshi Fukuda and Takeaki Miyamoto

ORGANIC MATERIALS CHEMISTRY  — Polymeric Materials —

Scope of research

Basic studies have been conducted for better understandings of the structure/property or structure/function relations of poly-
meric materials and for the development of various types of polymers with controlled structure and/or novel functions.  Among
those have been the studies on (1) the mechanism and kinetics of “living”  radical polymerization and its applications to the
synthesis of well-defined polymers and copolymers of varying architecture, (2) the synthesis and properties of cellulose- and
oligosaccharide-based functional polymers, and (3) the structure of polymer gels, ultrathin films and polymer alloys.
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  Recently there has been increasing interest in poly-
macromonomers, which are prepared by the homopoly-
merization of macromonomers.  They are regular multi-
branched macromolecules characterized by an extremely
high branch density along the backbone.  They can have
unique molecular morphologies ranging from star-
shaped spheres to rod-like cylinders, depending on the
degrees of polymerization (DP) of the backbone and
branch chains.  For instance, polymacromonomers with a
sufficiently large DP and long branches have been re-
ported to exhibit a lyotropic phase.  It was not until re-
cently that the radical homopolymerization of a
macromonomer in a highly concentrated medium
yielded polymacromonomers with a high DP.  Still more

difficult has been the living polymerization of
macromonomers in a controlled manner.

On the other hand, the recent development in the con-
trolled/ “living” radical polymerizations employing sev-
eral initiating systems has provided possibilities for the
synthesis of polymers with well-controlled structure.
The transition metal-catalyzed atom transfer radical po-
lymerization (ATRP) is one of the versatile techniques to
achieve a controlled radical polymerization.  Herein, we
report on the ATRP of isobutyl vinyl ether (IBVE)-based
macromonomers with the methacryloyl group at the initi-
ating end (MA-PIBVE).  This macromonomer is synthe-
sized by living cationic polymerization.  The combined
use of living cationic polymerization and ATRP has led
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to a new type of well-defined polymacromonomer that is
controlled with respect to both backbone and side chain
lengths and length distributions [1].
Synthesis of Macromonomers
  The living cationic polymerization of IBVE was con-
ducted by the HCl adduct of 2-(vinyloxy)ethyl methacry-
late (VEM-HCl) as the initiator in conjunction with zinc
iodide (ZnI

2
) to give the macromonomer (MA-PIBVE)

with a narrow molecular weight distribution (M
w
/M

n
 <

1.1).    The number-average end functionality (F
n
) esti-

mated by the 1H NMR analysis was close to unity, indi-
cating that the macromonomer has one methacryloyl
group at the initiating end.  The estimated number-
average degrees of polymerization (DP

n
s) of MA-PIBVE

were in good agreement with the IBVE/initiator (VEM-
HCl) feed molar ratios.  All the obtained macromono-
mers have a narrow molecular weight distribution
(MWD) and controlled DP

n
.

ATRP of Macromonomers
  The polymerization of MA-PIBVE by ATRP was con-
ducted under a homogeneous condition using 4,4

,
-di-n-

heptyl-2,2
,
-bipyridine (dHbipy) as the ligand, which co-

ordinates copper(I) to solubilize the resulting complexes
in the polymerization medium.  The polymerization was
carried out using ethyl 2-bromoisobutyrate as the initia-
tor in conjunction with copper(I) bromide (CuBr) in
diphenyl ether solution (50 wt.-%) at 50 oC [2].  The po-
lymerization of MA-PIBVE (M

n
 = 1.6 x 103) with a mo-

lar ratio [M]
0
/[I]

0
/[CuBr]

0
/[dHbipy]

0
 = 30/1/1/2 smoothly

occurred without an induction period, and the conversion
reached ca. 90% in 5 h.  Moreover, the plot of ln[M]

0
/[M]

versus time was linear up to about 70%-conversion, indi-
cating that the number of growing radicals remained con-
stant.  Deviations from the linear line were observed at
higher conversions.  This might be attributed to the in-
creasingly high viscosity of the polymerization medium

rather than to irreversible termination reactions such as
recombination of growing radicals.
  As shown in Figure 1, the number-average molecular
weights (M

n
) of the obtained polymacromonomers in-

creased linearly with the conversion, while the MWDs
stayed fairly narrow with  M

w
/M

n
 < 1.2.  These M

n
 and

M
w
/M

n
 values were estimated by polystyrene-calibrated

GPC, and hence they are apparent values.  Static light
scattering measurements were made for one of the
polymacromonomers.  The weight-average molecular
weight (M

w
) determined by light scattering was 5.0 x 104.

This value is much larger than the GPC value (M
w
 = 2.4 x

104) but reasonably well agrees with the theoretical value
of 4.2 x 104 calculated from M

w
 = M

n,calcd
 x (M

w
/M

n
)

GPC
,

where M
n,calcd

 is the M
n
 value calculated with the initiator

to (converted) monomer ratio, and (M
w
/M

n
)

GPC
 is the GPC

polydispersity index.  All these results support the “liv-
ing” nature of the ATRP of MA-PIBVE.  The small value
of M

w
 (or M

n
) estimated by GPC suggests the multi-

branched structure of the polymacromonomer that is
more compact in hydrodynamic volume than the linear
analog with a similar molecular weight.
  Experiments were also carried out with higher [M]

0
/[I]

0

ratios.  Preliminary experiments using MA-PIBVE of M
n

= 1.6 x 103 with the molar ratios of [M]
0
/[I]

0
/[CuBr]

0
 =

60/1/1 and 100/1/1 showed that the polymerization pro-
ceeded too slowly or did not occur at all.  We then at-
tempted polymerization with an increased [CuBr]

0
/[I]

0

ratio to promote polymerizability.  In all cases up to the
ratio of [M]

0
/[I]

0
 ~ 200, the polymerization proceeded in

a controlled manner to give polymacromonomers with a
narrow MWD.

References
[1] Yamada, K. et al., Macromolecules, 1999, 32, 290.
[2] Wang, J. S. et al., J. Am. Chem. Soc., 1995, 117, 5614.

Figure 1.  M
n
, M

w
/M

n
, and MWD curves of polymacromonomers obtained by the

ATRP of MA-PIBVE (M
n
 = 1.6 x 103) in diphenyl ether (50 wt.-%) at 50 oC:

[M]
0
/[ethyl 2-bromoisobutyrate]

0
/[CuBr]

0
/[dHbipy]

0
 = 30/1/1/2 (molar ratio).
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Hydrocarbon Molecules with Novel Structure: a
 Dehydroannulene with Silver(I)-Complexing Ability and a

Double C60 Adduct of Pentacene

The first silver(I) complexes of tetradehydro[16]annulene fused with four bicyclo[2.2.2]octene units
were synthesized, and the incorporation of the silver atom into the cavity center was shown by X-ray
crystallography.  The degree of complexation was affected by the counteranion.  In contrast to the
AgOTf complex, the AgSbF6 complex was found to be more strongly coordinated to the
dehydroannulene ligand.  On the other hand, the solid-state reaction using high-speed vibration milling
technique was applied to cycloaddition of fullerene C60 to pentacene.  There was obtained a new C60
double adduct as a unique product for the solid-state reaction.

Keywords: dehydroannulene / silver complex / C60 / cycloaddition / mechanochemistry

Koichi Komatsu, Tohru Nishinaga, Yasujiro Murata, Tetsu Kawamura,
and Noriyuki Kato

ORGANIC MATERIALS CHEMISTRY  ––High-Pressure Organic Chemistry––

Scope of Research

Fundamental studies are being made 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 π-
systems; chemical transformation of fullerene C60; utilization of carbon monoxide and dioxide for organic synthesis under the
transition-metal catalysis.

1.  A Dehydroannulene with Silver(I)-Complexing
Ability [1].

Dehydroannulene is a macrocyclic conjugated π−sys-

tem containing acetylene linkage(s).  Previously we re-

ported the synthesis of a series of dehydroannulenes
fused with bicyclo[2.2.2]octene frameworks [2].  The

heightening of the HOMO of the π−systems due to the σ-

π conjugation with the σ-bonds in rigid bicyclic frame-
works has been demonstrated by electrochemical mea-

surements.

The electron donation from the HOMO of the π−sys-
tem should work favorably for complexation of a metal

ion in the cavity of the cyclic π−system.  Thus, when
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tetradehydro[16]annulene 1 was allowed to react with an

equimolar amount of either AgSbF6 or AgOTf, the corre-
sponding silver complexes were obtained as red crystals

in 92 or 84% yield.  The results of X-ray crystallography

indicated that the silver ion is encapsulated in the middle
of the cavity of the π−system, and is more strongly coor-

dinated by the ligand for 1·AgSbF6 than for 1·AgOTf.

1
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about 30 minutes in spite of the heterogeneous solid-

state reaction conditions (Scheme 1).

The similar high-speed vibration milling of C60 with
pentacene was found to afford not only the symmetrical

monoadduct 2 but the double C60 adduct 3 as shown in

Scheme 2.  Adduct 3 was not obtained by the reaction in
solution in toluene, and is supposed to be formed by

highly selective trapping of the non-symmetrical

monoadduct 4 from the anti-face by the second C60
molecule, which exists abundantly in the surroundings

of 4 under the present solvent-free conditions.  Thus, in

this particular case, the present reaction conditions ap-
pear to be favorable for the trapping of the kinetic prod-

uct.

The electrochemical measurement on the double C60
adduct 3 indicated that there is no appreciable through-

space interaction between the two C60 cages within the

molecule.
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The Ag-C(alkyne) distance of 1·AgOTf varies only from

2.714(7) Å to 2.863(7) Å, indicating almost equal coordi-

nation with the four acetylene units whereas the ligand of
1·SbF6 is slightly deformed due to the stronger coordina-

tion with a pair of acetylene units which are opposite

with each other.  The Ag-C distance at the stronger coor-
dination site is 2.52(1)–2.54(1) Å as shown in Figure 1.

These results are in good agreement with the Mulliken

charge calculated at the HF/STO-3G level for the silver
atoms of AgSbF6 and AgOTf using the X-ray structures.

Apparently the annulene-type ligand in the present work

is reducing the positive charge on the silver atom and the
extent of this reduction is larger for the case of AgSbF6.

This type of coordination is presumed to be principally

due to the interaction between the HOMO of the ligand
and the LUMO of the metal, and the annelation with the

bicyclic frameworks, which raises the HOMO level of

the π−system, has strengthened this interaction as ex-
pected.

2.  A Double C60 Adduct of Pentacene.
The mechanochemical solid-state reaction of

fullerene C60 using a technique of high-speed vibration

milling has been successfully utilized in our group in the
nucleophilic addition of organozinc reagent [3] and the

selective dimerization of C60 to give the first fullerene

dimer C120 [4].
When this technique was applied to the [4+2] cy-

cloaddition of C60 with anthracene, it was found that an

apparent equilibrium state can be established within

Scheme 1

––

Scheme 2

+
Vibration
milling
1 h

2 3

4

+

31° 15°

SbF6
-

Ag+

2.5 Å

2.9 ~ 3.0 Å

Figure 1.  Molecular structure of 1·SbF6 determined 
by X-ray crystallography.  A side view and a top view 
(with SbF6 eliminated for clarity).
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SYNTHETIC ORGANIC CHEMISTRY       –Synthetic Design–

{Tris[2-(dimethylamino)phenyl]germyl}lithium (1) has been prepared from the corresponding hydrogermane (3)
with tert-butyllithium.  X-ray analysis of 1 shows that 1 exists as a mono-chelated monomer, where the lithium
atom is coordinated with one of the amino groups and with two THF molecules.  Reaction of 1 with elemental
selenium gives 2,2,4,4-tetrakis[2-(dimethylamino)phenyl]-1,3,2,4-diselenadigermetane (2).  The nitrogen donor

induces a novel type of reaction for the formation of the heterocyclic compound.

Keywords:  Germyllithium / 2-(Dimethylamino)phenyl ligand / Chelation / Solid-state structure /

   Diselenadigermetane

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 π-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.
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Synthesis, Structure and Reaction of

{Tris[2-(dimethylamino)phenyl]germyl}lithium

Atsushi Kawachi, Yoko Tanaka and Kohei Tamao

Among a variety of Group 14 element-alkali

metal compounds, germyllithium compounds have been
well studied from the synthetic view point, but structural

studies have been less developed.  Thus germanium-

lithium bond character is still unclear.  We report here
the preparat ion of  { t r is [2-(dimethylamino)-

phenyl]germyl}lithium (1) and its structure in the solid

state.  We also report the reaction of 1 with elemental
selenium to resul t  in format ion of  1,3,2,4-

diselenadigermetane 2.
1. Synthesis and Structure of 1 [1]

The germyl l i th ium 1 was prepared by

deprotonation of the hydrogermane 3 [2] with tert-
butyllithium (3.3 mol amt.) in THF at –40 °C in 93%

yield, as shown in Scheme 1; the yield was estimated by

quenching with D2O.  When 3 was treated with a defi-
cient amount of tert-butyllithium (1.2 mol amt.), 1 could

be isolated as pale yellow crystals in 33% yield after re-

crystallization from toluene at –20 °C.

X-ray analysis of the crystal reveals that 1 has a

monomeric structure in the solid state, as shown in Fig-
ure 1.  The most striking feature is the highly distorted

geometry around Ge(1) due to the unsymmetrical inter-

action of Li(1) with the amino group.  Li(1) bonded to
Ge(1) is coordinated with N(1) of one of the three NMe2
groups, forming a five-membered chelate ring consisting

of Li(1), Ge(1), C(1), C(2), and N(1).  Li(1) is also coor-

Scheme 1

t-BuLi (x 3.3)
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H
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Ge

Li

THF

13
 –40 °C, 1 h



ICR Annual Report, Vol. 5, 1998 35

dinated with O(1) and O(2) of two THF molecules arising

from the reaction solvent.  The Li(1)–Ge(1) bond length
(2.598(9) Å) is the shortest among those of the character-

ized germyllithium compounds (2.613(3)–2.759(24) Å).

The Li(1)–N(1) bond length (2.15(1) Å) is longer than the
sum of the covalent radii (Li 1.23 Å; N 0.70 Å), but nor-

mal as the coordinative Li–N bonds (2.01–2.17 Å).  The

intramolecular coordination of N(1) to Li(1) reduces the
angle of Li(1)–Ge(1)–C(1) to 83.9(3)°.  As a result, Li(1),

Ge(1), C(9), and C(17) are almost coplanar; the sum of the

three angles of Li(1)–Ge(1)–C(9), Li(1)–Ge(1)–C(17),
and C(9)–Ge(1)–C(17) is 359.5°.  In spite of the distorted

geometry, however, there are no significant differences

among the three Ge–C bonds (2.042(6), 2.030(5), and
2.054(5) Å) and the three C–Ge–C angles (96.8(2),

99.2(2), and 98.4(2)°).  It is also noted that the sum of the

latter (294.4°) is strongly reduced from the sp3 tetrahedral
value (328°).  Thus, the geometry of 1 may be designated

pyramidal rather than distorted tetrahedral.

We performed an ab initio calculation of 1•(THF)2
at HF level using the 6-311+G* basis set on Li and Ge

atoms and the 6-31G basis set on H, C, N, and O atoms.

The molecular orbital analysis of the anionic electrons
(HOMO) indicates that the lithium atom is located not

along the vector of the anionic electrons but aside.  This

may be represented as an intramolecular separated ion
pair, which is not unusual if the Ge–Li interaction is weak

while the N–Li coordinative interaction is relatively

strong.

2. Reaction of 1 with Selenium [3]
Previously we reported the preparation and struc-

ture of tris[2-(dimethylamino)phenyl]germanol (4),

which contains the germanium–oxygen bond and exhib-

its intramolecular hydrogen bonding between the hy-

droxyl group and one of the amino groups [2].  This find-
ing prompted us to prepare and isolate a heavier Group

16 element analog, germaneselenol 5.

The germyllithium 1 in THF was allowed to suc-

cessively react with selenium powder and with lithium
aluminum hydride, followed by hydrolysis.  Crystalliza-

tion of the product from THF did not afford 5 but unex-

pectedly afforded the diselenadigermetane 2 in 37 %
yield, as shown in Scheme 2.

The molecular structure of 2 was determined by
X-ray analysis.  The Ge–Se bond lengths are 2.3678(6)

and 2.3716(9) Å, which are among the normal Ge–Se

single bond lengths (2.337–2.421 Å).  The intramolecu-
lar Ge...Ge distance is 3.168(1) Å.  The ratio of the

Ge···Ge nonbonding distance to the Ge–Se bond length is

1.34, which is in good agreement with the values of the
approximate homology rule proposed by Kabe and

Masamune [4].

The mechanism of the formation of 2 is still un-
clear, but 2 turned out to be the secondary product from

the zwitterionic species 5', perhaps via intra- and/or in-

termolecular protodegermylation, as indicated by the 1H
NMR results.  Thus the nitrogen donor intramolecularly

activates the selenol proton, inducing a novel type of re-

action for the formation of the heterocyclic compound.
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The First Synthesis of an Optically Active Molecular Bevel

Gear with Only Two Cogs on Each Wheel

Kaoru Fuji, Takeo Kawabata, and Takahiro Oka

Keywords: Binaphthyl ether/ Molecular gear/ Atropisomer

Both enantiomers of the molecular bevel gear 1 having only two cogs on each wheel consisting

of 8,8'-disubstituted 1,1'-binaphthyl ether were synthesized for the first time.

Bis(9-triptycyl) derivatives, including bis(9-
triptycyl)methane and bis(9-triptycyl) ether, have been
studied extensively from the viewpoint of physical
chemistry.  These derivatives are molecular gears
possessing three cogs on each wheel.  Introduction of a
substituent to one of the three benzene rings in each
triptycyl unit affords three isomers including d-, l- and a
meso-form.  Interconversion of one isomer to another
occurs through gear slippage.  This type of isomerization
is known as residual stereoisomerism1 or phase
isomerism.2  On the other hand, such a stereoisomerism
gives only d- or l-isomer in the simplest molecular bevel
gear possessing only two cogs on each wheel, the gear
slippage of which results in racemization.  Here, we
report the first synthesis of an optically active molecular
bevel gear with only two cogs consisting of two
naphthalene rings.

Derivatives of 1,1'-binaphthyl, especially 2,2'-
dihydroxy-1,1'-binaphthyl, have been extensively
studied as a basic structure for catalytic asymmetric
reactions, a chiral auxiliary in stoichiometric asymmetric
reactions, and a chiral unit in asymmetric molecular

recognition.  Advantages of compounds with axial
chirality as a chiral source include that they provide an
effective chiral environment produced by two planes
consisting of p-electrons, and that the chiral environment
is flexible enough to relieve or adjust the steric interaction
by changing the dihedral angle between two aromatic
planes.  Since an optically active molecular bevel gear has
two covalent bonds that can be rotated, it must therefore
be more flexible than the normal atropisomers in terms of
accommodating the steric interactions.  Therefore, in
addi t ion to i ts  interest  for  invest igat ions of
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induction, desymmetrization of symmetrical compounds, asymmetric alkylation of carbonyl compounds based on "memory of
chirality", use of binaphthalenes in the asymmetric Wittig-type reactions, syntheses of molecular switch, and Taxus diterpenoids.

Secretary
IZAWA, Yukako
Guest Research Associate
LAKSHMAIAH, Gingipalli; SHANG, Muhong; YANG,
Xiaosheng
Students
WATANABE, Toshiyuki (DC); MOMOSE, Yashima
(DC); OHNISHI, Hiroshi (DC); KOYAMA, Naohisa
(MC); NAGAE, Yoshikazu (MC); NURUZZAMAN,
Mohammad (MC); YAMAMOTO, Kensaku (MC);
YOSHIDA, Masato (MC); FUJII, Kunihiko(MC);
HAYASHI, Noriyuki (MC); OHTSUBO, Tadamune
(MC); MUKOYOSHI, Koitiro (UG); SUZUKI, Ryutaro
(UG); TANAKA, Hiroyuki (UG)
Research Fellow
KINOSHITA, Naozumi
Research Student
YOSHIDA, Hiroshi

Professor

FUJI,

Kaoru

(D Pharm Sc)

Assoc Prof

KAWABATA,

Takeo

(D Pharm Sc)

Instructor

TUBAKI,

Kzunori

(D Pharm Sc)

Technician

TERADA,

Tomoko

SYNTHETIC ORGANIC CHEMISTRY — Fine Organic Synthesis —



ICR Annual Report, Vol. 5, 1998 37

0
00
00

(B)(A)

Figure 2. Two views of the X-ray structure of 11
emphasizing the difference between two naphthyl rings:
(A) through the axis between C-41 and the ether oxygen; 
(B) through the axis between C-12 and the ether oxygen.
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Figure 1. X-ray crystal structure of 11, (A) showing full atoms except
hydrogens, (B) showing the basic skeleton of 11 to indicate the direction 
of the effective transition moment.

physicochemical properties, the optically active
molecular bevel gear with only two cogs on each wheel
deserves to be studied as a chiral source for asymmetric
syntheses and molecular recognition.  We chose
compounds of type 1 with substituents at the 8- and 8'-
positions as a basic structure for the bevel gear with two
cogs, because the naphthyl ring has a large blade area and
because a substituent demanding large steric interaction
should be required to prevent the gear slippage.  Iwamura
et al.3 reported that the gear slippage barrier of bis(9-
triptycyl) derivative 2 was highest when two triptycyl
groups were connected with the oxygen atom due to the
orders of the relevant bond lengths and the stretching and
bending force constants.  Accordingly, we decided to
connect two naphthyl rings with the oxygen atom to
synthesize the compounds 1 (X=O), the enantiomers of
which were expected to be isolated more easily than
those of 1 (X=CH2) and 1 (X=NH).

The synthesis of the 8,8'-diformyl-1,1'-binaphthyl
ether 6 is shown in Scheme 1.  The Ullmann ether
synthesis with 1-bromo-8-methylnaphthalene (3) and 1-
hydroxy-8-methylnaphthalene (4) gave binaphthyl ether
5 in 31% yield.  Bromination of 5 with NBS followed by
oxidation with sodium salt of 2-nitropropane afforded
dialdehyde 6 in 61% yield.  Reduction of 6 with lithium
aluminum hydride gave the corresponding diol 7 in 98%
yield, which was converted to diacetate 8 (92%).  The
diacetate 8 was shown to be a racemic mixture by HPLC
analysis using a chiral column (see Supporting
Information).  The activation energy for the racemization
(gear slippage) was found to be 93.3 kJ/mol at 20 °C (t1/
2 = 38 min) by measuring the time-dependent decrease in
the enantiomeric excess of 8 by HPLC.

Introduction of a bulky group at the 8- and 8'-
positions was expected to increase the activation energy
sufficiently to isolate each enantiomer of the bevel gear
with two cogs.  The reaction of 6 with phenyllithium
gave a diastereomeric mixture of alcohols 9.  The Jones
oxidation of 9 fol lowed by the reaction with
phenyllithium gave diol 10 in 30% yield for two steps.
Each enantiomer of 10 was separated by preparative
HPLC on a chiral column.  The diester 11 was isolated in
7% yield from a mixture obtained by the reaction of 9
with (S)-(+)-a-methoxy-1-phenylacetic acid.  Figure 1A
and B shows the crystal structure of 11 and the effective
transition moment of the two naphthyl rings, suggesting
their negative chirality.  An interesting finding of the X-
ray analysis is that one of the naphthyl rings is almost
planar, while another is slightly distorted (Fig. 2), though
both naphthyl rings are expected to be completely
identical, even with respect to the substituents at the peri-
position.  Hydrolysis of 11 gave optically active 12.  The
CD spectra of 11 and 12 gave rise to exciton-split bands

with negative Cotton effects at longer wavelength.
Comparison of the CD spectra of (+)- and (-)-10 with
those of 11 and 12 led to the conclusion that the sense of
chirality of (+)-10 is the same as those of them, and vice
versa for (-)-10.  The activation energy for gear-slippage
(racemization) of optically active 10 was determined to

be 126.4 kJ/mol at 111 °C in toluene.
Utilization of this novel chiral source for

molecular recognition and asymmetric syntheses is
currently underway in our laboratory.
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Conformational Effect (Induced-Fit) on Catalytic Activity of

α-Chymotrypsin

Yasushi Kawai, Takashi Matsuo, and Atsuyoshi Ohno

The kinetics for the hydrolyses of p-nitrophenyl esters of acetic acid and certain amino acid derivatives
mediated by α-chymotrypsin have been studied.   The kinetics are a function of the medium viscosity,
which indicate that the enzyme must change its conformation during the reaction.  Detailed analysis of
the dependence of kinetic rate constants on the medium viscosity has revealed that the induced-fit
conformational adjustment of enzyme plays a crucial role in its catalytic activity.

Keywords : Induced-Fit Theory / α-Chymotrypsin / Medium Viscosity / Catalytic Activity

The viscosity of the medium was changed by adding
appropriate amount of glycerol to buffer solutions of α-
chymotrypsin as a viscogen.   Figure 1 illustrates the
dependence of k

cat
, k

2
 and k

3
, respectively, on medium

viscosity.   The rate constant k
2
 decreases as the medium

viscosity increases in all the substrates studied, which
reveals that a chemical reaction that takes place between
a substrate and the enzyme must be associated with the
change in the conformation of the enzyme in order to
accommodate an acyl group in its pocket appropriately to
form the acyl enzyme.

An acyl enzyme with an unfavorable conformation,

BIOORGANIC CHEMISTRY   – Bioorganic Reaction Theory  –

Biochemical reactions are studied from the viewpoint for physical organic chemistry.   Specifically, the reaction

mechanism and stereochemistry of NAD-dependent oxidoreductases are explored.   Stereospecific redox

transformations mediated by certain biocatalysts such as microbes, enzymes, cultured tissues are also studied.

The results will be applied to develop new organic reactions.
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Scope of research

According to the induced-fit theory [1], conformation
of an enzyme changes depending on the structure of a
substrate when it forms an enzyme-substrate (ES)
complex with the substrate so that the catalytic
functional groups in the active site of the enzyme are
arranged according to their most appropriate positions
for the chemical reaction.   Although the above idea
clearly explains the extraordinary rate enhancements by
enzyme catalysis, there has been no report on the
participation of the conformational change in the
enzymatic reactions.   If the conformational change is
associated with the reaction of a chymotrypsin, a series
of reaction kinetics as a function of medium viscosity
will surely contribute to endorse the proposed process.
Thus, we studied the kinetics of a series of reactions of α-
chymotrypsin with p-nitrophenyl acetate and certain
amino acid derivatives as substrate [2].   The simplified
reaction scheme is illustrated in Scheme 1, which will be
revised as the discussion proceeds.

Scheme 1
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i .e.,  a conformation that was not adopted to
accommodate the acyl group, tends to eject the acyl
group from its pocket so as to stabilize itself as the free
enzyme.   Thus, the decrease in k

2
 is coupled by an

increase in k
3
.   However, the increase in k

3
 with the

increase in medium viscosity is not monotonic.   Instead,
it begins to decrease at about η ≈ 1.6 mPa s.   This is
accounted for by the presence of an additional process in
this step, which becomes unfavorable as the medium
becomes more viscous.   We assign this additional
process to the product releasing step with a rate constant
of k

4
.   This assignment proposes that the conformation

suitable for the acyl enzyme is also suitable for releasing
P

2
, the acid part of the substrate.   In other words, the

release of free acid from the enzyme of undistorted
conformation is not a simultaneous process.   The release
of P

2
 requires energy corresponding to the release of

distortion energy that exists in the conformationally
distorted enzyme, and Scheme 1 is now revised to
Scheme 2 by taking into account the induced-fit
conformational adjustment for the release of P

2
.

Figure 1.  Dependence of kinetic parameters on medium viscosity: ● 1, ■ 2, ▲ 3: (a) k
cat

, (b) k
2
, (c) k

3
.

independence of the k
2
 step shown in Fig. 1(b), also

support the idea that the hydrolysis of acyl enzyme is (at
least in part) the rate-determining step of the present
reaction under normal conditions.   However,
interestingly, the rate-determining step is shifted to the k

2

step in the reactions occurring in highly viscous media
for certain substrates.   An exception is the reaction with
1, where the rate-determining step is always in the k

3
/k

4

step even in the most viscous medium studied.
The observation that the maximum position in the

plot of k
3
/k

4
 step for 1, if any, shifts to higher viscosity

than the other amino acid substrates indicates that the
reaction of this substrate is less sensitive to induced-fit
conformational adjustment than the reactions of other
substrates.   The result obtained herein has good
agreement with that obtained by proton inventory
kinetics [3], where 1 was found to be associated by the
movement of one proton whereas other amino acid
substrates were associated with the movement of two
protons at their respective transition states.   In other
words, 1 is not an appropriate substrate for studying the
catalytic activity of α-chymotrypsin.   Although,
conventionally, 1 has been employed as a typical
substrate in the study of catalytic activity of α-
chymotrypsin, one should be very careful in extending
the results obtained with 1 as a substrate to the discussion
of the general mechanism of α-chymotrypsin hydrolysis.

Consequently, we now believe that both acylation/
deacylation and release of products P

1
/P

2
 are dependent

on the induced-fit conformational adjustment in the
hydrolysis of an ester by α-chymotrypsin.   More results
should be accumulated using substrates of various types
before we reach a conclusion.
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The shapes of the curves for k
cat

 shown in Fig. 1(a) are
similar to those for k

3
/k

4
 shown in Fig. 1(c), which stems

from the fact that this step is more sensitive process to the
effect of induced-fit conformational adjustment than the
k

2
 step and the chemical (catalytic) reactivity of the

enzyme is regulated by this process.   It has been known
that the rate-determining step in the enzymatic
hydrolysis of an ester is the step in which the acyl
enzyme is hydrolyzed into a free enzyme and an acid.
Absolute values for k

2
 and k

3
, as well as substrate

Scheme 2
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Newly designed zinc-finger peptide  Sp1ZF9 containing nine Cys
2
-His

2
 type motifs has been manipulated.

The DNA binding property of Sp1ZF9 was compared with those of native three zinc-finger Sp1(530-623)

and artificial six zinc-finger Sp1ZF6 peptides. Although the equilibrium time was less than 0.5 hr for

Sp1(530-623)-DNA complex, Sp1ZF6 and Sp1ZF9 required approximately 48 and 72 hrs respectively for

full complex formation. Evidently, the footprinting analysis demonstrated that Sp1ZF9 and Sp1ZF6 bind at

least 27 and 18 contiguous base pairs of DNA sequence, respectively. Sp1ZF9 showed two step bindings to

DNA, namely first the recognition of GC (5’-GGG-GCG-GGGCC-3’ ) sequence by the N-terminal Sp1

domain and next the recognition of the corresponding target sequences by the middle and C-terminal Sp1

domains. In contrast with unimolecular binding of Sp1ZF9 and Sp1ZF6, two Sp1(530-623) molecules bind

to one GCIII (5’-GGG-GCG-GGG-GGG-GCG-GGG-GGG-GCG-GGGCC-3’) site region. Of special

interest is the fact that new nine zinc-finger peptide Sp1ZF9 can bind to DNA sequence of approximately

30-base pairs. Such multi zinc-finger peptides may be useful as genome-specific transcriptional switches in

future.

Key Words: Zinc-finger protein/ transcription factor/DNA recognition/ multi finger/ artificial protein

Artificial Nine Zinc-Finger Peptide with 30-Base
               Pair Binding Sites†
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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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　DNA binding proteins selectively bind to specific DNA

sequence, and play an important role in biological

systems.1 Zinc-finger domain of Cys
2
-His

2
 type is a

typical class of DNA binding protein, and contains the

sequence of (Tyr, Phe)-X-Cys-X
2-4

-Cys-X
3
-Phe-X

5
-Leu-

X
2
His-X

3-5
-His, usually in tandem arrays.2-5 The X-  ray

crystal structures of the Zif268- and GLI-DNA complexes

revealed the characteristic DNA binding mode of zinc

finger proteins as follows: (1) recognition of three bases

per one finger motif, (2) structure of tandemly repeated

finger domain, and (3) binding to the sequence of

asymmetric base pairs.6-9 Transcription factor Sp1 involves

BIOORGANIC CHEMISTRY- Bioactive Chemistry-
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three Cys
2
-His

2
 type zinc-finger motifs at the C-

terminus of protein,10 and is closely related to Zif268.11,

12 Indeed, Sp1 strongly binds to GGG-GCG-GGG

sequence. On the basis of the nature of Cys
2
-His

2
 type

zinc-finger motif and recognition bases of Sp1, we

designed novel nine zinc-finger peptide Sp1ZF9 and

also its DNA binding properties were compared with

those of three finger Sp1(530-623) and six finger

Sp1ZF6 peptides. DNA binding of nine zinc-finger

protein TFIIIA is well known to be dominated by

interaction of select few fingers.2, 8, 13-15 Therefore, it is

of special interest to create new nine zinc-finger peptide

that can bind to DNA sequence over an extended region

of 30-base pairs. Such multi zinc-finger peptides may

be hopeful in future gene therapy strategies. Certainly,

molecules with high DNA binding affinity and long

sequence specificity in the human genome are useful

tools in molecular biology and potentially in human

medicine.16-18

Design of multiple zinc-finger proteins: Novel

multiple zinc-finger peptides, Sp1ZF6 and Sp1ZF9,

were newly created from zinc-finger motif of

transcription factor Sp1. These peptides were

constructed by connecting C-terminal Sp1 molecule to

N-terminal of a following one. The Krüppel-type linker

(Thr-Gly-Glu-Lys-Pro) which is conserved in many

zinc-finger proteins, was selected for connection of Sp1

finger domains. This linker plays in controlling the

orientation and spacing of adjacent finger and also is

involved in nonspecific interaction with phosphate

backbone of DNA.6, 8, 19, 23, 24

Binding specificity of Sp1(530-623), Sp1ZF6, and

Sp1ZF9.  In gel mobility shift assays, the binding sites

were predicted from Sp1 recognition site (GGG GCG

GGG).10 The equilibrium time was less than 0.5 hr for

Sp1(530-623)-DNA complex. By contrast, Sp1ZF6 and

Sp1ZF9 required approximately 48 and 72 hrs,

respectively. To determine binding specificity of the

multiple zinc-finger peptides, we performed the gel

mobility shift assays with two DNA fragments. The

binding affinity of Sp1(530-623) was no significant

difference in three DNA fragments. Sp1ZF6 showed

about 20-fold preferential binding to GCII compared

with GC. Sp1ZF9 gave approximately 30-fold higher

affinity with GCIII than GC. The results reveal that the

length of the binding DNA sequence is dependent on

 the number of these zinc-finger motifs. On the other hand,

the binding affinities for GCIII complexes of Sp1ZF6 and

Sp1ZF9 were considerbly close. Probably, this is because

GCIII sequence contains both GC and GCII sequences. Two

Sp1(530-623) molecules bind to one GCIII fragment but

Sp1ZF9(or Sp1ZF6) does with unimolecule.

DNA binding of multiple zinc-figer peptides: In order to

examine the DNA binding site of Sp1ZF6 and Sp1ZF9 on

GCIII, DNase I footprinting assays were performed. Under

lower peptide concentration, Sp1(530-623) bound the GC-

box of 3’-portion. With increasing the peptide concentration,

the GC-box of 5’-portion was protected and also the

hypersensitive breakages were detected at C(14) and G(15)

within the middle GC-box. Clearly, two Sp1(530-623)

peptides bound to GCIII. On the other hand, Sp1ZF6 and

Sp1ZF9 exhibited different binding features from Sp1(530-

623). Sp1ZF6 bound to longer sites than 18 bp of 3’-end in

the GCIII. Sp1ZF9 protected slightly longer binding sites

than the 27 bp target site.

  Binding affinity of Sp1ZF9 to GCIII.  To estimate

accurately the binding affinity, the active peptide

concentration should be calculated on the basis of only the

preparation fraction which is active to bind to DNA.

However, the larger peptide may be expected to be less likely

to fold and more likely to be oxidized in long equilibrium

period.  By using the peptide prepared freshly, therefore,

we determined approximate DNA binding affinity of

Sp1ZF9.  In the case of 72 hr, apparent equilibrium

dissociation constant (K
d
) was 1.2±0.3 nM.  Recently, we

determined that the dissociation constant (K
d
) of three zinc-

finger Sp1(530-623) peptide for GC-box DNA is 3.5±0.5

nM.25

    In conclusion, newly designed nine zinc-finger peptide

Sp1ZF9 binds a contiguous 27-bp DNA. The multiple zinc-

finger peptide has two steps of the sequence recognition

and binding for peptide-DNA complex formation. Recently,

zinc-finger motifs contacting with various sequences were

selected by the technique of phage display.29-32 The present

results would provide good information for design of new

DNA binding proteins to recognize long DNA sequence.

Indeed, human Y-box binding protein gene promoter33 and

human immune activation (Act-2) gene34 include GCIII-

like long GC sequences.  In future gene therapy, such multi

zinc-finger proteins may be useful as genome-specific

transcriptional switches.
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CYP2D Microsatellite Polymorphism in Lewy Body Variant
of  Alzheimer's Disease and Parkinson's Disease

The Lewy body variant (LBV) has been recognized as a distinct subset of Alzheimer’s disease (AD).  In

this study, we conducted an allelic association study in patients with pure AD, LBV and also Parkinson’s

disease (PD) by using the CYP2D microsatellite, the (dG-dT)n dinucleotide repeat (n = 16 - 27) located

between CYP2D8P and CYP2D7 genes.  The alleles longer than 21 repeat (the long-type alleles) were

excessively represented in LBV (allele frequency, 0.313) compared with the age-matched control (0.186)

(odds ratio = 1.99, p = 0.019 by χ2 test).  This overrepresentation was also found in PD (0.298) (odds ratio

= 1.86, p = 0.037), but not in pure AD (0.196).  The long-type alleles showed a strong association with the

CYP2D6 B mutation (odds ratio = 88.50, p < 0.001 by Fisher’s exact test), but not with the D mutation or

the deletion of CYP2D6 gene.  These findings confirmed a close association of the CYP2D locus with

LBV and PD, indicating the following two possibilities: the involvement of the CYP2D6 B mutation in

pathogenesis of LBV and PD in a dominant-negative manner; or the linkage disequilibrium of the CYP2D

microsatellite to another pathogenic gene locus.  The microsatellite of the CYP2D locus could be an

informative marker in the genetic study of LBV as well as PD.

Keywords :  CYP2D6 / Microsatellite / Alzheimer's disease / Parkinson's disease / Lewy body

Seigo Tanaka, Naomi Matoh and Kunihiro Ueda

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 significance

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 (de)localization of proteins in association with apoptosis,

and the molecular etiology of Alzheimer's disease and related disorders.
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   Alzheimer’s disease (AD) and Parkinson’s disease (PD) are

considered complex multifactorial diseases, with an interaction

of genetic susceptibility [1, 2] and environmental factors against

a background of aging. The Lewy body variant (LBV) repre-

sents a clinico-pathologically defined subset of AD. It is char-

acterized by the presence of Lewy bodies (LBs) in neocortical

and subcortical regions of the AD brain. The LB is an intracyto-

plasmic neuronal inclusion and a hallmark of idiopathic PD.

Genetic analyses have revealed the association of the CYP2D6

B mutation with PD. CYP2D6 codes for one form of cytochrome

P450 enzyme, which is responsible for hydroxylation of several

substances.  The CYP2D gene cluster consists of CYP2D8P,

CYP2D7 and CYP2D6 genes in the order from 5' to 3' on chro-

mosome 22 at q13.1-13.2. The B mutation of the CYP2D6 gene

is a G to A transition at the intron 3 - exon 4 junction, which

shifts the position of the 3' splice site, leading to a frameshift.
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and inactivation of this enzyme.

      In the CYP2D gene locus, the microsatellite, a (dG-dT)n

dinucleotide repeat, is located between the CYP2D8P and

CYP2D7 genes.  In this allelic association study, we analyzed

the CYP2D microsatellite in patients with pure AD, LBV and

PD [3].  This microsatellite, which is in the linkage disequilib-

rium with the CYP2D6 B mutation, proved to be a useful marker

for assessment of CYP2D6 gene involvement in LB-associated

diseases (LBV and PD).

I. Polymorphism of the CYP2D microsatellite.

We found 12 alleles in the CYP2D microsatellite.  The size of

PCR products ranged from 96 to 118 bp (Figure 1). The number

of (dG-dT)n repeat ranged from 16 to 27.  We named each allele

A16 to A27 by the repeat number.

II. CYP2D microsatellite polymorphisms in pure AD, LBV and

PD.

We then analyzed the distribution of allele frequencies of CYP2D

microsatellites in the control and disease groups. The frequen-

cies of the short- and long-type alleles were significantly asso-

ciated with the control and disease groups.  The long-type allele

was excessively represented in LBV (0.313) compared with

control (0.186) or pure AD (0.196). The PD patients also showed

this overrepresentation (0.298).

III. CYP2D microsatellite polymorphisms and CYP2D6 B mu-

tation.

The allele frequencies of CYP2D microsatellites were associ-

ated with the CYP2D6 B mutation.  Its frequency was signifi-

cantly higher in LBV (0.281) than in control (0.157) or pure AD

(0.175)  The PD patients also showed a higher value (0.234),

although the difference did not reach a significant level in this

study.

IV. CYP2D microsatellite polymorphisms and CYP2D6 D mu-

tation.

We analyzed XbaI RFLP in order to investigate a relationship

between the structure of the CYP2D gene cluster and CYP2D

microsatellite genotypes.  Four haplotypes of XbaI RFLP were

identified by Southern blot analysis. The 11.5-kb haplotype, or

the D mutant allele (deletion mutation), was not associated with

the long-type allele.  The results of the XbaI RFLP study, com-

bined with those of the PCR analysis, indicated no

overrepresentation of the CYP2D6 D mutaion in any disease

groups.

These findings confirmed a close association of the CYP2D lo-

cus with LBV and PD, indicating the following two possibili-

ties: the involvement of the CYP2D6 B mutation in pathogen-

esis of LBV and PD in a dominant-negative manner; or the link-

age disequilibrium of the CYP2D microsatellite to another patho-

genic gene locus.  The microsatellite of the CYP2D locus could

be an informative marker in the genetic study of LBV as well as

PD.
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Figure 1.  Autoradiogram of the CYP2D microsatellites.  Geno-

types are shown under respective lanes.  The CYP2D

microsatellite alleles were categorized into two groups; the short-

type (A16 - A20) (S) and the long-type (A21 - A27) (L).  The

size of the A18 band was 100 bp.  “Ghost” bands appeared, at 2-

bp intervals, above and below the true band.
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A pair of tropinone reductases (TRs) share 64% identical amino acid residues, and belong to the short-
chain dehydrogenase/reductase family.  In the synthesis of tropane alkaloids in several medicinal plants,
the TRs reduce a carbonyl group of an alkaloid intermediate, tropinone, to hydroxy groups having different
diastereomeric configurations.  To clarify the structural basis for their different reaction stereospecificities,
we determined the crystal structures of the two enzymes at 2.4- and 2.3-Å resolutions.  The overall folding
of the two enzymes was almost identical.  The substrate binding site was composed mostly of hydrophobic
amino acids in both TRs, but the presence of different charged residues conferred different electrostatic
environments on the two enzymes.

Keywords : X-ray crystallography/ Stereospecificity/ Enzymatic reaction/ al-
kaloids/ Tropinone reductase/ NADPH

Crystal  structures  of  two  tropinone  reductases:
Different  reaction  stereospecificities  in  the  same

protein  fold.
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Scope of research

Our research aims are to elucidate structure-function relationships of various biocatalysts in combination with organic chemistry,
molecular biology and X-ray crystallography, and to clarify real physiological roles in tea plants of a glycosidase and β-
primeverosidase, the latter which was found by ourselves to be mainly concerned with aroma formation during tea manufacturing.
Main subjects are (1) Design and synthesis of transition-state analogue inhibitors of ATP-dependent ligases, (2) Chemical, bio-
chemical and molecular biological studies on primeverosidase, (3) Time-resolved X-ray crystallographic study of glutathione
synthetase, (5) Development of a new type of microbial lipase by evolutionary molecular engineering, (6) X-Ray crystallography of
wild-type and mutant firefly luciferases, and (7) Overexpression and purification of pyruvate phosphate dikinase from Maize.
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Two tropinone reductases (TRs) constitute a branch-
ing point in the biosynthetic pathway of tropane alka-
loids, which include such medicinally important com-
pounds as hyoscyamine (atropine) and cocaine.  TRs
catalyze NADPH-dependent reductions of the 3-carbo-
nyl group of their common substrate, tropinone, to hy-
droxy groups with different diastereomeric configura-
tions: TR-I (EC 1.1.1.206) produces tropine (3α-
hydroxytropane), and TR-II (EC 1.1.1.236) produces
pseudotropine (ψ-tropine, 3β-hydroxytropane) (Scheme ).
The most intriguing question concerning the two TRs is
what protein structures enable the enzymes to produce
different stereoisomers from the same substrate,
tropinone.  Only a small number of the amino acid resi-

dues that differ between TR-I and TR-II may actually
participate in determining the stereospecificities, and the
overall foldings of the two enzymes may not be as differ-
ent as predicted from their primary structures (1).  To
verify this idea, we determined the crystal structures of
the TRs from Datura. stramonium (2, 3). The structures
revealed a simple evolutionary process adopted by the
TRs to acquire their different stereospecificities.
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     The subunit structures of the TR-I and TR-II dimers
are shown in Fig. 1. The two structures are almost indis-
tinguishable from each other in both subunit folding.
Conservation of the subunit structures between TR-I and
TR-II was substantiated when the two structures were su-
perimposed by the least squares method using all equiva-
lent Cα positions (rms deviation = 0.78 Å).  Both TR sub-
units consist of a core domain that includes most of the
polypeptide and a small lobe that protrudes from the
core.  A deep cleft was recognized between the core do-
main and the small lobe, which is presumed to be the
binding site for tropinone.  In the center of the core do-
main is a seven-stranded parallel β-sheet, flanked on
each side by three α-helices, which constitutes the
'Rossmann fold' topology.  This core structure is highly
conserved among the SDR family members, despite rela-
tively low residue identity between these enzymes
(~30%).  The small lobes of the two TRs are also very
similar to each other, although the structure of this region
is highly variable among SDRs for which crystal struc-
tures are known.  In TR-II, the polypeptide correspond-
ing to αG'' is disordered, and therefore could not be mod-
eled.
     TR-I protein was crystallized in the presence of
NADP+, and the bound cofactor molecules in the protein
structure could be modeled unambiguously.  As seen in
Fig.  1a, NADP+ is located at the bottom of the cleft be-
tween the core domain and the small lobe.
     Concurrent conservation of the catalytic residues and
the cofactor-binding sites leaves only one explanation for
the TR stereospecificities; tropinone should bind TR-I
and TR-II in opposite orientations.  The bound tropinone
was predicted to contact several amino acids in both TRs
(Fig. 2).  These residues are located either at the two
loops in the core domain or in the two a-helices that con-
stitute the small lobe.  The positive charge on the TR-I
surface is due to His112, which in TR-II is replaced by
Tyr100, a polar but not basic residue.  The negative
charge on the TR-II surface is generated by Glu156,

which is replaced by the hydrophobic Val168 in TR-I.
As the nitrogen atom of tropinone is positively charged
under physiological pH conditions, the charge distribu-
tions in the tropinone-binding sites agreed well with the
predicted orientations of tropinone.  In contrast, TR-I
uses a novel means to orient tropinone, namely repulsion
between the positive charges of His112 and the nitrogen
atom of tropinone.  Apart from the charged residues de-
scribed above, most of the amino acids that would con-
tact tropinone within the binding sites, are hydrophobic.
These residues would provide a favorable environment
for the binding of tropinone which generally has a hy-
drophobic nature.
     The structures presented here are the first for a pair of
enzymes that are closely related evolutionarily but
which have different reaction stereospecificities.  Com-
parison of the two TR structures made clear that opposite
reaction stereospecificities can be acquired in enzymes
that have a conserved overall folding, by changing the
amino acids in the substrate-binding site.
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Figure 1.
Subunit structure of TR-I (a),
and TR-II (b).
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Figure 2.  Schemetic view of the predicted active sites of TR-I and
TR-II.
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Non-stereospecific Transamination Catalyzed by Pyridoxal
Phosphate-dependent Amino Acid Racemases of Broad

Substrate Specificity

MOLECULAR BIOFUNCTION  - Molecular Microbial Science -

Scope of research
Structure and function of biocatalysis, in particular, pyridoxal enzymes, NAD 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 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 thermostable
enzymes and their application are under investigation.
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Although enzymatic racemization of amino acid is
apparently simple, consisting of a non-stereospecific
rearrangement of the substrate α-hydrogen, several
different types of amino acid racemases are found in
microorganisms.  Aspartate racemase  and glutamate race-
mase are independent of cofactors.  Alanine racemase  in
several microorganisms, and amino acid racemases of
broad substrate specificity of Pseudomonas putida depend

 on pyridoxal 5’-phosphate (PLP).  The reaction of amino
acid racemase is initiated by transaldimination.   In this
step, PLP bound with the active-site lysyl residue through
an internal Schiff base (Scheme I, A) reacts with a substrate
to form an external Schiff base (B).  The subsequent α-
hydrogen abstraction results in the formation of a
resonance-stable anionic intermediate (C).  If the
reprotonation occurs at C-2 of the substrate moiety on the

Keywords : Amino acid racemase/ Stereochemistry/ Pyridoxal phosphate

Nobuyoshi Esaki, Tohru Yoshimura, Kenji Soda and Young Hee Lim

Pyridoxal 5’-phosphate-dependent amino acid racemases of broad substrate specificity catalyze transamination
as a side-reaction.  We studied the stereospecificities for hydrogen abstraction from C-4’ of the bound pyridoxamine
5’-phosphate during transamination from pyridoxamine 5’-phosphate to pyruvate catalyzed by three amino acid
racemases of broad substrate specificity.  When the enzymes were incubated with (4’S)- or (4’R)-[4’- 3H]-
pyridoxamine 5’-phosphate in the presence of pyruvate, tritium was released into the solvent from both
pyridoxamine 5’-phosphates.  Thus, these enzymes abstract a hydrogen non-stereospecifically from C-4’ of the
coenzyme in contrast to the other pyridoxal 5’-phosphate-dependent enzymes so far studied which catalyze the
stereospecific hydrogen removal.   Amino acid racemase of broad substrate specificity from Pseudomonas putida
produced D- and L-glutamate from α-ketoglutarate through the transamination with L-ornithine.  Because glutamate
does not serve as a substrate for racemization, the enzyme catalyzed the non-stereospecific overall transamination
between L-ornithine and α-ketoglutarate.  The cleavage and formation of the C-H bond at C-4’ of the coenzyme
and C-2 of the substrate thus occurs non-stereospecifically on both sides of the plane of the coenzyme-substrate
complex intermediate.   Amino acid racemase of broad substrate specificity is the first example of a pyridoxal
enzyme catalyzing non-stereospecific transamination.
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opposite face of the planar intermediate to that where the
proton abstraction occurs, an antipodal aldimine is formed
(D).  The aldimine complex is subsequently hydrolyzed
to form isomerized amino acid, and regenerates the bound
PLP (E).  The random return of hydrogen to the anionic
intermediate is a characteristic of enzymatic racemization
among various pyridoxal enzyme reactions.  In
aminotransferase reactions, the abstracted hydrogen is
stereospecifically transferred to C-4’ of the cofactor, and
a ketimine intermediate is formed.  The pyridoxamine 5’-
phosphate (PMP) form of the enzyme and a keto acid are
produced by hydrolysis of the ketimine intermediate.
Amino acid racemases are reported to catalyze the
transamination as a side reaction.  The transamination
catalyzed by amino acid racemases can be attained through
a sequence either A → B → F (or G) → H, or A → B  →
C → F (or G) → H (Scheme I).  An equivalent route can
be delineated for the antipode: E → D → F (or G) → H, or
E → D  → C → F (or G) → H.  In transamination, mutual
hydrogen transfer between the substrate and C-4’ of the
cofactor occurs.   In all previous studies of transaminations
catalyzed by aminotransferases as well as other pyridoxal
enzymes, the hydrogen transfer between substrate and
cofactor occurs strictly stereospecifically on the si  or re
face of the plane of the anionic intermediate.  However, if
the transamination catalyzed by amino acid racemases
proceeds as depicted in Scheme I, the hydrogen transfer
should occur non-stereospecifically on both faces of the
planar intermediate.  We were therefore interested in the
stereospecificity for the hydrogen transfer during
transamination catalyzed by amino acid racemases as a
side-reaction, and provide the first evidence that hydrogen
removal from C-4’ of PMP occurs randomly on both faces
of the substrate-cofactor imine plane during half
transamination catalyzed by the amino acid racemases (1).
We also show that the enzyme catalyzes non-stereospecific
overall transamination between L-ornithine and α-
ketoglutarate as well.
      The absorption spectral change has demonstrated that

the amino acid racemase of broad substrate specificity from
Ps. putida catalyzes the transamination between PMP and
pyruvate.  When the PMP-form of an enzyme is converted
to the PLP form by transamination with keto acid, one of
the two hydrogens at C-4’ of PMP is usually transferred
stereospecifically to Cα of the keto acid.  We studied the
stereospecificity of amino acid racemase for hydrogen
abstraction from C-4’ of PMP by measurement of the
radioactivity of 3H released from the PMPs which are
stereospecifically tritiated at C-4’ using the method
described previously (2).  Each 5 nmol of apo-amino acid
racemase was incubated with 1 nmol of (4’S)- or (4’R)-
[4’- 3H]PMP and 5 nmol of sodium pyruvate.  We deduce
that PMP was completely converted to PLP because the
PMP-form of the amino acid racemase from Ps. putida
recovered 100 % of the activity theoretically expected.
Tritium was released equally from both (4’S)- and (4’R)-
[4’- 3H]PMPs in the presence of amino acid racemases.
The amount of tritium released from each PMP was about
50% of that which initially existed.  The control experiment
with  D-AAT and AspAT showed that they catalyzed the
stereospecific removal of tritium from (4’R)- or (4’S)-[4’-
3H]PMP, respectively.  These results confirm the
stereospecific tritium labelling of both PMPs.  Thus, the
amino acid racemases catalyze the non-stereospecific
abstraction of hydrogen from C-4’ of PMP.  They are the
first class of pyridoxal enzyme catalyzing the hydrogen
removal on both sides of the plane of a substrate-cofactor
complex during transamination.
        If the hydrogen is introduced non-specifically to C-2
of the keto acid moiety of the anionic intermediate on both
sides of the planar intermediate during the half reaction of
transamination, racemic amino acid is formed from the
keto acid (Scheme I; H → F (or G) → C → B → A, or H
→ F (or G) → C → D → E).  We studied the
stereochemistry of glutamate formed from α-ketoglutarate
by transamination with L-ornithine catalyzed by the amino
acid racemase of Ps. putida.   After the reaction, the
products were derived to diastereomers with Marfey’s
reagent,  and subjected to HPLC.  Both enantiomers of
glutamate and ornithine were found.  The amino acid
racemase from Ps. putida catalyzes the racemization of
ornithine, but glutamate is inert as a substrate for the
racemase reaction.  Thus, both enantiomers of glutamate
were directly formed by transamination, not by
racemization of one enantiomer produced through
transamination.  The amino acid racemase from Ps. putida
is the first example of a pyridoxal enzyme catalyzing non-
stereospecific transamination.
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The Crystal Structure of Zinc-Containing Ferredoxin
from a Thermoacidophilic Archaeon

Ferredoxins (Fds) are electron transfer proteins which
have iron-sulfur clusters as their active sites, and are
distributed over a wide range of living organisms.
Various kinds of Fds isolated from different organisms
are classified by the geometry of the Fe-S cluster into
several types.  The dicluster-type Fds frequently isolated
from bacteria are well known to share a common protein
fold known as the (βαβ)

2
 fold ligating two cubane-like

Fe-S clusters (2[4Fe-4S] or [3Fe-4S][4Fe-4S]).  This
type of Fds are also isolated from Archaea.

Archaea (archaebacteria), which grow under extreme
conditions such as high temperature, strong acidity, high
salinity and anaerobicity, constitute a group of organisms
which is distinct from Bacteria and Eucarya [1].
Sulfolobus sp. strain 7 is a thermoacidophilic archaeon
which grows optimally at pH 2.5-3.0 and 75-80°C [2].
Ferredoxin from Sulfolobus sp. strain 7 is known to serve
as an e lec t ron acceptor  o f  a  2-oxoac id :Fd
oxidoreductase.  The Sulfolobus Fd molecule consists of

a polypeptide of 103 amino acid residues, and two Fe-S
clusters [3].  The primary structure of the Sulfolobus Fd
is distinct from those of bacterial Fds in two regions; the
Sulfolobus Fd has an N-terminal extension of about 40
residues and an insertion of about 10 residues in the
middle of the polypeptide chain.  Such a characteristic
extension and insertion in sequence has also been found
in ferredoxins from other thermoacidophilic archaea.
Therefore, the additional regions are expected to adopt
informat ive conformat ions character is t ic  to
thermoacidophilic archaeal Fds.  In order to elucidate the
stabilization mechanism and the evolutionary status of
archaeal proteins by investigating structural features of
thermoacidophilic archaeal Fds, we have determined the
crystal structure of ferredoxin from Sulfolobus sp. strain
7 by X-ray analysis.

The Sulfolobus ferredoxin was crystallized by a batch
method using ammonium sulfate as a precipitant.  The
crystals belong to the tetragonal space group P4
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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) Peptide secondary or supersecondary structures in aqueous or hydrophobic
environments are studied to get a principle of protein architecture, employing various spectroscopic methods.  (2) 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.  (3) Molecular mechanism for myosin assembly is
studied by proteolytic method, electron microscopy, and computer analysis of the amino acid sequence.
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The crystal structure of ferredoxin from thermoacidophilic archaeon Sulfolobus sp. strain 7 was
determined by X-ray diffraction analysis at 2.0 Å resolution.  The structure of the archaeal ferredoxin
consists of two parts: core fold part and the N-terminal extension part. The distinct structural feature of
this archaeal ferredoxin lies in the zinc-binding center where the zinc ion is tetrahedrally ligated by four
amino acid residues.  The zinc ion in the zinc-binding center is located at the interface between the core
fold and the N-terminal extension, and connects the β-sheet in the N-terminal extension and the central
β-sheet in the core fold through the zinc ligation.  Thus the zinc ion plays an important role in stabilizing
the structure of the present archaeal ferredoxin by connecting the N-terminal extension and the core fold,
which may be common to thermoacidophilic archaeal ferredoxins.
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cell dimensions of a = b = 50.12 Å and c = 69.52 Å.  The
structure was determined by the isomorphous
replacement method for the uranium and platinum
derivatives, supplemented with anomalous dispersion
effects from the iron atoms of the Fe-S clusters as well as
the uranium atoms in the derivative.  In the course of the
structural analysis, an uninterpreted high density peak
coordinated by three histidines and one aspartate in a
tetrahedral manner suggested that the present Fd
molecule might contain a divalent metal cation such as
Zn2+.  The X-ray crystallographic identification of the
metal ion was performed using anomalous dispersion
effects characteristic for zinc which were measured with
a tuneable synchrotron radiation source.  Finally, the
whole model of the Fd molecule was refined to an R
factor of 0.173 at 2.0 Å resolution.

The overall structure of the Sulfolobus Fd molecule is
depicted in Fig. 1.  The protein folding of the Sulfolobus
Fd can be divided into two parts by a structural
comparison of the present archaeal Fd with other
bacterial dicluster Fds (Fig. 2).  One part is the core-fold
part (residues 37-103), which binds two [3Fe-4S]
clusters and has a topologically conserved protein
folding; a (βαβ)

2
 fold, common to bacterial dicluster Fds,

forms two antiparallel β-sheets, A (β4 and β7) and B (β5
and β6), and two α-helices, α2 and α3.  The other part is
the N-terminal extended part (residues 1-36), which is
mainly formed by one-turn α-helix α1 and antiparallel β-
sheet A' of strands 1-3.  β-Sheet A' in the N-terminal part
interacts with the terminal β-sheet A in the core-fold part
through hydrogen bonds between strands β3 and β4 to
form a larger five-stranded β-sheet, A'+A.  As described
above, the Sulfolobus Fd molecule contains a novel zinc-
binding center, which had never been found in
ferredoxins, at the interface between the core-fold part
and the N-terminal extended part (Fig. 1).  The zinc ion is
tetrahedrally ligated by four amino acid residues, His 16,
His 19 and His 34 from the N-terminal part, and Asp 76
from the core-fold part.  Three ligand histidines, His 16,
His 19 and His 34, to the zinc ion are located at the C-, N-

Figure 1.  Schematic drawing of the Sulfolobus Fd molecule.
β-strands are shown as gray arrows and α-helices are shown as
gray spirals.  The [3Fe-4S] clusters, the seven cysteines, the
zinc ion and the four zinc-ligand residues are represented as
ball-and-stick models.  Fe-S cluster I and II are indicated as I
and II, respectively.
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and C-terminal ends of three β-strands, β1-β3,
respectively, which form β-sheet A' in the N-terminal
extended part.  The zinc ion binds tightly through the Zn-
His coordinate bonds to β-sheet A' which interacts with
β-sheet A through hydrogen bonds between β3 and β4 to
form the larger sheet, A'+A.  The last zinc ligand, Asp 76,
is located at the C-terminal end of strand β6 in β-sheet B.
In this way, two β-sheets, A and B, in the core-fold part,
are indirectly linked by both the zinc ligation between β-
sheets B and A' and the hydrogen bonds between β-
sheets A' and A (Fig. 2).

The core fold common to bacterial Fds adopts a quite
simple (βαβ)

2
 fold.  In the core-fold part of bacterial

dicluster Fds, β-sheets A and B are usually so apart from
each other that they do not interact directly (Fig. 2).  The
unfolding of the core fold may begin with dissociation of
the two β-sheets.  If the interaction between the β-sheets
is strong, the unfolding of the core fold would be unlikely
to occur.  Indeed, the Sulfolobus Fd seems to utilize the
zinc ion, the N-terminal extension and the insertion in
order to enhance the stability of the core fold through the
indirect interaction between the two β-sheets.  Therefore,
thermoacidophi l ic archaeal Fds may acquire
thermostability primarily by inserting the zinc ion in the
interface between the extended N-terminal and the core-
fold parts, as observed in the Sulfolobus Fd.  It is
expected that biochemical and biophysical studies on the
roles of the zinc ion in thermoacidophilic archaeal Fds
might lead to elucidation of the role of metal ions in
protein thermostability.

Figure 2.  Schematic drawing of bacterial Fd molecules,
viewed from the top of Figure 1.  (left) The Sulfolobus Fd,
(right) Clostridium acidurici Fd.  The Fe-S clusters and the
residues which participate in interaction between β-sheets A
and B are represented with ball-and stick models.  The atoms of
the Fe-S cluster ligating cysteine residues are only represented
with small balls.  β-Sheets A (strands β4 and β7), A' (strands
β1, β2 and β3) and B (strands β5 and β6) in the Sulfolobus Fd
are indicated as A, A' and B, respectively.

 C 

α1

β7

 N 

 Cys86 

α3

β4

II
 Cys83 

 Cys89 

β2

 Cys93 β3
 His34 

 His19 

β1

 Cys55 

 Cys51 

 Cys45 
I

 Zn 

 His16  Asp76 α2

β6

β5

α3

α2

β7

 His19 

β4

α1

β2

 Asp76 β3 His34 

 His16 

 Zn 

β5

β1

β6

Wat4

α1 α2

β4

β1

Wat3

β2

Wat2

β3

Wat1

 A 

 A’ 

B 



ICR Annual Report, Vol. 5, 199850

An expression sequence tag database of higher plants was screened by in silico profile analysis for response
regulators of the two-component regulatory system.  Two closely related genes (ARR1 and ARR2), corre-
sponding to one of the extracted candidates, were isolated from Arabidopsis thaliana.  The two genes were
comparably expressed in all tissues, and at higher levels in the roots.  The amino-terminal half of their
translation products was highly conserved.  This is where a phosphate receiver domain with the landmark
aspartate residue and a putative DNA-binding domain were located.  Their carboxyl-terminal halves, al-
though less similar to each other, included glutamine-rich and proline-rich regions characteristic of the
transcriptional activation domain of eukaryotes.  This architecture resembles that of typical bacterial re-
sponse regulators serving as transcription factors.

Keywords: Arabidopsis / Response regulator / Transcription factor / Two-component regulatory system

Two-component Response Regulators from
Arabidopsis thaliana Contain a Putative

DNA-binding Motif
Hiroe Sakai, Takashi Aoyama, Hidemasa Bono, and Atsuhiro Oka

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 1998, study is being
concentrated on the roles of homeo domain proteins, MADS box proteins, and DDK response regulators of higher plants in
developmental and signal transduction processes.
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Extracellular stimuli received by living cells are pro-
cessed through signal transduction pathways and result
in orchestrated gene expression.  A large number of in-
tracellular signal transduction pathways have been stud-
ied with eukaryotic cells.  Many plant proteins (or their
genes) similar to the components involved in animal and
fungus signal transduction pathways have been identi-
fied.  Recently, the Arabidopsis thaliana genes ETR1 and
CKI1, which are implicated in ethylene and cytokinin re-
sponses, respectively, have been shown to code for pro-
teins similar to the sensor of a two-component regulatory
system, which is the ubiquitous signal transduction sys-
tem in bacteria (1).  This suggests that the bacterial type
of signal transduction pathway, or a similar one, may
possibly exist in plant cells.  To elucidate an entire plant

signal transduction pathway incorporating the two-com-
ponent regulatory system, the functions executed by the
plant response regulator components must be known.  In
this respect, an attempt has been made to clone plant re-
sponse regulator genes, but no response regulator in
which the signal receiver domain accompanies other
known functional domains has been identified.  We here
show the presence of two A. thaliana response regulators
with characteristics of transcription factors (2), like the
majority of bacterial response regulators.

Using the profile method (3), the similarity score was
calculated for each entry in the plant EST database.  We
extracted 21 EST sequences of A. thaliana and rice with
high scores, and found that 11 of their central aspartate
residues were accompanied by additional landmark resi-
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dues, the fore aspartate or rear lysine residues at dis-
tances suitable for the D-D-K signal receiver domain in
the response regulator.  These can be structurally classi-
fied into three groups I, II, and III.  Since the group I
candidates appeared to code for additional functional do-
mains from their mRNA sizes (see below), we carried
out cloning experiments for the corresponding genes
with an A. thaliana genomic library.  As a result, we iso-
lated two closely related D-D-K receiver genes (ARR1
and ARR2).

The starting and terminating sites of ARR1 and ARR2
transcription were estimated by 5'- and 3'-RACE analy-
ses on a mixture of A. thaliana cDNA.  The transcrip-
tional unit was thus determined to be 3,093 bp long for
ARR1 and 3,508 bp long for ARR2.  These sequence data
were deposited in the DDBJ/EMBL/GenBank databases
(AB016471 and AB016472).  To determine the exon-in-
tron organization of these two genes, PCR was done on
an A. thaliana cDNA mixture with various sets of prim-
ers, and the resulting PCR fragments were sequenced.
We found that ARR1 and ARR2 are split by four and five
introns, respectively.  The sizes of the mature mRNA for
ARR1 and ARR2 were thus calculated to be 2,362 and
2,697 residues, respectively.

The ARR1 and ARR2 translation products consisted of
669 and 664 amino-acid residues, respectively.  Both
proteins had comparable domain architecture.  The D-D-
K signal receiver domain was located at the amino-termi-
nal end of both (aa 37-150 for ARR1 and aa 28-141 for
ARR2), and 95% of the amino-acid residues were identi-
cal.  A potential nuclear localization signal followed the
receiver domain of both ARR1 (aa 152-157) and ARR2
(aa 143-148).  Another highly similar region (96% iden-
tity) was aa 236-299 of ARR1 and aa 215-278 of ARR2.
This region showed strong resemblance to a segment
found in various proteins with unknown functions.  In
addition, we noticed a weak but significant similarity of
this region to the DNA-binding Myb oncoprotein, par-
ticularly to the potato Myb homolog MybSt1, and this
region is called the Myb-like domain hereafter.  In con-
trast to the strong resemblance of the amino-terminal half
of the gene products, the carboxyl-terminal half (aa 300-
669 of ARR1 and aa 279-664 of ARR2) was not as
highly conserved, and only 52% of the amino-acid resi-
dues were identical when the appropriate gaps were in-
corporated.  Although the amino-acid sequence of this
domain itself showed no obvious similarity to other pro-
teins, this domain, particularly the one in ARR1, was rich
in glutamine.  It also had higher than average amounts of
proline, serine, and phenylalanine residues.

Northern blot hybridization analysis of the ARR1 and
ARR2 transcripts with specific probes was carried out by

using total RNA from roots, rosette leaves, cauline
leaves, stems, flower buds/flowers, and siliques of A.
thaliana that had been grown under the standard condi-
tions.  The results revealed that the expression patterns of
the two genes are similar to each other, though the tran-
scription level of ARR1 is always slightly higher than that
of ARR2, and that the two genes are transcribed in all
tissues, and at higher levels in the roots.  The mRNA
sizes estimated from the Northern analysis were about
2.4 kb for ARR1 and 2.8 kb for ARR2.  These values are
consistent with those calculated from the transcription
unit and exon-intron organization of both genes.

To estimate the copy number of ARR1 and ARR2 on
the A. thaliana chromosomes, Southern blot hybridiza-
tion analysis was performed.  Under high-stringency
conditions, each probe of the entire coding-region pro-
duced a limited number of signal bands, which were ex-
pected from the genomic sequence.  On the other hand,
under low-stringency conditions several additional weak
bands were detected.  The bands with relatively higher
signal intensities corresponded to the bands that were
clearly visualized by the other probe under the high-
stringency conditions.  These results indicated that the A.
thaliana genome contains one copy each of ARR1 and
ARR2 and presumably a few additional cognate genes,
constituting a small gene family.

To obtain information on localization of the ARR1
and ARR2 proteins in cells, their cDNAs were connected
in-frame to GUS under the control of cauliflower mosaic
virus 35S promoter, and then introduced into onion epi-
dermal cells by the particle delivery system. Histological
staining analysis revealed that either fusion protein is lo-
cated in nuclei.  Furthermore, when the D-D-K signal re-
ceiver domain was replaced by yeast GAL4 DNA bind-
ing domain, the resulting recombinant proteins conferred
the ability to activate transcription of the reporter gene
with the GAL4 target element in tobacco cells.  These
results strongly suggest that ARR1 and ARR2 actually
work as a transcription factor in plant cells, as supposed
from their architecture.  This is the first report delineat-
ing plant response regulators in which the signal receiver
domain accompanies other functional domains such as
nuclear localization domain, transcriptional activation
domain, and probable DNA-binding domain.

References
1.  Oka A,  Tanpakushitsu-Kakusan-Kouso, 40, 1010-

1021 (1995).
2.  Sakai H, Aoyama T, Bono H, and Oka A,  Plant Cell

Physiol., 39, 1232-1239 (1998).
3.  Dodd IB, Egan JB, J. Mol. Biol. , 194, 557-564

(1987).



ICR Annual Report, Vol. 5, 199852

NLS (Nuclear Localization Signal) Prediction
Keun-Joon Park and Minoru Kanehisa

The nucleus of eukaryotic cells contains many nuclear proteins that function for delivery of molecular information

between cytosol and nucleus, and for control of gene expression. After the synthesis on the ribosomes in the

cytoplasm, these proteins enter the nucleus through pore complexes in the nuclear envelope. Nuclear proteins are

transported into the nucleus, if they contain nuclear localization signals (NLSs). In this work we developed a

method that predicts a location of NLS on a query protein sequence by computational analysis. We employed

Hidden Markov Model (HMM) in our method to find NLSs in the amino acid sequences. The prediction

performance was assessed by leave-one-out cross-validation.

keywords: Nuclear transport / Protein sorting / Database / Bioinformatics

  In eukaryotic cells, there are functionally distinct,

membrane-bounded compartments. The intracellular

compartments in eukaryotic cells contain their own

characteristic proteins with different functions. Most

nuclear proteins move into nucleus through the nuclear

pores that penetrate nuclear envelope (Fig. 1). Nuclear

pore is formed by a large, complex structure known as

the nuclear pore complex (NPC). The selective transport

of proteins through the NPC is performed by their own

nuclear localization signals (NLSs).  The first NLS was

found from SV40 T antigen as a short cluster of five

contiguous positively charged residues in the sequence

126 PKKKRKV 132 (3). A family of simple NLSs of this

type were generally characterized by one short basic

stretch of sequence (4-8 residues) containing several

lysine and arginine residues. The precise location of an

NLS within the amino acid sequence of a nuclear protein

is not important unlike other signal peptides (4). Robbins

et al. found other type of NLS in the nucleoplasmin, the

major nuclear protein of the xenopus oocyte (5,6). This

type of signal, known as bipartite NLS motif, contains

two interdependent positively charged clusters separated

by a mutation tolerant linker region of 10-12 amino acids.

    In this study we developed a method that predicts the

location of NLS and the possibility of a nuclear protein

by computational analysis of NLSs. For this purpose, we

constructed data sets from the SWISS-PROT protein

sequence database (simple NLS 100 entries and bipartite
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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 deductive database is being
organized for known molecular and genetic pathways in living organisms, and computational technologies are being devel-
oped for retrieval, inference and analysis. Other studies include: functional and structural prediction of proteins from sequence
information and development of sequnece analysis tools.
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NLS 75 entries). We used Hidden Markov Model (HMM)

for predicting NLSs within the amino acid sequences and

for calculating the strength of the signals. We trained two

(simple and bipartite) HMMs for unaligned sequences of

NLSs in our data sets.

Figure 1. Nuclear protein import

(NLS: Nuclear Localization Signal;  NPC: Nuclear Pore

Complex)

    The performance of the HMMs to recognize NLSs

trained on the data sets may be improved by using

calculation with fewer different kinds of amino acids

(alphabet characters). In this work we changed all

arginines (R) to lysines (K) in the sequences of the data

sets and the query proteins, since these two positively

charged residues would likely to have the same function

in NLSs. It seems that the NLSs are usually situated at

the extended loop structure that is accessible to the solvent

(7). Therefore we examined the frequency of amino acid

residues in the NLSs and their secondary structure

propensity in order to reduce the number of amino acid

types for training. Some amino acids were selected for

HMM training and the other amino acid residues were

changed into residue Xs in both of the two NLS cases.
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    To test the performance of the HMM, each protein

sequence in the data set was selected once as a test

sequence for the HMMs trained for the other sequence in

the data set. Specifically, the performance was assessed

by leave-one-out cross-validation ; the leave-one-out idea

is often called "jack-knife test". In the training step, one

NLS is left out from the training set. Then the protein

sequence containing the NLS is used for checking the

performance of the trained HMM. The HMM for simple

NLSs was trained for 99 from 100 samples and tested on

the remaining one. This process was repeated 100 times

for different test sequence. The second HMM for bipartite

NLSs was trained for 74 from 75 data set entries and

yielded 75 different HMMs. We examined whether two

HMMs can recognize their own NLS sequences in their

data set or not.  As a result, the prediction accuracy of our

method was 88.0% and 90.7% for simple and bipartite

NLSs, respectively. In conclusion, we confirmed that the

two HMMs could predict NLS in amino acid sequences

with high performance.
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Simulation Study of Three-Dimensional Laser Cooling
Method for Fast Stored Ion Beams

Three-dimensional (3D) laser cooling method of fast stored ion beams based on linear coupling mecha-
nism is explored. We employ the tracking code "SAD", showing that resonant coupling remarkably
enhances transverse cooling rates. Molecular dynamics (MD) code "SOLID" is also employed to study
the effect of space charges and the possibility of beam crystallization.

Keywords : Beam-Cooling/ Coupling/ Simulation/ Space-Charge/ Storage Ring
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NUCLEAR SCIENCE RESEARCH FACILITY  — Beams and Fundamental Reaction —

Scope of research

   Particle beams, accelerators and their applications are studied. Structure and reactions of fundamental substances are investi-
gated through the interactions between beams and materials such as nuclear scattering. Tunable lasers are also applied to
investigate the structure of unstable nuclei far from stability and to search for as yet unknown cosmological dark-matter par-
ticles in the Universe.
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To our current knowledge, Doppler laser cooling is the
most promising technique in achieving the highest pos-
sible phase-space density of ion beams [1]. It has already
been experimentally demonstrated that one can produce an
ultra-cold beam close to the longitudinal space-charge
limit [2, 3]. In contrast, laser cooling in the transverse di-
rections has been much less effective. Therefore one may
need to develop some novel approach in order to extend
the powerful laser cooling force to the transverse degrees
of freedom.

For this purpose, a novel method has been proposed in
the previous publications [4, 5]. The idea is simple, that is,
we develop a synchrobetatron coupling to indirectly in-
crease the transverse cooling rates. The coupling source
theoretically considered was the linear potential induced
either by momentum dispersion in a regular RF cavity [4],
or by a special coupling cavity operating in TM

210
 mode

[5]. It has been proven that the transverse cooling rates can
be most enhanced under the resonance conditions

ν
s
-ν

x
 ≈ integer   and  ν

x
-ν

y
 ≈ integer,           (1)

where ν
x
, ν

y
, and ν

s
 are, respectively, the horizontal, verti-

cal and longitudinal tunes.
In order to carry out reliable numerical experiments

where realistic lattice structures of storage rings is taken
into account, we employed the tracking code "SAD (Stra-
tegic Accelerator Design)" [6] to systematically explore
the behavior of the beam at high temperature. As an ex-
ample, we considered the lattice parameter of the
ASTRID ring in Denmark [2], one of the two storage
rings in which a laser cooling system has been installed
(another is the TSR ring in Germany [3]). Under the typi-
cal operating condition of ASTRID, we obtain Fig. 1(a),
where no transverse cooling is visible. On the other hand,
Fig. 1(b) corresponds to the case where the lattice param-
eters have been modified so as to roughly satisfy the reso-
nance conditions in Eq. (1). The effectiveness of the cou-
pling scheme is evident.

The effect of particle Coulomb interactions dominates
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Figure 1. SAD simulation results. The time evolutions of root-
mean-squared (rms) beam emittances are plotted. The case (a)
corresponds to the ordinary operating mode of ASTRID while
the lattice parameters have been modified in the case (b) such
that the resonance conditions in Eq. (1) are satisfied.

Figure 2. Equilibrium beam temperatures vs. operating syn-
chrotron tune, obtained from SOLID. In the case (a), the same
resonant ASTRID lattice as employed in Fig. 1(b) has been con-
sidered, while the case (b) corresponds to the modified TARN II
lattice where the resonance conditions Eq. (1) are satisfied.

the beam at low temperature. Thus we need to examine
the effect of space charges on the final temperature, em-
ploying the MD code "SOLID" [7]. Figure 2(a) illustrates
the ν

s
-dependence of the final beam temperature in the

resonant ASTRID lattice. It is shown that the coupling
method achieved transverse temperatures of the order of
1K. Beam crystallization is, however, still not achievable
in this temperature region.

The lattice of a storage ring suitable for beam crystalli-
zation must fulfill the so-called maintenance condition
given by [8]

max(ν
x
,ν

y
) < N

l 
/2√2                            (2)

where N
l
 is the lattice superperiodicity. Since ASTRID

does not satisfy this necessary condition of beam crystal-
lization, we now consider, among a wide range of choice,
the lattice parameters of the storage ring TARN II [9].
The beam temperatures achieved in TARN II by means of
the coupling method are plotted in Fig. 2(b). We see that
the transverse temperatures have now become more than
two orders of magnitude lower than those in the ASTRID
case. Figure 3 displays the real-space profile of an equi-
librium beam laser-cooled in TARN II. As anticipated,
we see a 3D ordered structure formed.

To summarise, we have studied the fundamental prop-
erties of the 3D laser cooling methods based on linear
synchrobetatron coupling. It has been clearly demon-
strated that the transverse cooling time can remarkably be
shortened by using the coupling schemes. Provided that
the lattice parameters of a ring satisfy the maintenance
condition, equilibrium transverse temperature well below
1K could be reached very quickly, and beam crystalliza-
tion is realized.

The MD simulation program was originally developed
by Dr. X.-P. Li and J. Wei. Computation time was par-
tially provided by the SAD cluster of KEK, and the Su-
per-computer Laboratory, Institute for Chemical Re-
search, Kyoto University.
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Figure 3. Real-space pro-
files of a 1 MeV 24Mg+

beam laser-cooled with
the dispersive-coupling
scheme in the TARN II
ring.
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Design of the Superconducting RFQ for PIAVE Linac
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Scope of research

   Particle and photon beams generated with accelerators and their instrumentations both for fundamental research and practical
applications are studied.  The following subjects are being studied: Beam dynamics related to space charge force in accelera-
tors: 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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    RFQ (radio frequency quadrupole) linacs are widely
used for ion accelerators. Many laboratories and compa-
nies have been constructing RFQ linacs using the normal
conducting cavity. The first superconducting RFQ has
been developed in INFN-LNL. The power consumption
is greatly reduced using the superconducting cavity,
which enables to accelerate very heavy ions in the CW
mode. The superconducting RFQ will be utilized in the
new injector PIAVE (Positive Ion Accelerator for Very-
low Energy) [1]. Main specification is shown in Table 1
[2]. There are two superconducting RFQ cavities
(SRFQ1 and SRFQ2) in the project. Figure 1 shows the
half scale model of SRFQ1.
    There are some design constraints in the supercon-
ducting RFQ, as follows;
      (1)  Low magnetic field on the surface (<300 Gauss),
      (2)  Mechanically stable structure,

Figure 1. Half scale model of SRFQ1 made of aluminum
except for the outer shell.

Two superconducting RFQs (SRFQ1 and SRFQ2) have been developed in INFN-LNL. The output beam
energy is 578.3 keV/nucleon for 28+U238. The SRFQ1 was designed based on the 90o-apart-stem structure
and the RF characteristics were measured on the half scale model. The important decision in the design
is to split the cavity into two sections because the electrode length of SRFQ1 is too long to perform the

electron beam welding with the available machine. The field variation within ±1 % is achieved even after
the splitting.

Keywords : Superconducting RFQ/ PIAVE /Heavy ion accelerator
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      (3)  Small stored energy (<4 J),
      (4)  Short cavity length.
      (5)  Uniform field distribution along the beam axis,
      (6)  Good field balance among four quadrants (<1%).
    The constraints (1), (2) and (3) are common problems
to the superconducting cavity. The surface magnetic field
should be well below the critical field of Nb at 4K (1). In
order to feed RF power into the cavity, the resonant fre-
quency should not shift (2) and the RF phase should be
locked by the feedback control (3). The simulation results
for the optimized geometry are shown in Table 1.
    The condition (4) is a restriction from the fabrication.
The components of the cavity are made of 3 mm thick
niobium (Nb) sheet and they are assembled by the elec-
tron beam welding (EBW). The cavity geometry is lim-
ited by the available EBW machine. But the length of the
SRFQ1 is 1378 mm, which is too long to perform the
EBW. We decided to split the cavity into two sections.
Each section is assembled separately and the outer shells
of the two sections are finally welded by the EBW. The
vane electrodes inside the cavity are still separated with 1
mm gaps.
    The conditions (5) and (6) are general tasks for an RFQ
design. We adopted the 90o-apart-stem RFQ structure [3].
It has a good field balance among the quadrants. Figure 2
shows the simulation results of the transverse electric
field distribution along the beam axis. The broken line is
a result in the original design. The big field steps exist at
the vane cutting points. The solid line shows the field dis-
tribution when Nb strips are welded on the vane cutting
point for the RF contacts. The field deviation becomes
0.3 %. Figure 3 shows the field distribution of the half
scale model. It is measured by the standard bead-pull
method. The split vanes are connected by Al strips and
screws in the model. The field imbalance among the four
quadrants is within ±0.8 %, which is induced by the mis-
alignment of the vane electrodes. The total field deviation
is within ±1.0 %. It is acceptable value from a point of
view of the beam dynamics.
    We have finished the cavity design of the SRFQ1 to
satisfy the design constraints. The fabrication of the Nb
components is in progress.

References
[1]  G. Bisoffi et al., "Prototype of a Superconducting
RFQ for a Heavy Ion Injector Linac", Proc. of the 1997
Particle Accelerator Conference, Vancouver
[2]  A. Pisent et al., "Complete Simulation of the Heavy
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Table 1. Main specification of the SRFQs and the simulation
results

Figure 2. Simulation results of the transverse electric field
distibution along the axis. The broken line corresponds to the
original design. The solid line shows the field distribution with
the Nb strips on the vane cuting points.

Figure 3. Field measurement results of the half scale model.
The ordinate is the transverse electric field in four quadrants.

SRFQ1 SRFQ2

RF Frequency [MHz] 80.0 80.0

Output energy [keV/u] 341.7 578.3

Vane length [mm] 1378.0 746.1

Stored energy [J] 2.1 3.6

E
max

 [MV/m] 25.5 25.5

B
max

 [Gauss] 249 241

Field variation [%] 0.3 0.5

[3]  V.A. Andreev et al., "90o-apart-stem RFQ Structure
for Wide Range of Frequencies", Proc. of the 1993 Par-
ticle Accelerator Conference, Washington
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Mitochondrial Proteins Interacting with Guide RNAs

In mitochondria of kinetoplastid protozoa, many of mRNA transcripts of structure genes are modified
within coding regions in a posttranscriptional processing characterized by the insertion and, less fre-
quently, the deletion of uridine residues.  This process, known as RNA editing, involves small RNA
molecules, guide RNAs, which specify the sequence information required.  The aim of this study was to
identify mitochondrial proteins that are in direct physical contacts with gRNA molecules, thereby possi-
bly responsible for the RNA editing reaction.  Using an ultraviolet light-induced cross-linking technique
and a gel retardation assay, seven proteins with apparent molecular weights ranging from 20 to 67 kDa in
size were identified.  Four species of the proteins were purified with DEAE-cellulose and
phosphocellulose column chromatographies.  One of them probably contacts with 3’ poly(U)n tails of the
gRNA molecules because the binding of the protein was sensitive to the presence of oligo (U)n.

                                  Keywords: RNA editing/ kinetoplastid protozoa/ C. fascilulata
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analysis of signal structures at the regulatory regions of transcriptional initiation and of molecular mechanisms involved 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.

   Many mitochondrial transcripts in kinetoplastid proto-
zoa such as Crithidia, Leishmania, and Trypanosoma un-
dergo remarkable posttranscriptional processing named
RNA editing that is required for creation of functional
mRNA.  The location of editing domains, number of ed-
iting sites within a single editing domain and number of
uridine residues to be added or deleted at each editing site
are very specific to individual mRNAs, thus creating ini-
tiation and termination codons and extending open read-
ing frames.  The sequence information for editing is
probably contained in small RNAs termed guide RNAs
(gRNAs) which are complementary to edited mRNAs.
Two models, the enzyme cascade model and the trans-
esterification model, have been proposed for the mecha-
nism of this process.  Both models propose initial base
pairing-mediated recognition of the preedied mRNA se-
quence immediately 3’ of the region whose editing the
gRNA directs with the 5 to 15 nucleotide 5’ anchor se-

quence of gRNA.  Thus, all gRNAs have an anchor re-
gion, but these differ in sequence between individual
gRNAs.  All gRNAs described to date are of similar size,
averaging about 60 nucleot ides, including a
posttranscriptionally added 3’ oligo(U)n tail of approxi-
mately 10 to 15 nucleotides.  Guide RNA and mRNA are
thought to interact during editing in a ribonucleoprotein
(RNP) complex.  The minimal function of such a com-
plex is presumably maintain the proximity of the mRNA
5’ and 3’ fragments.  A more extensive function for the
complex, perhaps involving catalysis, gRNA selection,
or developmental regulation is also possible.  The aim of
this study was to identify mitochondrial proteins that are
in direct physical contact with gRNA molecules, thereby
possibly responsible for RNA editing.
   To identify mitochondrial proteins that form stable, di-
rect contacts with gRNA molecules, I used two different
techniques, an ultraviolet (UV) light-induced cross-link
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Fig. 1  (a) Protein cross-linking of 32P-labeled CYb-I and ND7 gRNA with mitochondrial proteins of C. fasciculata.  (b) Purifica-
tion procedures of proteins interacted with CYb-I gRNA.  (c) Patterns of a gel retardation assay with 32P-labeled CYb-I gRNA and
the purified protein fractions.

addition.   Several major ribonucleoprotein complexes
which can be resolved on 4% native polyacrylamide gels
are formed during incubation of in vitro-transcribed
gRNA with the mitochondrial extract.  I made an attempt
to purify the individual proteins interacted with gRNAs.
The S100 extract was applied on a DEAE-cellulose col-
umn and separated to the pass through fraction and the
absorbed fraction.  The absorbed proteins were eluted
with 0.4M KCl after washing the column with 0.15 M
KCl.  The pass through fraction was applied onto a
phosphocellulose column and eluted with three steps,
0.3M, 0.6M and 1M KCl [Fig. 1(b)].  The separated pro-
tein fractions were further purified with hydroxyapatite
column chromatography.  Patterns of the gel retardation
assay with the purified proteins and 32P-labeled CYb-I
gRNA are shown in Fig. 1(c).  Protein IV probably con-
tacts with 3’ poly(U)n tails of the gRNA molecules be-
cause the binding of the protein was sensitive to the pres-
ence of oligo (U)n.
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ing technique and a gel retardation assay.  32P-Labeled
gRNA molecules were incubated with the S100 mito
chondrial extract of C. fasciculata in low monovalent
cation concentration and subsequently irradiated at 254
nm.  The reaction was performed in the presence of a
defined concentration of tRNA molecules to account of
non-specific RNA-protein interactions.  Two gRNA sub-
strates used in this study are specific for different editing
domains of C. fasciculata, CYb-I and ND7 mRNAs and
were labeled with (α32P)UTP by in vitro transcription.
The transcripts contain a few vector-derived extrabases
at their 5’ end and have 3’ oligo(U) tails of about 10
nucleotides.  The cross-linked samples were extensively
digested with ribonuclease, and the proteins were sepa-
rated on a SDS-polyacrylamide gel.  Proteins cross-
linked to the gRNAs were detected by the radioactive oli-
gonucleotides which remained to be covalently attached
after the ribonuclease treatment while the none-cross-
linked protein were stripped from the RNA by the dena-
turing conditions in electrophoresis.  Seven mitochon-
drial proteins were identified with apparent molecular
weights of 20, 22, 26, 32, 37, 40, and 65kDa [Fig. 1(a)].
The two different gRNA substrates gave essentially an
identical cross-linking pattern, indicating the assembly
of the same RNP complex upon mitochondrial extract
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(Dimethylamino)benzenesulfonate in the Crystalline
State”
Supervisor: Professor Sato N
23 March 1998

SAKAI, Hiroshi
D Sc, Kyoto University
“Characterization of Molecular Orientation in Langmuir
Monolayers on the Water Surface by Infrared External
Reflection Spectroscopy”
Supervisor: Associate Professor Umemura J
23 March 1998

OKA, Takahiro
D Pharm Sci, Kyoto University
“Studies on the New Atropisomer of Diaryl Fther-Type”
Supervisor: Professor Fuji K
23 March 1998

SUZUKI, Hideo
“a-alkylation of Amino Acid Derivatives Based on
Memory of Chirality”
Supervisor: Professor Fuji K
23 March 1998

TAKASU, Kiyoshei
“Studies on the Structure and Function of the Compounds
with cis-2,5-Diphenylpiperazine Skeleton”
Supervisor: Fuji K
23 March 1998

ASAHARA, Masahiro
D Eng, Kyoto University
“The Chemistry of Neutral Hypercoordinate Oligosilanes”
Supervisor: Professor Tamao K
23 March 1998

KANDO, Masaki
D Sc, Kyoto University
“Experimental Study of Electron Acceleration by Laser
Wake Field”
Supervisor: Professor Noda A
23 March 1998.

MURATA, Yasujiro
D Eng, Kyoto University
“Studies on Synthesis and Properties of Fullerene
Derivatives Possessing Novel Structures”
Supervisor: Professor Komatsu K
23 March 1998

KOBAYASHI, Naoya
D Sc, Kyoto University
“High Pressure Synthesis and Properties of Cupric Oxides
with Alkaline Erath Elements”
Supervisor: TAKANO, M
24 March 1998

POULSEN, Niels Jakob
D Sc, Kyoto University
“High Pressure Synthesis and Physical Properties of (Ba,
K)V(S, Se)

3
”

Supervisor: TAKANO, M
24 March 1998

SAWA, Masaaki
D Agr, Kyoto University
“Studies on the Generation of Catalytic Antibodies for
Chemiluminescence and Glycoside Hydrolysis”
Supervisor: Professor Oda J
25 May 1998

AOYAGI, Amane
D Agr, Kyoto University
“Time-resolved Crystallographic Studies on Glutathione
Synthetase”
Supervisor: Professor Oda J
25 May 1998

GUTIERREZ, Aldo
D Agr, Kyoto University
“Role of Interdomain Loop of D-Amino Acid
Aminotransferase”
Supervisor: Professor Esaki N
25 May 1998
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PARK, Chung
D Agr, Kyoto University
“Enzymological Studies of Bacterial DL-2-Halo Acid
Dehalogenases”
Supervisor: Professor Esaki N
25 May 1998

YAMASHITA, Atsuko
D Agr, Kyoto University
“Structural Basis for the Reaction of Tropinone Reductase-
II Analyzed by X-ray Crystallography”
Supervisor: Professor Oda J
25 May 1998

KAWAGUCHI, Tatsuya
D Eng, Kyoto University
“Neutron Scattering Studies on Dynamics of Amorphous
Polymers”
Supervisor: Professor Kaji K
25 May 1998

FUJIBUCHI, Wataru
D Sc, Kyoto University
“Analysis of Gene Clusters Based on Complete Genome
Comparisons”
25 May 1998

OGATA, Hiroyuki
D Sc, Kyoto University
“Analysis of Genome Organization and Metabolic
Pathways Based on a Network Comparison Technique”
25 May 1998

TOMII, Kentaro
D Sc, Kyoto University
“A Comparative Analysis of ABC Transporters in the
Complete Genomes of Seven Microorganisms”
25 May 1998

FUJIBUCHI, Wataru
D Sc, Kyoto University
“Analysis of Gene Clusters Based on Complete Genome
Comparisons”
25 May 1998

OGATA, Hiroyuki
D Sc, Kyoto University
“Analysis of Genome Organization and Metabolic
Pathways Based on a Network Comparison Technique”
25 May 1998

TOMII, Kentaro
D Sc, Kyoto University
“A Comparative Analysis of ABC Transporters in the
Complete Genomes of Seven Microorganisms”
25 May 1998

FURUTA, Takumi
“Synthesis and Function of New Spriral Molecules with
Atropisomerism”
Supervisor: Fuji K
25 May 1998

SHANG, Mu-Hong
“Studies on the Creation of Quaternary Carbon Centers

via Addition-Elimination Process”
Supervisor: Fuji K
23 July 1998

SAKURAI, Minoru
“Development of New Optically Active Monodentate
Phosphine Ligand”
Supervisor: Fuji K
23 July 1998

KITAYAMA, Takashi
D Sc, Kyoto University
“Asymmetric Syntheses with Microbes and Total
Syntheses of Bioactive Substances”
Supervisor: Professor Ohno A
23 July 1998

LI, Yong-Fu
D Agr, Kyoto University
“Catalytic Mechanism of L-2-Haloacid Dehalogenase
from Pseudomonas sp. YL”
Supervisor: Professor Esaki N
24 September 1998

IDE, Nobuhiro
D Eng, Kyoto University
“Studies on Cross-Linking and Gelation Processes in
Polymer Systems”
Supervisor: Professor Miyamoto T
24 September 1998

TAKARAGI, Akira
D Eng, Kyoto University
“Studies on Synthesis and Properties of Some Novel
Cello-Oligosaccharide and Cellulose Derivatives”
Supervisor: Professor Miyamoto T
24 September 1998

OKAMURA, Haruyuki
D Eng, Kyoto University
“Synthesis and Properties of Fullerene-Containing
Polymers with Well-Defined Structures”
Supervisor: Professor Miyamoto T
24 November 1998

JIN, Ren-Zhi
D Eng, Kyoto University
“Functionalized Siloles and Their Application to
Polysiloles”
Supervisor: Professor Tamao K
24 November 1998

YAJIMA, Ryuichi
D Sc, Kyoto University
“The Development of Highly-Sensitive Assay Method for
the Activity of Neuropeptide-Processing Enzymes and Its
Application: The Axonal Transport of These Enzymes in
Rat Sciatic Nerves”
Supervisor: Professor Ohno A
24 November 1998

TANAKA, Yoko
D Eng, Kyoto University
“Theoretical and Experimental Studies on the Reactivities
of Group 14 Inter-elements Compounds”
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Supervisor: Professor Tamao K
24 November 1998

YOSHIDA, Yumi
D Sc, Kyoto University
“Electrochemical Understanding of Distribution of Ions
at Aqueous/Organic or Aqueous/Membrane Interfaces and
Membrane Potential”
Supervisor: Professor Matsui M

24 November 1998

TANO, Takanori
D Sc, Kyoto University
“Structural Characterization of Black Lipid Films in Air
by Fourier Transform Infrared Spectroscopy”
Supervisor: Associate Professor Umemura J
24 November 1998
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for Environmental Characterization.
During the past 37 years, his research interest

encompassed a wide array of radiochemistry, separation
chemistry, inorganic chemistry, molecular recognition,
environmental chemistry and geochemistry.  His
contribution to the Institute through both academic and
administrat ive act ivi t ies is hereby grateful ly
acknowledged, and his academic achievements are
briefly described below.

Dr. Matsui's work has been concerned with selective
complex formation systems based on the concept of
molecular recognition, and the separation chemistry in
the selective metal chelate system employing the new
ligands.  He designed and synthesized a new series of
ligands (host molecules), in particular, β-diketone,
acylpyrazolone and polypyrazolylborate derivatives that
have novel functions with improved stability and
separability of metal ions and guest molecules.  His
research interest in molecular recognition was
highlighted by the X-ray crystallography of metal chelate
complexes.  He extensively investigated various
mechanisms of ion size discrimination derived from
structures of the ligand and complexes, such as bite size,
rigidity and interligand contact.  As a geochemical aspect
of his research, he established novel analytical methods
for trace elements in the hydrosphere and studied their
applications.  He also elucidated circulation and
biochemistry of minor and trace elements in the open
ocean and Lake Biwa.  Owing to his bril l iant
achievements, he was awarded a prize from Japan
Society for Analytical Chemistry in 1995.

Thus, Dr. Matsui has shown us an ideal direction of
the academic research that the successful application can
be attained only by a thorough understanding of the
fundamental phenomena.  This principle will remain as a
firm basis underlying the research work in the Institute.

On the 31st of March, 1999, Dr. Masakazu Matsui
retired from Kyoto University after 38 years of service to
the University and was honored with the title of
Professor Emeritus of Kyoto University.

Dr. Matsui was born in Hyogo on the 13th of July,
1935.  After graduation from Faculty of Science, Kyoto
University in 1959, he continued his studies on the
synthesis and application of α-dioximes for metal
analysis as a graduate student.  In 1961, he was appointed
an instructor of the Laboratory of Radiochemistry,
Institute for Chemical Research, Kyoto University,
under the supervision of the Emeritus Professor
Tsunenobu Shigematsu.  He was granted a doctoral
degree from Kyoto University in 1966 for his studies on
coprecipitation mechanism with calcium oxalate.  On a
leave of absence in the year 1969 to 1970, he worked on
the ion-selective electrode in cooperation with Professor
H. Freiser at Arizona University.  In 1972, Dr. Matsui
was promoted to Associate Professor at the Laboratory
of Radiochemistry, Institute for Chemical Research,
Kyoto University.  In 1982, he was appointed full
Professor of Kyoto University and directed the
Laboratory of Radiochemistry (present name, Interface
Science III), Institute for Chemical Research.  At the
Graduate School of Science, Kyoto University, he gave
lectures on Radiochemistry, Analytical Chemistry and
Geochemistry, and supervised the dissertation works of
many graduate student.  His sincere and warmhearted
character has been admired by his friends, colleagues and
students.

Dr. Matsui devoted himself to the Japan Society for
Analytical Chemistry, and officiated as Vice-President
of the Society between 1994-1995.  He was a member of
the interdisciplinary committee of world cultural council,
and the trustee of Japan Society of Solvent Extraction
Chemistry and others.  He has also chaired the
International Symposium on New Sensors and Methods

Professor Masakazu Matsui

(Interface Science, Division of

Separation Chemistry)

Retirement



93

Retirement

On the 31st of March, 1999, Dr. Atsuyoshi Ohno

retired form Kyoto University after 26 years of service to

the University and was honored with the title of Professor

Emeritus of Kyoto University.

Dr. Ohno was born in Hiroshima on the 13th of

February, 1936.   After graduation from Department of

Chemistry, Faculty of Science, Kyoto University in 1958,

he continued his studies as a graduate student.  In 1960,

he was appointed a technical officer of the Radiation

Center of Osaka Prefecture, under the supervision of the

Professor Shigeru Oae.   He was granted a doctoral degree

from Osaka City University in 1963 for his studies on the

neighboring participation of sulfur to carbaion

stabilization.   In 1963, he stayed at the Department of

Chemistry, Massatusetts Institute of Technology and

studied reaction mechanism of S
N
2 type hydrolysis with

Professor C. G. Swain.    In 1965, he moved to the

Department of Chemistry, Purdue University and studied

kinetic and theoretical studies of carbanion chemistry with

Professor R. E. Davis.    In 1966, Dr. Ohno was promoted

to Research Fellow at Sagami Chemical Research Center.

In 1969, he was promoted to the chief researcher of the

same center.   In 1974, Dr. Ohno was promoted to

Associate Professor of Institute for Chemical Research,

Kyoto University.     In 1989, he was appointed full

Professor of Kyoto University and directed the Laboratory

of Bioorganic Chemistry.

During the past 40 years, his research interest

encompassed a wide array of physical organic chemistry,

bioorganic chemistry, and synthetic organic chemistry.

Following his early studies on the mechanism of sulfur-

stabilized carbanion, he developed a series of basic organic

reaction mechanism.   His idea of assistance of 3d-orbital

of sulfur on stabilization of carbanion prompted numerous

organic chemists  to use the sulfur stabilized carbanion in

synthetic organic chemistry.   He synthesized a series of

model compounds of NADH, and carried out the

stereoselective reduction of ketones with high

enantioselectivity.   He proposed a novel mechanism of

the reaction with nicotinamide cofactor, namely, in the

reaction of transfer of (net) hydride, electron transfer

proceeds prior to hydrogen transfer and multi-step electron

proton-electron transfer was observed in the model

reaction.   His proposal raised a big controversy among

organic chemists and biochemists during two decades and

finally, multi-step mechanism was supported as the

standard mechanism.

He synthesized a chiral 5-deazaflavin model and

several NADH models which had axial chiralities and he

found conversion of a central chirality into an axial

chirality (chirality sink) or vice versa in the oxidation or

reduction of these model compounds.

He used bakers' yeast as a biocatalyst to reduce various

ketones into the corresponding chiral alcohols in high

enantioselectivities.   He found a new system for artificial

control of the stereoselectivity of microbial reductions.

He served as editors of Bulletin of the Chemical

Society of  Japan, Chemistry Letters, Reviews on

Heteroatom Chemistry, and Heteroatom Chemistry.

He gave lectures on advanced bioorganic chemistry

at the graduate school of science at Kyoto University and

supervised dissertation works of graduate students.   His

sincere and warmhearted character has been admired by

his friends, colleagues, and students.

Professor Atsuyoshi OHNO

(Bioorganic Chemistry,

Division of Bioorganic Reaction Theory)
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