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Front cover

The figures shown on the front cover represent a
schematic diagram of Gas Scintillation Proportional
Counter (hereafter abbreviated as GSPC) and pulse
height spectra (Mn Ka, ) obtained by GSPC. The
GSPC is a parallel-mesh type one as shown
schematically in the upper figure. The instruments and
conditions in experimental are presented in Tablel. The
entrance window consists of 50 um thick Be of 30 mmg
area. The outer surface of Beis coated with a dotite for
eectrical conductivity. The counter isfilled with Xe gas
which isintroduced for the purification for rare gases.

An X-ray photon absorbed in thefirst region produces
a cluster of primary electrons. Theseelectrons drift

towardsthe first mesh held at a potentia V,. Thisregion
is called the drift region. In the second region, the
electrons are accelerated towards the second mesh at a
potential V,, and generate a number of photons, whose
total number is proportional to the energy of the
incoming X-ray photon. Thisis called the accelerating
region. The performance of the counter is determined by
the high voltage values V1 and V2 and the gas pressure p.
We operate the counter with V, =340V, V, = 5660 V
and p = 1.5 atm. As an X-ray source, Mn K X-rays
(Radio-1sotope %Fe) were used. In the laboratory, GSPC
has been developed for the observations of the
fluorescence x-rays below 1 keV.
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Preface

In 1999, the first transplant of an organ from a brain-dead donor was performed since the Organ
Transplant Law was passed. This has brought science under scrutiny from the ethical side. Aswell
as the leading edge such as information, life sciences, and earth sciences, science and technology
for mankind and for a better society and quality of life probably become to active field of develop-
ment.

The government’s plan to turn national universitiesinto “agencies’ providesthat they are allowed
to continue to give priority to education and research. The move would add Japan’s 99 national
universities to alist of government-run institutions including national museums and research insti-
tutes, that are transformed into semiautonomous agencies. The plans are part of the government’s
bid to increase administractive efficiency by placing the institutions under the control of a separate
management system. Rather than complying with the government’s agency bill, which setstargets
based on the rationalization plan, Monbusho is asking for a separate bill for universitiesto maintain
the standard of research and education. According to the proposed bill, performance-related targets
would be reviewed every five years, and the evaluation would be carried out by an independent
assessment body that Monbusho plans to set up thisApril. Indeed, this plan is serious problem as
for national universities.

The ICR Annual Report continues to strive to provide timely and important information on the
scientific activities of the ICR. At the end of March, 1999, Professor A.Ohno of the Laboratory of
Bioorganic Reaction Theory retired from the ICR and was appointed to a Professorship at Fukui
Technology University. Professor M.Matsui of the Laboratory of Separation Chemistry, who has
contributed a great deal to environmental protection of the ICR, also retired from the ICR. In
addition, Professor M.Inoue of the Laboratory of Beams and Fundamental Reactions moved to the
Research Reactor Institute as Director, and Professor S.Takahashi of the Laboratory of Biopolymer
Structure moved to Kyoto Women's University. We have appointed Drs. S.Goto and K.Mibu as
Associate Professors of the ICR. At the present stage, 23 full professors. 27 associate professors,
and 39 instructors work in the ICR, and about 240 graduate students study at the ICR.

Finally, | would like to congratul ate Professor K. Tamao for the Chemical Society of Japan Award,
and also Associate Professor J.Hiratake for the Japan Bioscience, Biotechnology and Agrochemistry
Society Award for the Encouragement of Young Scientists.

January, 2000 )

Yukio Sugiura
DIRECTOR
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Development of Gas Scintillation Proportional Counter

Nobuyuki Shigeoka, Kohei Mutaguchi, Yoshikazu Nakanishi,
Yoshiaki 1to and Takeshi Mukoyama

Properties of gas scintillation proportional counter are investigated for Mn K X-ray spectra. The energy
resol ution (8.9%) on this type of the counter has twice as good as that (19%) of Xe gas sealed propor-
tional counter. In the counter, a distortion of the pulse-height distribution due to alow-energy tail is
observed. Thisfact can be attributed to the penetration of high energy X-raysin the accelerating region.
Therefore, it is considerable that the tail may be enhanced for higher energy photons.

Keywords.Gas Scintillation / Proportional counter / Mn K X-ray / Pulse-height distribution

Proportional counters have been most commonly used
in various field of research due to the structural simplic-
ity and the high quantum efficiency. The energy resolu-
tion of the proportional counter is about 40 % and insuf-
ficient for resolving characteristic emission lines for Al
Ka. On the other hand, X-ray spectrometers are limited
in use for wavelength dispersion. Therefore, gas scintil-
lation proportional counters (hereafter abbreviated as
GSPC) have a good potential for X-ray characteristicsin
the material sciencesand X-ray astronomy. The physical
processes which underlie the functioning of the GSPC
are described elsewhere[1].

We have developed GSPC for the observations of the
fluorescence X-rays below 1 keV. This energy region in-

cluding L emission linesin 3d elementsis recently being
watched with keen interest. In this paper, we present the
properties of Xe gas sealed proportional counter (as PC)
and GSPC for Mn K X-rays. A distortion of the pul se-
height distribution in low energy side appeared in GSPC.
This phenomenon is discussed.

The GSPC used in this work is a parallel-mesh type
one as shown schematically on Figure 1. The entrance
window consists of 50um thick Be of 30mm @area. The
outer surface of Be is coated with a dotite for electrical
conductivity. The counter isfilled with Xe gaswhichis
purification for rare gases.

An X-ray photon absorbed in thefirst region produces
acluster of primary electrons. These electrons drift to-

STATESAND STRUCTURES O Atomic and Molecular Physics [J

Professor Assoc. Prof Instructor
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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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wards the first mesh held at apotential V.. Thisregionis
called the drift region. Inthe second region, the electrons
are accel erated towards the second mesh at a potential V.,
and generate a number of photons, whose total number is
proportiona to the energy of the incoming X-ray photon.
Thisis called the accelerating region. The performance
of the counter is determined by the high voltage valuesV,
and V., the gas pressure p[2]. We operate the counter
withV =340V, V =5660 V and p=1.5 atm. These values
were constant during the course of the present study. As
an X-ray source, Mn K X-rays (Radio-lsotope *Fe) was
used. A sealed PC was prepared in this work for a com-
parison. A mixture of 97% Xe and 3% CO, at 250 torr
was used for PC.

Mn K X-rays were used in order to evaluate the prop-
erties of the GSPC and PC.Pulse-height spectra for al-
most mono-energetic X-ray taken with the GSPC and PC
are shown in Figure 2. The pulse-height spectrum is ex-
pressed in keV. Relative intensity and FWHM of Mn K
photon energies are presented in Table 1. From thistable,
it isfound that GSPC has twice as good an energy resolu-
tion as that of PC.

A characterigtic featurein GSPC isthat the pul se-height
spectrareveal ataiil towards lower pulse-heghts as seen
in Figure2 and Table 1. Thisphenomenon isnot observed
in PC. It is considerable that the tail may be attributed to
the penetration of X-rays, and also influence the peak
position of the spectrum in the fitting method.

Thefact gives the suggestion that the high energy pho-
tons pass through the drift region and reach the accelerat-
ing region. Therefore, in near future, we attempt to ex-
plain the phenomenon in terms of the variation in the drift
and acceleraing region.

References

1. R.D.Andresen, E.A.Leimann and A.Peacock:
Nucl.Instr.Meth.,140,371(1977)

2. H.lnoue, K.Koyama, M.Matsuoka. et al.:
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Figure 2. Pulse-height spectrum obtained by GSPC (up)
and Sealed PC (down)

Detector Peak (split by gaussian fitting) FWHM (channel) Relative Intensity(Integral)

GSPC Mn Ka 8.9% 100
MnKp 6.7% 5.9

Xe escape peak 33% 25

low energy tail 20% 13

SPC Mn Ka 16 % 100
MnKp 16 % 27

Xe escape peak 45 % 5.7

Table 1. FWHM and relative intensity of eachpeak obtained by GSPC and Sealed PC
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TEM Analysis of Pt-particles Embedded on TiO,
Exhibiting High Photocatalytic Activity

Masahiko Tsujimoto, Sakumi Moriguchi, Seiji | soda, Takashi K obayashi
and Teruo Komatsu

For fine particles of semiconductive rutile TiO, supporting ultra-fine particles of Pt which were pre-
pared by decomposing a colloidal organic-Pt complex, the structural aspects of the high photoactivity
were examined by high resolution imaging, X-ray mapping by energy dispersive spectroscopy and elec-
tron energy-loss spectroscopy. As aresult, the Pt particles with nm-sizes were found to grow epitaxially
on rutile, which supports an expected mechanism that the photo-excited electrons efficiently transfer
from TiO, to Pt and promote the reduction of O, to O,.

Keywords: Decomposing organic-platinum colloid/ Epitaxial growth/ Analytical electron microscopy

A photocatalytic reaction is induced at surfaces of
semiconductors being related with the generation of
electrons and holes photo-excited by light irradiation.
Their high chemical activities cause reduction or
oxidation of reaction system. In the photocatalytic effect
of the semiconductor, the activity usually increases with
increasing surface area, and also it is possible to improve
the reaction rate and the selectivity of reaction by
changing metal species[1].

The effect of embedding of metal particlesis consid-
ered to depend on the exchange of the electron or the
positive hole at the boundary between the semiconductor
surface and metal particle. Recently Komatsu et al. have
proposed a new method to embed fine metal particles on
TiO, by decomposing colloidal organic-metal complexes
[2]. The enhancement in photocatal ytic activity was con-
sidered to be due to the increase in numbers of surface

reaction sites, and also the photo-excited el ectrons trans-
fer mainly from TiO, to metal at the surface of ultra-fine
particles. However, the boundary structure has not been
made clear. Therefore, in the present study, the Pt ultra-
fine particles embedded on TiO, were studied by trans-
mission electron microscopy (TEM) including high reso-
[ution imaging (HR-imaging), elemental mapping by en-
ergy-dispersive X-ray spectroscopy and electron energy-
loss spectroscopy analyses.

The TiO, embedded with ultra-fine particles of Pt was
prepared following the decomposing method already re-
ported [2]. HR-images were taken with a high resolution
high voltage TEM (HRHVTEM, JEOL ARM-1000) and
elemental mapping with characteristic X-ray was carried
out with a JEM-2010F scanning transmission electron
microscope (STEM) equipped with afield emission gun
at 200kV . Electron energy-loss spectroscopy (EELS) and

STATES AND STRUCTURES — Crystal Information Analysis —

Scope of research
Sructures of materials and their structural transition associated with chemical reactions are studied through the direct obser-
vation of atomic or molecular imaging by high resolution spectro-microscopy. It aimsto 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 adsor ption states of organic materials, and development
on high resolution energy filtered imaging as well as electron energy-loss spectroscopy.
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Figure 1. A typical HR-image taken along the [110] of rutile TiO,, on which the Pt particles are concluded to grow epitaxialy. The
(110)-plane surface of TiO, isindicated with the horizontal two arrowheads.

energy filtered imaging were carried out with a GIF at-
tached to the HRHVTEM.

From TEM observation, the TiO, particles were found
to be embedded with smaller Pt particles of about 3nm.
The specimen was examined with a STEM, EELS and
energy filtered-image with aGIF in HRHVTEM to ana-
lyze the elemental distribution in the specimen.

The structure of the boundary between the TiO, par-
ticle and the embedded Pt particle was observed by HR-
imaging (Fig. 1). Theimageisaprojection of rutile TiO,
along the [110], whose (110)-surface indicated by the
two black arrowheads is amost parallel to the incident
electron beam. In this case, all observed Pt particles are
embedded on the (110)-surface of TiO,. In the Pt par-
ticles, lattice fringes with the spacings of d=0.23nm and
0.20nm are observed, which correspond to the (111)- and
(002)-spacings of f.c.c. Pt, respectively. Based on the
above results, the orientation of the Pt particlesin the fig-
ure is amost along the [110]-projection of f.c.c. Pt. On
the other hand, in the TiO,, the lattice fringes of
d=0.30nm and 0.35nm are observed, which correspond
to the lattice spacing of (001)- and (110)-planes of rutile
TiO,, respectively. Consequently, theimage of TiO, was
taken aong the [110]-direction of rutile-type structure.

Theimage of Fig. 1 indicates a specific orientation re-
lation of Pt particles with respect to TiO,. In other words,
the image was taken as a projection along the [110] of Pt
and also along the [110] of TiO,. This crystallographic
relation is achieved by epitaxial growth of f.c.c. Pt on
tetragonal rutile TiO,,

Based on the above results, we will discuss here the
growth mechanism of Pt on TiO,. The epitaxy is usually
controlled by lattice misfit at the boundary [3]. The fun-
damental spacings of d=0.296nm and d=0.268nm on
TiO, (110) are the low-indexed Fourier-components in

the Fourier series of two-dimensional surface potential.
Lattice planes of Pt having the similar spacings to
0.296nm and 0.268nm of TiO, are the candidates to
match with the basic lattice of TiO, surface. From the
values of misfit, the smallest two cases are sellected;
(110) of Pt // (001) of TiO, and (110) of Pt // (111) of
TiO,, which may realize the lower interfacial energy due
to lower distortion of lattices at the boundary. However,
the sign of misfit in the latter caseis positive. This desig-
nates that the lattice spacing of overlying Pt ultra-fine
particle should be compressed at the boundary from that
in bulk, but such situation is not favorable. Accordingly,
the former case with negative sign of the misfit value
may lead to relatively lower interfacial energy than that
in the latter case, though the misfit value is slightly
larger. Actually observed epitaxial orientation of Pt par-
ticlesis (110) of Pt// (001) of TiO,.

In conclusion, the Pt ultra-fine particles grow epitaxi-
aly on TiO, surface by decomposing method of colloidal
organic Pt complex, which indicates a regular interface
between Pt and TiO,. Such regular boundary works as a
good transfer region for electrons and holes. Conse-
quently the Pt ultra-fine particles contribute to separate
distinctly the charges of electrons and holes generated in
TiO, by light irradiation aswell asto enlarge surface area
which relates with higher reaction efficiency.
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Swelling Behavior of Polybutadiene Networ ks
in Nematic Liquid Crystal Solvents

Kenji Urayama, Mousumi De Sarkar, Takanobu Kawamura and Shinzo Kohjiya

Degree of equilibrium swelling (Q) of polybutadiene networksin four nematic liquid crystals (LCs) has
been investigated as a function of temperature by cross-polarized microscopy. Phase behavior of the
LCs in the networks has also been observed. It has been found that the nematic-to-isotropic phase
transition temperatures of the LCsin the networks (Tng) aredlightly (ca_ 1K) lower than the ones of the
corresponding pure LCs (T, °) and that the depression degrees of T, in each system are comparable in
spite of large differencesin Q between every system. In the temperature regionsof T 9<T<T ° where

the LC phasesinside and outside gel are different, Q is almost constant against temperature Hange

Keywords : Swelling/ Polymer network/ Polymer gel/ Liquid crystal/ Nematic-to-isotropic phase tran-

sition

Swelling is an interesting property specific to polymer
gels together with rubber elasticity. Degree of swelling
of polymer gels significantly depends on the environ-
ments such as the nature of swelling solvents, tempera-
ture etc. which influence the thermodynamic interaction
between the constituent polymer and the solvent. Most
of the earlier studies are focused on the swelling in con-
ventional isotropic solvents, but few studies on the poly-
mer gels swollen in anisotropic solvents, i.e., liquid crys-
tal (LC) solvents are reported so far. Polymer network
swollenin LC solvent is expected to exhibit some unique
physical properties originating from nematic-to-isotropic
phase transition and nematic character of the LC sol-
vents. Especially, the effect of the nematic-to-isotropic
phase transition of L C (as swelling solvent) on the degree
of equilibrium swelling (Q) is an interesting subject. In
the present study, we have critically investigated the tem-
perature dependence of Q especially in the close vicinity
of nematic-to-isotropic phase transition temperature
(T,,) using four chemically stable L C solvents with vary-

ing structure [1].

Cylindrical polybutadiene (PB) gels with a diameter
of lessthan 1mm wereimmersed in the LC solventsin an
optical cell at certain temperatures until the equilibrium
swelling was achieved. Four LC solvents, 4-octyl-4-bi-
phenyl carbonitrile (1), 4-(trans-4-pentyl-cyclohexyl)
benzonitrile (11), 4-(cyanophenyl-4-heptyl) benzoate
(1'11) and 4-4'-diheptyl azoxybenzene (1V) were used as
swelling solvents. The phase and swelling behaviors
were examined with Nikon cross-polarized microscope
equipped with Mettler Hot stage FP-82 under nitrogen
atmosphere. T, of LC solvent was determined as the
temperature at which the nematic texture appearsin the
cooling process. The degree of equilibrium swelling (Q),
defined astheratio of the gel volumesinthedry (V) and
equilibrium swollen state (V), was calculated from the
diameter of the gelsin the dry (d)) and swollen state (d)
under the assumption of isotropic swelling using therela-
tionship, Q = V/V_ = (d/ d )

Cross-polarized microscopic observation reveal s that
the LC solvents outside or inside the gels have different

STATES AND STRUCTURES — Polymer Condensed States —

polymer solids.

Scope of research

Attempts have been made to el ucidate the molecular arrangement and the mechanism of structural formation/changein 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
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T, for all the systems studied. The LC solvent outside the
gel corresponds to the pure LC solvent. T, of the LC in-
side and outside gel, designated as T, 9 and T, ° respec-
tively, are displayed in Table 1. T, 9 of all the systems are
0.7~0.9 degree lower than T, °. In the temperature range
T, <T<T,° the LCsoutside or inside the domain of
gels form two different phases: nematic and isotropic re-
spectively. The corresponding appearance of the sur-
rounding solvents and gel remain bright and dark, respec-
tively, under cross-polarized microscope. The slightly
lower T, ¢ compared to T, ° can be qualitatively ex-
plained by taking into account of the impurity effects of
the polymer backbone of the gels on the phase transition
of the LCs. However, it is noteworthy that the degrees of
depression in T, ¢ in each system are comparable (0.7 to
0.9 degree) regardless of the considerable differencesin
Q vaues (impurity content) at T, ¢ between every system.
For example, the polymer volume fractions in the gels
(¢=1/Q) containing Il and 111 at T, ¢ are ca. 0.14 and ca.
0.49, respectively, corresponding minimum and maxi-
mum among the four systems. In our previous communi-
cation, we reported that T, 9 of the PB gelsin anematic
LC (EBBA) was much higher than T of the un-
crosslinked PB solution of EBBA with the same PB con-
tent, i.e., T, ¢ was not so much depressed as expected
from the impurity content [2]. In the present study, the
independence of T, 9 values on @ observed also implies
that the depression in T, ¢ can not be simply explained in
terms of only the impurity effect. Interaction between LC
solvents outside and inside gel leading to promote the
nematic phase formation inside gel, if present, may ex-
plain the unexpected non-sensitivity of T, 9 to gfor the
present systems. The study for this problem is now in
progress.

Temperature (T) dependence of the degree of equilib-
rium swelling (Q) for the PB gel in LC | isshown in fig-
urel. In genera, Q tendsto increase with increasein tem-
perature. The magnitude of Q in the isotropic phaseis
larger than that in the nematic phase. The following fea-
turesfor the T dependence of Q around T,, are commonly
observed for al the systems as evidenced by the inset of
the figure: (i) The Q-T curves show plateau regions at
around T, with no appreciable changein Q; (ii) A finite
abrupt (discontinuous-like) change in Q values is ob-
served at certain temperaturesaround T, .

In the temperature range of T, ¢ < T < T, °whichis
characterized by a plateau region for Q, the LC solvents
inside the gel are isotropic, whereas the solvents outside
arein their nematic phase. It appears that such a phase
difference prevents the flow of LC solvents between out-
side and inside the gels and the swelling practically stops
showing almost constant value of Q against the tempera-
ture change. The discontinuous-like change in Q is ob-
served at certain temperatures for al the systems. But the
degree of discontinuity is much smaller than that ob-
served in some gel's showing typical volume phase transi-
tion. Without application of any externa fields, LC inthe
nematic phase has poly-domain nematic structure where

the anisotropic nature of nematic LC is macroscopically
cancelled out. The dight discontinuity of volume change
should be attributed to the screening effect of poly-do-
main nematic structure on the anisotropic characters of
nematic LC molecules. However, the effect of the for-
mation of the poly-domain nematic structure on the ther-
modynamic interaction between the PB and LC is still
large enough to cause an appreciable, though small, dis-
continuous-like change in gel volume. Formation of
mono-domain nematic structure, under the application
of external field, where the LC molecules are macro-
scopically aligned in a unique direction is expected to
induce significant change in thermodynamical interac-
tion leading to large discontinuous volume change.
Swelling in a mono-domain nematic L C solvent using
external electric field is our future subject to study.
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Table 1. Nematic-to-isotropic phase transition temperatures
of liquid crystalline solvents outside (T,,°) and inside (T,,9)
poly(butadiene) gel, and polymer volume fraction (¢) in the
gelsat T, 0.

LC TN|°/K TN|9/K ATNI/K pat Tng
| 3136 3129 0.7 0.26
I 3273 3264 0.9 0.14
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Figure 1. Temperature dependence of degree of equilibrium
swelling (Q) of PB gel in LC I. Theinset isfor the vicinity of
T
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In-situ NMR Study of Hydrother mal Reactions of Hazar dous
Chlorinated Organic Compounds: CH.CI,

ChihiroWakai, Masaru Nakahar a, Yasuo Tsujino and Nobuyuki Matubayasi

Hydrothermal decomposition of a hazardous chlorinated organic compound, dichloromethane, has been
investigated using in-situ NMR spectroscopy. It isfound that the hydrolysis of dichloromethane yields
methanediol asan intermediate. Methanediol isahydrated form of formaldehyde and easily transformed
into methanol and formic acid under basic conditions. In the temperature range of 70-140 °C, the
Cannizzaro-type reaction occurs: methanediol produces the reduced form, methanol and the oxydized
form, formic acid. At higher temperatures between 200 and 250 °C, on the other hand, two methanediol
molecules form glycolic acid which has a new C-C bond. The reaction rate constants and activation
energies for the dechlorination and the Cannizzaro-type reactions have been obtained.

Keywords : Hydrothermal reaction / in-situ NMR spectroscopy / dichloromethane / dechlorination /

Cannizzaro reaction

Recently we are alerted that many useful chlorinated
organic compounds are biologically and environmentally
hazardous. It isthus a main goal of environmental
chemistry to establish areaction scheme which provides
nontoxic and recyclable organic compounds from chlori-
nated organic compounds by reducing the C-Cl bonds as
shown in Fig. 1. To achievethisgoal, high-temperature
and high-pressure water is a desirable medium since it is
clean and safe and able to dissolve organic compounds.
In order to convert hazardous chlorinated compounds to
recyclable compounds, the reduction process in
supercritical water (SCWR) is more preferable than the
oxidation process (SCWO), as shown in Fig. 1. By the
SCWO method, organic compounds are oxidized com-
pletely and any useful compounds are not recovered. In
contrast, the hydrothermal dechlorination enables one to
recycle hazardous chlorinated compounds under milder

conditions. In order to develop an optimal process for
recycling hazardous chlorinated compounds, it is essential
to understand the dechlorination mechanism. The purpose
of this report is to show the power of in-situ NMR
spectroscopy for gaining insights into the reaction mecha
nism. By this method, the formation and breakage of
chemical bonds can be observed in real time and it is
possible to simultaneously characterize not only products
but also reaction intermediates. Here we focus on thein-
situ NMR observation of the hydrothermal reactions of
CH,CL,

CH,CI, supplied by Nacalai was used after the
stabilizer and impurity were removed. NaOH of
guaranteed reagent grade obtained from Nacalai was used
without further purification. Water was purified using a
Milli-Q Labo. filter system (Milli-Q Pore). Agueous
NaOH solution was prepared by weight; the concentration
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Figure 1. Sub- and supercritical C, chemistry of chlorinated
organic compounds. For example, CH,CI, can be converted to
useful organic compounds by reduction and oxidation before
reaching to the final oxidation states, H,O and CO,.
was 0.5-2.0 M. An amount of CH,CI, corresponding to
0.8-1.0 M solution was put in a quartz tube, the outer and
inner diameters of which were 4.0 and 2.5 mm,
respectively, and then water or agueous NaOH solution
was added by using amicro-syringe. Thetube was sealed
to alength of 7 cm. We used an NMR spectrometer (JINM -
EX270, JEOL; 6.35 T) equipped with a high-temperature
probe previously applied to the study of supercritical
water. We measured *H and **C spectra as functions of
temperature and NaOH concentration; it took ~10 min to
heat the system up to 250 °C. CH,CI, and CH,OH were
used as reference materials for the *H and *C chemical
shift measurements. The free induction decay signal was
accumulated 8-16 times for *H and 25000 times for **C.
The main reaction of methanediol in the temperature
range of 70-140°C s

2CH,(OH), + OH" Cannizzaro

At higher temperatures (200 and 250 °C), on the other
hand, we have found another reaction path of methanediol.
From the chemical shifts of *H and *C, it is clear that the
new product is glycolic acid (CH,(OH)COOH), and the
reaction path of the formation of glycolic acid is
considered as follows:

2CH»(OH); —————> CH,(OH)CHO ————> CH,(OH)COOH .

2H,0 Oxidized

According to the time dependence of the
concentrations of the intermediate and products at 80 °C,
the concentration of methanediol quickly increases and
reaches a plateau. The concentrations of methanol and
formic acid increase linearly with thetime. Thisindicates
that the dechlorination reaction isthe rate-determining step
and that the Cannizzaro reaction occursimmediately after
the dechlorination. In other words, CH,(OH), is further
evidenced as an intermediate of the hydrothermal
decomposition of CH,CI,. Itisin addition shown at 80
°C that the reaction rate of the Cannizzaro reaction
increases with the concentration of OH'.

HCOO + CH30H + 2H,0.

| 1 1
X
— T~y —X

800-| XX/Y o L
9% —x— Total
%/( —eo— CH.Cl,

600 —o— CH;OH +
—~ -0~ HCOOH
% —e— CH,(OH),
=~ 400+ =
O

200+

0 100 200 300 400 500

Time (min)
Figure 2. Time dependence of the concentrations of the reactant
and products of the hydrothermal reaction of CH,CI,(0.8 M) in
aqueous NaOH solution (1.6 M) at 140 °C.

It is depicted in Fig. 2 how the concentrations of the
reactant and products vary with time at 140 °C: at 120
and 130 °C, the time dependences are very similar to that
at 140 °C. Asexpected, the dechlorination at 140 °C is
much faster than that at 80 °C. The plateau valuesfor the
concentrations of the productsindicate that the Cannizzaro
reaction isquickly finished. The stationary concentrations
of methanol and formic acid produced are d most the same
(=170 mM) at 120, 130, and 140 °C. Methanediol
increases monotonously with time. When more than 300
min has passed, the concentration of methanol is larger
than that of formic acid. This is caused by the cross
Cannizzaro-type reaction between methanediol and formic
acid, which produces methanol and carbon dioxide as
clarified in the previous work on the hydrothermal
decomposition of s-trioxane.

We aso determined the rate constants as functions of
the[OH'] concentration at 80 °C according to thefollowing
reaction scheme:

k
CH,Cl, + 20H —=3 CH,(OH), + 2CI",

k

2CH,(OH); + OH'—3 HCOO" + CHOH + 2H,0.
In the low concentration range, the rate constant for the
Cannizzaro reaction is amost independent of [OH]: k, =
5.6%10% and 6.2%10°% M2 st at 0.5 and 1.0 M,
respectively. In 2.0 M solution, on the other hand, k, is
15%10° M2 st and ~3 times larger than thosein 0.5 and
1.0 M solutions. It has been reported that the rate constant
is proportional not to [OH] but to [OH]* at high
concentrations due to the existence of the second ionized
state, CH,(O'),, of methanediol: the ability to make the
hydride ion H" is much higher for CH,(O"), than for
CH,(OH)O'.

It is therefore concluded that the hydrothermal
dechlorination of dichloromethane can be achieved
efficiently at 250 °C in the presence of a base (NaOH).
Such ahigh temperature is required to compensate for the
solubility drop due to the base and to accelerate the rate
of the transformation to useful compounds.
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A Molecular Design towards a Highly Amphoteric and Polar
Molecule (HAPM) to Assemble Novel Organic Solid-State
Structures

Naoki Sato, |kuo Kawamoto, Taro Sakuma and Hiroyuki Yoshida

A molecular design towards a highly amphoteric and polar molecules (HAPM) to fabricate a novel molecular
assembly with notable electronic properties is proposed. This design stresses the combination of electron-
donating and accepting segments with a pseudo-delocalized Tr-€lectron system. To examine the suggested
contrivance, 2-(4-dicyanomethylenecycl ohexa-2,5-dienylidene)-4,5-ethylenedithio-1,3-dithiole, 1, was designed
and synthesized asatest molecule. Resultsfrom semiempirical MO calculations and several kinds of experiments
imply most characteristics expected for HAPM in principle.

Keywords: Amphoteric molecule/ Intramolecular charge transfer/ Intermolecular charge transfer/ Dipole

moment/Molecular packing

A single molecule which works as both an electron
donor (D) and an electron acceptor (A) is called an
amphoteric molecule. The amphotericity is connected
with, e.g., asmall energy gap between HOMO and LUMO
and is noteworthy in organic materials science.
Nevertheless, only a few studies to produce a highly
amphoteric molecule have been reported so far, e.g., an
approach with tuning electronic levels of a polycyclic
aromatic hydrocarbon (PAH) to stahilizeits LUMO and
also to destabilize its HOMO as demonstrated by
pentaleno[1,2,3-cd:4,5,6-c’ d']diphenalene (PDPL), while
they have not taken the control of molecular aggregation
form into account as such amolecule has no peculiar clue
for intermolecular interaction.

Here we propose another approach based on the
combination of D and A segments with a pseudo-
delocalized electron system to realize an amphoteric
nature with controllability of molecular arrangementsvia
charge transfer interactions leading to novel electronic

properties. A molecule thus-designed is expected to have
ahigh polarity, however, isdifferent from the conventional
‘push-pull’ type of molecules.

Thismolecular design of ahighly amphoteric and polar
molecule (HAPM) lays stress on the choice of achemica
link between D and A segments; thisisinfluentia to both
intramolecular and intermolecular charge-transfer degrees
[1]. When a non-conjugated bonding like a saturated
hydrocarbon chain is applied, two segments are fixed at
both ends with no through-bond interaction. Conversely,
an intramolecular charge transfer will rigorously be
induced to form nearly zwitterionic charge distribution
in the molecule when an efficiently delocalized Te-electron
system such as a charge resonance one is employed; this
could depress a controllability of molecular arrangements
by a balance between intramolecular and intermolecular
charge-transfer interactions.

Thus, abonding system permitting a moderately high
degree of Tr-electron delocalization is expected to keep

INTERFACE SCIENCE — Molecular Aggregates —

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 propertiesis also studied in relation to molecular motions.
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the electronic nature of each segment nearly unchanged,
so that intermolecular charge-transfer interactions could
further work in the condensed phase. Besides, not only
electronic factor above but also steric one should be
considered to choose the system to realize a variety of
molecular packing manners. HAPM fulfilling these
requirements may be crystallized with gross polarization
due to molecular dipole moments arranged in the same
direction if the resulting electrostatic instability is
suppressed by the intermolecular interaction; such a
specific structure could exhibit notable electronic
properties.

With bearing these discussions in mind, to test the
promise of HAPM by our approach the following
molecule has been designed and synthesized: 2-(4-
dicyanomethylenecyclohexa-2,5-dienylidene)-4,5-
ethylenedithio-1,3-dithiole,1, by connecting a 4,5-
ethylenedithio-1,3-dithiolylidene group as D segment and
a dicyanomethylene group as A segment with a quinoid
structure, which is expected to show a possible
heterovalent resonance through the electron conjugation
resulting in a moderately high degree of intramolecul ar
T-electron delocalization. Thisislargely predicted by
semiempirical MO calculations.

The el ectronic aosorption spectrum of 1inachloroform
solution exhibits an intense band a Amax = 670 nm (hv =
1.85 eV) with the oscillator strength f = 0.75. Such a

large value can be understood by considering the
intramolecular charge transfer to be enhanced by optical
excitation; thisis consistent with the cal culated results of
the dipole momentsin the ground and excited states. Itis
notable that the Amax value is much larger than that
calculated by the ZINDO/S method, 406 nm (3.05 eV),
even if a possible influence by solvent is taken into
account.

Cyclic voltammetry gives the difference between the
first oxidation potential and the first reduction one, A1E,
which indicates the magnitude of electrochemical
amphotericity. Although A1E = 1.615V for 1islarger
than that of PDPL (0.99V), itisdlightly smaller than that
(1.65 V) of a derivative of bis[1,2,5]thiadiazolo-p-
quinobis(1,3-dithiole) known as a single-component
organic semiconductor with aremarkably narrow energy
gap. It should be noted that it is much smaller than that
of dibenzo[cd,Im|perylene (2.29V), aPAH with asimilar
sizeto PDPL.

Thus, the above results can support feasibility of our
molecular design towards HAPM, while aggregation
forms of its test molecules are to be examined.

Thiswork has been performed partly in cooperation
with the late Professor E. A. Silinsh and Dr. A. J. Jurgis.
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Real-Time Monitoring of Cell Cycle Progression by
Dielectric Spectroscopy

Koji Asami, Eugen GheorghiuJrl and Takeshi Yonezawa 2

A dielectric technique has been devel oped for monitoring of cell cycle progression in synchronized culture,
which would be a promising tool for cell cycle analysisin cell biology and biotechnology.

Keywords: Dielectric relaxation/ Yeast/ Synchronized culture/ Septum formation/ Cdc mutant

Synchronized cell cultureisan indispensabletechnique
in cell cycleresearch. In order to assay synchronous cell
growth, cellsare sampled at aregular interval over afew
cell cycles, and the changes in morphology and DNA
content are examined by optical microscopy and flow
cytometry, respectively. Unfortunately, the examinations
are time-consuming and laborious task, and therefore
alternative methods capable of real-time and in situ
measurement become increasingly important for precise
analysis of cell cycle progression and for screening
mutants. Dielectric spectroscopy can be a most suitable
method for this purpose because of the non-invasive and
rapid measurement sensitive to the morphological and
electrical properties of cells.

We have applied dielectric spectroscopy to real-time
monitoring of cell cycle progression in synchronized yeast
cell culture[1]. The dielectric monitoring is based on the
el ectromagnetic induction method, regarded as a non-

electrode method, which has resolved the problems
encountered in measurements with metal electrodes,
namely, electrode polarization and bubble formation on
electrodes. In the synchronized culture with temperature-
sensitive cell division cycle mutants, the permittivity of
the culture broth showed cyclic changes at low frequencies
below 300 kHz. The increase and decrease in the cyclic
permittivity changes correspond to the increase in cell
length and bud size (S-phase to M-phase) and to the
septum formation between mother and daughter cells (M-
phase to G1-phase), respectively.

NIB-UNESCO Center of Biodynamics, Calea Plevnei
46-48, 77102 Bucharest 1, Romania. ™Production
Division I, Suntory, Shimamoto-cho, Osaka 618-0001.
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| mproved Extraction-Separ ation Utilizing Macrocyclic
|l onophores as | on-Size Selective M asking Reagents

Shigeo Umetani

Improved extraction-separation could be achieved in the extraction of alkaline earths with 1-phenyl-3-
methyl-4-benzoyl-5-pyrazol one and tri-n-octyl phosphine oxide by adding macrocyclic ionophore such
as 18-crown-6 or cryptand [2.2.2] to the agueous phase as an ion-size selective masking reagent. The
larger the ionic radius is, the higher pH region the extraction moved to. Consequently, the separation

among the metal ions was enhanced markedly.

Keywords: Solvent extraction / Separation / Masking effect / Macrocyclic ionophore/ lon-size

selectivity

Application of a masking effect to the solvent extrac-
tion method is an effective means for a selective separa-
tion of metal ions. In the solvent extraction of alkali, al-
kaline earth and lanthanide metal ions with the chelating
reagents, metal ions having smaller ionic radii exhibit
higher extractability. On the other hand, the stahility in
the complex formation between the macrocyclic iono-
phores and the above mentioned metal ions exhibitsaquite
different tendency. Thus, the solvent extraction system
of high selectivity could possibly be developed by the
combination of the chelating reagents and the macrocy-
clicionophores. 18-Crown-6 and cryptand [2.2.2] have
been shown to be useful ion-size selective masking re-
agentsin the synergistic extraction of alkaline earthsinto
cyclohexane with 1-phenyl-3-methyl-4-benzoyl-5-
pyrazolone (HPMBP) and tri-n-octylphosphine oxide
(TOPO).[1-4] In the present work, a novel macrocycle
application has been proposed.

Extraction of alkaline earthsin the presence of 18-

crown-6. Theresultsfor the extraction of akaline earths
with 0.05 M HPMBP and 0.01 M TOPO into cyclohex-
ane in the absence (blank symbols) and presence (solid
symbols) of 18-crown-6 (0.03 M) are shown in Figure 1.
Alkaline earths were extracted in the order,
Mg>Ca>Sr>Ba, which is the same order that the ionic
radius decreases. When 0.03 M 18-crown-6 was added
to the agueous phase, the extractions were made in the
higher pH region. Thelarger theionic radiusis, the higher
pH region the extraction moved to. Asaresult, the sepa-
ration among alkaline earths especially for Ca/Sr and Sr/
Ba has been improved. Itisclear that 18-crown-6 works
as an ion-size selective masking reagent in the agueous
phase.

In the synergistic extraction of alkaline earths (M2*) with
HPMBP (HA) and TOPO (L), the extraction equilibrium
and the extraction constant, K ___, can be written as fol-
lows:

ex,s’

M2 +2HA +sL =MAL_ +2H" (1)
Koo = DIHT?/[HA]?[L] @
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Scope of research

Our research activities are concerned in sel ective complex formation systems. Major subjects of theresearch are
followings: (1) Design and synthesis of the selective complex formation systems. Ligands that have novel
functions in separation of metal ions and guest molecules are designed and synthesized. Their functions are
analyzed basing on structures of the ligands and complexes. (2) Biogeochemistry of trace elements in the
hydrosphere. Novel analytical methods for trace elements are developed. The behavior of trace elementsin the
hydrosphereis explored.
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where subscript 0 denotes the species in the organic phase
and D isdefined as[MA_L ] /[M*].

The distribution ratio in the presence of 18-crown-6
(CE), D*, can be expressed in eq 3.

D*=[MA,L], /{[M*] +[M(CE)*]}

= K JHATZ[L] S/ [HIH 1+BCEl} - (3)
The separation factor, SF, between two metal ions, M1
and M2, is defined as the difference of the logarithmic
value of the respective distribution ratio.

SF=log (D,,/Dy;,) =109 (K cui/Kecsma) (4)
The separation factor in the presence of crown ether, SF*

{ (defined aslog (D*,,,/D*, )}, iswrittenin eq 5 when sl
and s2 are the same and [CE] is high enough.

SF* =109 (K g g/ K eama) (B B) ®)
Comparing egs 5 and 6, the separation factor can be im-
proved asmuch asf3, /R,,. Separation factorsinthe pres-
ence and absence of crown ether are seenin ref. 2.
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Figure 1 Extraction of alkaline earths in the absence
and presence of 18-crown-6.

Extraction of alkaline earths in the presence of
cryptand [2.2.2]. Diazapolyoxabicyclic ligands
(cryptands) exhibit a prominent selectivity for akali and
alkaline earth metals. They are soluble in water and their
stability in complexation is large enough for using as a
practical masking reagent. Incorporating nitrogens as an
element constituting the ring structure, the masking ef-
fect of cryptands depends on a pH unlike crown ethers
such as 18-crown-6. Cryptand [2.2.2] should be the most
suitable masking reagent for separating Caand Sr in the
series of alkaline earths. The extraction with 0.01 M
HPMBP and 0.01 M TOPO into cyclohexane in the ab-
sence and presence of 0.01 M cryptand [2.2.2] has been
examined. The extraction behaviorsfor Mg and Cainthe
presence of cryptand [2.2.2] are quite similar to those in
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Figure 2 Quantitative extraction-separation of calcium
from strontium.

the absence of cryptand [2.2.2]. Thelog D vauesfor Sr
in the presence of cryptand [2.2.2] increase asthe pH in-
creases similarly to those in the absence of cryptand
[2.2.2], then begin to decrease over pH 5. Thelog D val-
uesfor Bain the presence of cryptand [2.2.2] deviate from
those in the absence of cryptand [2.2.2] over pH 4.5.

The results obtained indicate that the masking effect by
cryptand depends on the stability in complexation and on
the pH. The extraction behaviorsin the presence and ab-
sence of cryptand can be predicted by taking the above
equilibrium and the concentrations of the reagents into
consideration. In order to establish the quantitative ex-
traction-separation system for Ca and Sr, the extraction
was made reducing the concentrations of HPMBP and
TOPO to 4x10° M keeping the initial concentration of
cryptand at 1x102 M. Asshownin Fig. 2, thedistribution
ratio of Sr decreasesrapidly over pH 5.6 as expected, while
that of Castill increases by pH 7.5. Cacan be separated
from Sr quantitatively at the pH range 7.2 to 8.6 where
more than 99% of Ca (log D > 2) is extracted into cyclo-
hexane, while more than 99% of Sr (log D < -2) remains
in the agueous phase at the same time. A careful control
of pH at 7.8 could lead to the best separation; 99.9% ex-
traction of Ca(log D > 3) remaining 99.9% of Sr (log D <
-3) in the aqueous phase.
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Electric Resistance of Magnetic Domain Wall in NiFe Wires
with CoSm Pinning Pads

Taro Nagahama, Ko Mibu and Teruya Shinjo

A NiFe wire of 1um width with hard magnetic CoSm pinning pads and Cu electrodes was prepared by
electron-beam lithography and lift-off technique. Using the exchange interaction between the NiFe wire
and CoSm pads, magnetic structures with and without magentic domain walls were realizecd at zero
external field. The electric resistance of the wall state was smaller than that of the no-wall state. The
difference of the resistance can be explained by the anisotropic magnetoresistance effect in the domain

walls.

keywords: Submicron magnetic wire/ Exchange-spring bilayer/ Magnetic domain wall/ Hysteresis

curve/ Anisotropic magnetoresistance

Recently electric transport properties through
magnetic domain walls have been attracting much
attention. Here we report an experiment using NiFe wires
partially pinned by hard magnetic CoSm pads. The wire
is magnetically composed of two parts; one is
magnetically free areas that have a small coercive field
and the other is pinned areas that have alarge coercive
field. In awesk magnetic field, only the magnetization in
the free parts changes the direction, and therefore 2N
magnetic domain walls are nucleated at the boundary
between two different areas (Here, N is the number of
pinning pads). The resistance was compared for the no-
wall state and 2N-wall state at zero external field.

The sample was composed of aNiFewire (thickness:
200 A, width : 1 um, length : 300 um) and CoSm pinning
pads. A schematic image of the sample is shown in
Fig.1(a). Every part, i.e., a NiFe wire, CoSm pads, and
Cu electrodes, was prepared by alift-off technique. The
deposition and lift-off processes were repeated three
times to prepare the sample.

Figure 2 shows a minor hysteresis loop of the MR
curve for aNiFe wire with three CoSm pinning pads. The
starting point was the magnetically saturated state in a
negative applied field (Fig.1(b)). When a magnetic field
was applied to the opposite direction, the resistance
decreased abruptly at acertain magnetic field (H ). Then,
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properties are investigated.
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By using vaccum deposition method, artificial multilayers have been prepared by combining various metallic elements. The
recent major subject is an interplay of magnetism and electric transport phenomena such as the giant magnetoresistance
effect. Fundamental magnetic properties of metallic multilayers have been studied by various techniques including
Mossbauer spectroscopy using Fe-57, S1-119, Eu-151 and Au-197 as microprobes, and neutron diffration. Microstructured
films such as wires and dots were successfully prepared by electron-beam lithography and novel magnetic and transport
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(a) CoSm Pads

1 Vv \Y v vV 1

NiFe wire (width: 1xm)

(b) No-Domain Wall
CoSm Pads

| -— +— «+— 4+ «+— <+ —=|

NiFe wire
(¢) 2N-Domain Wall
- - -
Domain Walls /

Figure 1. The schematic image of (a) a typical sample (top
view), (b) no-wall state (magnetically saturated state)(side
view), and (c) 2N-wall state (side view).

[ —

the resistance dlightly increased, and started to decrease
again at H,. When the magnetic field was decreased from
800 Oe, the resistance first changed almost reversibly
down to H . The resistance decreased slightly until the
magnetic field went across zero, and returned to the
saturated value abruptly at H . This changein MR curve
is understood as follows: At H , antiparallel magnetic
domains were nucleated in the NiFe wire, with the
magnetic domain walls situated at the boundary between
the pinned area and the free area (Fig.1 (c)). When the
magnetic field exceeded H,, the magnetic moments of
the NiFe layer in the pinned area started to rotate
gradually like soft magnetic layers in exchange-spring
bilayers [1]. When the magnetic field was reversed, the
magnetization returned reversibly down to H,. The
magnetic domain walls remained downtoH , and at H,
they were annihilated. The reason why the resistance
decreases from H, to H_is not clear, but that can be
concerned with the magnetic structure of domain walls

2129.2

2128.8

2128.4

2128.0

Resistance (Q)

-400 0
Magnetic Field (Oe)

Figure 2. The minor loop of the magnetoresistance of a
NiFe(200A) wire with three CoSm(400A) pads at 5 K.

that changes slightly in thisfield range. If the magnetic
structure does not change, the resistance should be kept
constant.

Obviously there is a difference of resistance (AR)
between the 2N-wall state and the no-wall state; the 2N-
wall state has a smaller resistance than the no-wall state.
This result shows that the domain wall contributes to
negative magnetoresi stance. We calculated the length of
the domain wall under the assumption that AR istotally
due to anisotropic magnetoresistance (AMR) originating
from the magnetic moments that make certain angles
with the electric current direction. For simplicity, the
angle of the magnetic moment in the wall was assumed to
change linearly. Then the length of the domain wall was
estimated to be about 1 pm. This value seems too long
because usually the width of a domain wall is several
hundreds A. However, in a head-on-head wall in a
nanowire, alonger and complex domain wall structure
was observed by MFM measurement [2]. In thisway, the
observed decrease in magnetoresistance can be
explained by the AMR effect in the domain walls.
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Spin Correlationin La, Sr CuO, Studied by Neutron
Scattering M easur ement

M. Fujitaand K. Yamada

Systematic elastic neutron scattering study was performed on several single crystals of La, Sr,CuQ, in
the wide hole concentration. Incommensurate spin modulation in the CuO, plane exists in both the
insulating and superconducting phases, however, the direction of modulaton vectors are different by
45degrees from each other. Both type of spin modulation possibly coexist around the lower critical

concentration (x=0.055) for superconductivity.

Keywords. static spin correlation/ neutron scattering/ high-Tc superconductor

The intimate connection between superconductivity
and magnetism in the high-T_ copper oxide
superconductors is one of the key issues to understand
the mechanism of hith-T _superconductivity. In order to
clarify the relationship between the two, we have
performed systematic elastic neutron scattering study on
several single crystals of La, Sr,CuQ, in the wide hole
concentration range. Our recent research focusing on the
spin correlation near the insulaor-superconductor phase
boundary revealed a qualitative change in the direction
of spin modulation.

In the insulating sample (x=0.053), we observed so-
called diagonal magnetic component corresponding to the
magnetic correlations modulated along the diagonal
direction of the CuO, square lattice, consistent with our
recent work.[1] On the other hand, all the
superconductiong samples (x=0.056,0.06,0.07) show so-
called parallel magnetic component corresponding to the
modulation parallel to Cu-O-Cu line.[2-4] Asaremarkable
feature, the supercondunting sample in narrow
concentration above the insulator-superconductor
boundary exhibits the “diagonal” component in addition
to the “parallel” one. For both the “diagonal” and
“parallel” components, the incommensurability parameter
9, defined as the distance between the incommensurate

the (mt,m) positions in reciprocal lattice units of the
“tetragonal” structure, follows a linear relation d=x
regardlessly of the insulator-superconductor boundary.
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SOLID STATE CHEMISTRY — Quantum spin Fluids —

Scope of research

Quantum spin oxide system such as high-T_ superconducting cuprates, La, S CuO, and Nd, Ce CuO, are synthesized in the
form of single crystals using traveling-sol vent-fl oating-zone method. Detailed equilibrium phase diagram of Bi cuprate sys-
tems is investigated. Main subjects and techniques are: mechanism of high-T_ superconductivity: origin of quantum phase
separation in strongly correlated electron systems: spin excitations in quantum spin systems: interplay between spin and
charge flow in doped spin system: neutron scattering by using triple-axis as well as time-of flight techniques.
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Magnetic Excitationsin the Electron-Doped Super con-
ductor Nd_.Ce ,.CuO,

K.Yamada, K. Kurahashi, M. Fujitaand Y. Ikeda

Neutron scattering on electron-doped high-Tc superconductor firstly observed well-defind spin flucations
in the superconducting state. Similar to the hole-doped system, the spin excitations are gapped with the
energy-gap of about 4 meV. However, the spacial spin correlation is commensurate in contrast to the

incommensurate one in the hole-doped system.

Keywords: spin fluctuations/ neutron scattering/ electron-doping/ high-Tc superconductor

For the hole-doped high-T_ superconductor it is now
established that the spin fluctuations coexist and closely
correlate with the superconductivity. For the electron-
doped system, however, many key experiments have been
missing possibly due to the difficulty in growing single
crystal and in preparing the superconducting sample by the
post-growth heat treatment. In fact, previous neutron scat-
tering measurements so far performed observed no well-
defined magnetic signal in the superconducting (SC) phase.

We have succeeded in growing large single crystals of
Nd, ,.Ce,,.CuO, by using a TSFZ method. The as-grown
crysta is antiferromagnetic insulator. With the heat treat-
ment of the crystal bulk superconductivity appears below
T_=18 K. Neutron scattering experiments have been per-
formed for both the antiferromagnetic (AF) insulating and
the superconducting (SC) phasesin (h k 0) zone. For the
AF sample, we monitored (3/2 1/2 0) magnetic reflectionin
the tetragonal lattice to study the long range antiferromag-
netic order. At low temperature below around 10 K the
intensity of (3/2 1/2 0) reflection startsto increase rapidly
dueto the participation of Nd® spinsin the magnetic order.
AsshowninFig.1 (a), asharp commensurate magnetic in-
elastic scattering peak was observed for AF sample at (1/2
1/2 0). For the SC sample, we newly observed a commen-
surate inelastic scattering peak at (1/2 1/2 0) . Compared
with Fig.1(a) , the g-width of the peak is substantially
broader than that of the AF phase. However, the g-inte-
grated peak intensities of both samples are comparable ex-
cept at low temperatures. Even in the SC phase, we ob-
served a Bragg pesk at (3/2 1/2 0) though the intensity is
much weaker than that in the AF phase.

If the observed commensurate peak in the SC sample
originatesfrom the residua AF phase with the reduced vol-
ume and no magnetic intensity existsin the SC phase asin
the previous work, it is very unlikely to observe compa
rable magnetic intensity as in the as-grown AF phase.
Therefore, the commensurate peak is considered to be as-
sociated with the SC phase. However, the nature of the
residual AF phase should be studied in more detail. The
temperature dependence of the spin fluctuations is quite
different between AF and SC phases. For the SC phase, the
energy as well as temperature dependence indicate an
energy-gap of about 4 meV in the SC state.
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Both works were done in collaboration with Tohoku
University(Y.Endoh, K.Hirota, H.Hiraka),
MIT(R.J.Birgeneau, M.A .Kastner, S.Wakimoto),
BNL(G.Shirane), NIST(Y.S.Lee, S.H.Lee,
P.M.Gehring) and RIKEN(M.Matsuda) group.
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Single Crystal Growth at High Pressure

Masaki Azuma, Takashi Saito and Mikio Takano

Single crystals of aspin-1/2 Heisenberg alternating chain compound, high pressure phase of (VO),P,0,
, was grown by slowly cooling the melt at 3 GPa. Powder XRD study at high pressure using synchrotron
radiation was performed in advance to observe the formation and the melting of this compound.

Keywords: High pressure synthesis/ Synchrotron radiation XRD/ Single crystal growth

High pressure synthesis is a powerful technique to
search for new materials. Various quantum spin
compounds including high T_ superconductors and
guantum spin ladders [1] have been found using this
method in a past decade. However, the limitation of the
sample space and the difficulty in the direct observation
of high pressure reactions madeit difficult to grow single
crystals of such compounds.

The high pressure phase of (VO),P,0, (HP-VOPO) is
aspin-1/2 Helsenberg alternating chain compound with a
spin gap stabilized at 2GPa and 700 °C[2]. We have
succeeded in growing single crystals of this compound
by slowly cooling the melt at 3GPa[3]. High pressure
powder X-ray diffraction (XRD) was performed using a
cubic-anvil type high pressure apparatus (SMAP 1800)
installed at BT14B1 of SPring-8, Japan Synchrotron
Radiation Research Institute, to determine the melting
temperature. White beam X-ray from the synchrotron
radiation wasirradiated to the samplein aplatinum capsule
through the high pressure cell and was detected by the
solid state detector fixed at 26 = 4°. Figure 1 shows the
XRD patterns taken at 3GPaand at various temperatures.
When the pressure was applied, the peak shifted to the
high energy direction indicating a shrinkage of the lattice.
The peak broadening was due to strains in the particles.
The peaks sharpened again with increasing thetemperature

and new peaks correspondingto (22 1), (11 3) and (23
1) reflections of the HP phase appeared at 500°C. This
clearly showed that the transition to the HP phase took
place between 400 and 500°C. Finally at 1150°C the
sample melted and all the peaks disappeared expect for
those of characteristic X-rays of lead.

Single crystals were grown by slowly cooing the melt
at 3GPa. About 2 g of the ambient pressure phase sample
was packed in a platinum capsule of 9.6 mm in diameter
and 15 mm height and compressed using a cubic anvil
type high pressure apparatus. The samplewasfirst heated
to 1200°C and then cooled to 600°C in 60 h. Green
transparent crystals of atypical size of 1 mm x 0.5 mm x
0.2 mm were obtained. A magnified view of obtained
crystalsis shown in Fig. 2.
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» High T_ superconductivity.

Scope of research

Novel 3d transition-metal oxides showing exotic electrical and magnetic properties are being searched for using different
synthesizing techniques like high pressure syntesis (5 GPa and 10007, typically) and epitaxial film growth. Recent topics are:

* Low-dimensional spin systems like ladders showing dramatic quantum effects.
» Oxides of late 3d transition metals like S'FeO, with strong oxygen-hole character.
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Figure 1 Powder XRD patterns of (VO),P,0,taken at 3 GPa
and various temperatures.
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Figure 2 Single crystals of HP (VO),P,0O, grown at 3 GPa.

Epitaxial Growth of Fe**(3d*)-Perovskite Oxides Thin Films

T. Terashima, N. Hayashi and M. Takano

Epitaxial films of SrFeO, containing high valent Fe**(3d") were successfully grown by the pulsed laser
ablation and subsequent ozone annealing. The film showed good crystallinity and lower resistivity than

abulk sample.

Keywords: Fe**/ Perovskite oxides/ Thin film/ Epitaxial growth/ Laser ablation

Perovskite-type oxides containing high valent Fe**(3d*)
are prototypical systems to study electronic properties
dominated by oxygen-hole character. SrFeO, (SFO) isa
broad band metal down to the lowest temperature. Al-
though the electronic state of SFO has attracted much at-
tention, detailed transport properties have not been clari-
fied due to the difficulty of the preparation of a single
crystal. The high pressure treatment is required to oxi-
dize Fe to Fe** state. The epitaxial growth is an alterna-
tive way to prepare a metastable substance. We report a
successful growth of the epitaxial thin films of SFO by
the pulsed laser deposition and subsegquent ozone oxida-
tion.

The films were grown by the pulsed laser deposition
with KrF eximer laser (A=248nm). The deposition condi-
tions are the following: The substrate temperature was
650°C and the oxygen pressure during the deposition was
500mTorr. The substrate was LSAT
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Figure 1. Equi-intensity contour map of X-ray scattering around
the (203) point for the SFO thin film.

((LaAlO,), ,(SrAl Ta,.0,),,) (100) which hasagood lat-
tice matching with SFO. After the deposition the film
was cooled with blowing partially ozonized oxygen.

The epitaxial growth was confirmed by the reflection
high-energy electron diffraction measurement. An equi-
intensity contour map of X-ray scattering around (203)
point for the SFO film is displayed in Fig.1. The narrow
peak widths of the SFO film comparable to those of the
substrate show good crystallinity of the film. The calcu-
lated in-plane and out-of planelattice spacingsare 3.865A
and 3.837A, respectively, revealing a pseudo tetragonal
structure of the film caused by an elastic strain.

Figure 2 shows the temperature dependence of the re-
sigtivity for the SFO film. The film exhibited metallic be-
havior with much lower resistivity than bulk sample pre-
pared by high-pressure synthesis. A change in dR/dT is
seen at 100K, which would be correlated to a magnetic
ordering. Measurements of the transport properties, such
as Hall effect and magnetoresistance, of the SFO film are
Now in progress.
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Figure 2. Temperature dependence of the resistivity for the SFO
thin film and bulk.
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Structure and Formation M echanism of Ge Related
Paramagnetic Centersin Ge-Doped Silica Glass

Takashi Uchino, Masahide Takahashi, Jisun Jin and Toshinobu Y oko

We have performed ab initio quantum chemical calculations on clusters of atoms modeling adivalent Ge
defect in Ge-doped SiO, glasses. It has been found that the divalent Ge defect interacts with a nearby
GeO, tetrahedron, forming complex structural units that are responsible for the observed
photoabsorption band at ~ 5eV. We have shown that these structural units can be transformed into two
equivalent Ge E’ centers by way of the positively charged defect center.

Keywords: Silica Glass/ Paramagnetic defect centers/ Photostructural changes/ Quantum chemical calculations

Photosensitivity and photoinduced holographic Bragg
gratings were discovered in Ge-doped SiO, glasses about
20 years ago [1]. Presently photoinduced Bragg fiber-
and planar waveguide gratings in the glasses are widely
used in telecommunication technology for wavelength-
divided multiplexing, signal shaping, fiber lasers and
amplifiers, etc [2]. In contrast to these spectacular ad-
vancesin practical applications, however, the fundamen-
tal understanding of the respective photoinduced pro-
cesses in glass is very incomplete. In Ge-doped SiO,
glasses, there exists an intense photoabsorption band at 5
eV,which is believed to be related to oxygen deficiency.
Although the defect center associated with the 5-eV band
most likely plays an important role in the photorefractive
index change induced by ultraviolet (uv) irradiation, the
details of the processes and mechanisms involved have
remained obscure.

In this paper, we, therefore, investigate the formation
mechanism of Ge E” centers from the divalent Ge defect
in Ge-doped SO, glasses by using ab initio cluster model
calculations at the Hartree-Fock (HF) level. It has been
demonstrated that ab initio quantum-chemical cluster ap-
proaches are useful to investigate the structure and vibra-
tional properties of glassy systems [3]. In particular,
since the defect states in glasses are in general quite lo-
calized, their structure and energy states will be reason-
ably modeled by the cluster calculations. Appropriate
cluster models hence allow us to investigate the geom-
etries and electronic structures of the defect centersin
glasses, and the calculated results will shed new light on
the unsolved problem concerning the formation mecha-
nism of Ge E” centers associated with the photo-bleach-
ing of the 5.16-eV band and other photoinduced phenom-
enaof interest in Ge-doped SiO, glasses.

SOLID STATE CHEMISTRY — Amorphous Materials —

carried out on various functional oxide thin films.

Prof

Scope of Research
Inorganic amor phous materials with various functions are the targets of research in thislaboratory. (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 waveguidesisinvestigated to design
efficient fiber gratings and optical nonlinear materials. (4)Using sol-gel method, synthesis and microstructure control are
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In this work, we used a cluster of atoms modeling a
divalent Ge atom in silica glass (model 1, see Fig. 14).
The geometry of the ground-state singlet (S,) structure of
the cluster was fully optimized at the HF level of theory
with the polarized 6-311G(d) basis setby using analytica
gradient methods. All ab initio MO calculations were
carried out using the GAUSSIAN 94 computer program
[4] on asupercomputer CRAY T94/4128. In order to ob-
tain excitation energies for model 1, we employed time-
dependent density-functional response theory (TD-
DFRT). The TD-DFRT excitation energies were calcu-
lated for the HF/6-311G(d) geometries at the Becke's
1993 hybrid exchange functional with the Lee-Y ang-
Parr correlation energy functional (B3LYP) level with
the 6-311G(d) basis set augmented by two sets of diffuse
sand p functions on Gel. Thefirst transition energy was
calculated to be 5.29 eV, which isin reasonable agree-
ment with the observed transition at 5.16 eV.

The high-power density irradiation such as an excimer
laser results in the photo-bleaching of the 5.16-eV band.
Because of the high-power density of the laser pulses,
electronsin the valence orbital will be excited to the con-
duction band viatwo photon processes, and, accordingly,
a positively charged defect center is expected to be
formed. It is henceinteresting to reoptimize the geometry
of model 1 by assuming atotal charge of +1 for the clus-
ter. We did not impose any structural constraint in opti-
mizing the geometry of this positively charged cluster,
which will be referred to as model 2 (see Fig. 1b). The
Gel-01 (1.710 A) and Gel-02 (1.725 A) bond dis-
tancesin model 2 are considerably shorter than the corre-
sponding bond distances in model 1, and there exists no
substantial interaction between O2 and Ge2 in model 2.
It should also be noted that the Gel-O3 bond distance in
model 2 (1.903 A) is shorter than that in model 1 (3.038
A), indicating that the interaction between Gel and O3
becomes stronger as a result of the ionization process.
The atomic spin density on Gel in model 2 is~0.9, and
its atomic charge is larger than that in models 1aand 1b
by ~0.5. Thus, the center Gel atom in model 2 can be
regarded as a positively charged defect center, and the
shorter Gel-0O3 bond mentioned above can be inter-
preted in terms of the stronger Coulomb interaction be-
tween Gel and O3 as compared with that in model 1.

What happens when this positively charged cluster is
neutralized ? In order to simulate such a process, we then
optimized the geometry of model 2 by assuming atriplet
state at the restricted open HF level. The optimized ge-
ometry of thetriplet state, which we call model 3, isillus-
trated in Fig. 1c. It is quite interesting to note that the
resultant geometry of model 3 is completely different
from that of the previous clusters. We seefrom Fig. 3 that
the distance between Ge2 and O3 tends to become wide
apart, resulting in two almost equivalent GeO, units. The
atomic spin densities for Gel and Ge2 in model 3 are
calculated to be 0.897 and 0.882, respectively, indicating
that these two GeO, units are unambiguously Ge E” cen-
ters.

In conclusion, the present cal cul ations have shown that
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Figure 1. Equilibrium geometries for (a) aground state sin-
glet Ge.S, O, H., (b) adoublet (Ge,Si,O, H )+, and (c) atriplet
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the divalent Ge defect and its adjacent GeO, unit interact
with each other, forming the combined structural units
shown in Fig 1. We have further demonstrated that these
structural units can be transformed into two equivalent
GeQ, units having an unpaired electron, namely, Ge E’
centers, via positively charged defect centers. We con-
sider that the structural conversion mechanism proposed
in this study plays a vital role in the refractive index
changes of Ge-doped SiO, glasses induced by high-
power uv irradiation. More detailed results will be given
in aforthcoming paper [5].
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Nonlinear Rheology and Flow-Induced Structure in a Concen-
trated Spherical Silica Suspension

Hiroshi Watanabe, Tadashi | noue and Kunihiro Osaki

In hard-sphere suspensions of solid particles, the stress has the Brownian (thermodynamic) and hydrody-
namic components og and oy, the former reflecting the anisotropy of the particle distribution while the
latter being determined by the hydrodynamic interaction between the particles. These two components
exhibit nonlinearities under steady shear flow with different mechanisms. The nonlinearity of og results
from the particle distribution insensitive to the shear rate, while o becomes nonlinear due to flow-
induced clustering of the particles. These structural origins of the nonlinearities were confirmed from

flow-SANS experiments.

Keywords hard-sphere suspension/ Brownian stress/ hydrodynamic stress/ shear-thinning/ shear-

thickening/ small angle neutron scattering

Hard-sphere suspensions of solid particles having no
long-ranged potentials provide arich field in current
rheological research. At equilibrium, the particleshave a
liquid-like, isotropic spatial distribution. On application
of strain/flow, this distribution is distorted and the par-
ticles exhibit stresses having Brownian and hydrody-
namic components og and oH [1]. Under small strain/
slow shear flow, the particle distribution is only slightly
distorted to exhibit the linear viscoelasticity, i.e., in-
creases of og and o in proportion to the strain (y) and/
or shear rate (y). Large straing/fast flow considerably dis-
tort the particle distribution thereby inducing
nonlinearities of og and op.

Recently, we investigated nonlinear rheological be-

havior of a concentrated hard-sphere suspension of
monodisperse silica particlesin an ethylene glycol/glyc-
erol mixture (2.27/1 wt/wt) [2]. The particle radius was
40 nm, and the particle concentration was 50 wt%. For
large step strains y, the nonlinear relaxation modulus
G(t,y) of this suspension exhibited strong damping and
obeyed the time-strain separability at long times. This
damping, seen under absence of flow and not attributable
to changes in the hydrodynamic oy, was related to the
nonlinearity of the Brownian og. Under flow, the same
suspension showed thinning and thickening of the vis-
cosity n(y) at low and high y.

Structural origins of these thinning and thickening
were examined through a rheological approach that uti-

FUNDAMENTAL MATERIAL PROPERTIES — Molecular Rheology —

dielectric spectroscopy.
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Scope of research

The molecular origin of various rheological properties of materialsis studied. Depending on time and temperature, homogeneous
polymeric materials exhibit typical features of glass, rubber, and viscous fluids while heterogeneous polymeric systems exhibit
plagticity in addition to these features. For a basic understanding of the features, the molecular motion and structures of various
scales are studied for polymeric systemsin 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
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Figure 1. Scattering profile of the silica suspension at 25 °C
detected along the velocity direction in the velocity-vorticity
plane.

lized a BKZ-type constitutive equation incorporating the
G(t,y) data[2]. This eguation successfully described the
r](y) datain the thinning regime. Thus the thinning of
r](y) and damping of G(t,y) were commonly attributed to
the nonlinearity of og dueto y- and y-insensitive particle
distribution under moderately large strain/flow [2].

In contrast, the BKZ equation failed in describing the
r](y) datain thethickening regime[2]. From thisresult,
the thickening was related to the nonlinearity of oy not
incorporated in the equation. This nonlinearity was at-
tributed to dynamic clustering of the particles under the
flow faster than the Brownian motion of the particles.

Neutron scattering experiments were carried out for
the suspension under flow to test the above structural ar-
guments for the thinning/thickening behavior [3]. The
experiments were conducted with the 30 m SANS ma-
chine on the NG3 beam line at the National Institute of
Standards and Technology (NIST) at Gaithersburg,
Maryland, USA, with a generous help by Prof. N.
Balsara at Polytechnic University and Dr. B. Hammouda
at NIST. Figure 1 shows the scattering profile at 25°C
detected along the velocity axis in the velocity-vorticity
plane (radial view). The corresponding r](y) data are
shown in Figure 2.

As seen in Figure 1, the suspension in the quiescent
State (y =0 s‘l) exhibits a peak at the scattering vector g
00.06 nm™L. This peak corresponds to the liquid-like,
nearest neighbor order of the particlesin thisstate. (This
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Figure2. Steady state viscosity of the silica suspension at
25°C. (The data were obtained in the Couette geometry.)

scattering profile was isotropic). In the shear-thinning
regime (y < 100 s'L: Figure 2), the scattering profile is
distorted from this quiescent profile only alittle. Small,
corresponding changes were observed in the vorticity as
well as shear gradient directions. Thus the particle distri-
bution is rather insensitive to the flow in this regime,
lending support to the thinning mechanism explained
earlier.

In contrast, in the thickening regime (y > 100 s'L;
Figure 2), the scattering profile in the velocity direction
is largely distorted. Specifically, the peak shifts to a
lower g side and increases its intensity, indicating that
large clusters of the particles are formed under the flow
in this regime. Changes in the profiles detected in the
other directions suggested that the clusters of anisotropic
shape were formed. (A detailed analysis of this cluster
structure was described in [4].) The quiescent profile
was recovered in al directions on cessation of the flow,
demonstrating the dynamic (non-permanent) nature of
the clusters. All these results are in harmony with the
thickening mechanism deduced from our rheological ap-
proach [2].
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Conformational Change and Orientation Fluctuations Prior to
Crystallization of Crystalline Polystyrenes

Go Matsuba, KeisukeKaji, Koji Nishida, Toshiji Kanaya and Masayuki Imai

Aiming to clarify the cause of a spinodal decomposition (SD) type microphase separation occuring during the
induction period of polymer crystallization, we have made quantitative investigations about the conformational
changes using FT-IR spectroscopy as well as the orientation fluctuations of the polymer rigid segments using
depolarized light scattering (DPLS) . It is confirmed for syndiotactic and isotactic polystyrenes (sPS and iPS)
that during the induction period, the polymer chains first transform partially from the amorpous to the crystal-
line conformation, involving in the increase of length of the rigid segments, which makes the system unstable
to induce the orientation fluctuations of the SD type. Thus, the intensity of orientation fluctuations evloved

exponentially with annealing time.

Keywords:
Conformational Change / Orientation Fluctuations

In the previous papers [1,2], we have reviewed the
crystallization processes of poly(ethylene terephthal ate)
(PET) when it was crystallized directly from the melt,
called 'melt crystallization' as well as from the glass,
called 'glass crystallization'. It was discovered that a
new peak in small-angle X-ray scattering (SAXS) ap-
pears from the very early stage of the induction period
before nucleation. The detailed analysis of this new
peak revealed a surprising result that a spinodal decom-
position (SD) type microphase separation occurs during
the induction period of crystallization. Such SD can be
understood based on the kinetic theory for the isotropic-
to-nematic transition of polymer liquid crystals by Doi et
al.[3]; itiscaused by parallel ordering of polymer rigid
segments. This prediction was actually confirmed by
depolarized light scattering (DPLS) . However, the ori-
gin of such orientation fluctuations is unclear. We sup-
pose that the polymer stiff segments correspondsto crys-
talline segments and their extension causes the increase
of their excluded volumes to make the system unstable

Polymer Crystallization / Polystyrenes/ Induction Period / Spinodal Decomposition /

and trigger the SD. In this study we therefore verify this
hypothesis. For this purpose, the time-resolved Fourier
transform infrared (FT-IR) spectroscopy and DPL S mea-
surements during the induction period have been per-
formed on syndiotactic polystyrene (sPS) and isotactic
polystyrene (iPS) when they are crystallized by jumping
the temperature to 120 °C for sPS, and to 135 °C for iPS
from the glass[4,5].

Experimental

The samples used for this study were iPS and sPSwith
number-average molecular weights M = 4.0 x 10° and
2.9 x 105, respectively. The polydispersity, M, / M_, for
the both samplesis 2.0. The glass transition tempera-
tures were determined by DSC measurements to be 100
°C for both iPS and sPS. Amorphous thin films of iPS
and sPS were obtained by quenching their meltsinto ice-
water after hot-pressed i.e. at 290 °C and 330 °C, respec-
tively, for 5 min. '

The time-resolved FT-IR measurements were per-
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lyte solutions; the structure of polymer liquid crystals.
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formed on the melt-quenched sample under an isother-
mal condition in a home-made temperature-control cell.
The IR absorption spectrawere recorded at 3.0 min inter-
vals. The time-resolved DPL S measurements were also
carried out under the same condition of the FT-IR mea-
surements. The samples were irradiated by a plane-po-
larized He-Ne laser beam (A = 632.8 nm) on a hot-stage
and the scattered light intensity under depolarized condi-
tions was recorded by a photodiode array system at 0.5
min intervals.

Resultsand Discussion

FT-IR Itisabsolutely necessary that the concerned
IR bands of the sample polymers should be well charac-
terized. Fortunately, crystalline polystyrenes, both iso-
tactic and syndiotactic, have been done in terms of se-
guences of trans and gauche by Kobayashi et al. [6]
Here, we aimed at bands of sPS and iPS related to crys-
talline conformations and measured the time dependence
of their absorbance. In case of sPS, theincreasein absor-
bance of successive trans conformations (TT) was ob-
served immediately after the jump to a crystallization
temperature from the glass, indicating that sPS chains
begin to assume the crystalline extended conformations
and that the stiff segments of sPS may be lengthened
even in the very early stage of the induction period of
crystallization. On the other hand, the crystalline confor-
mation of iPSisa3/1 helix consisting of aternate trans
and gauche (TG) conformations. In this case the time-
resolved FT-IR measurements showed increase in absor-
bance of TG conformation bands after a similar tempera-
turejump. Furthermore, as seen from Figure 1, the bands
concerned with the length of 3/1 helix aso increase dur-
ing the induction period of 70 min, which is indicated
with a solid line in the figure. This supports that iPS
chains start to assume the crystalline conformation of 3/1
helix before crystallization. From these results, we cal-
culated critical lengths that trigger parallel ordering of
polymer stiff segments using the Doi’ stheory. In case of
the amorphous state, the persistence length is 1.88 nm for
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Figure 1. Time dependence of the absorbance of 3/1 helix
bands of iPS annealed at 135 °C. Induction period 70 min.

sPSor 1.32 nmfor iPS[7]. Incase of sPS, we calculated
the critical length to be 2.51 nm, correspondingto 10 TT
monomers. The parallel ordering begins when the stiff
segments expand only by 0.7 nm, i.e. 2.5 monomers. The
critical length is calculated to be 2.24 nm for iPS, corre-
sponding to 3/1 helix consisting of 11 monomers. Figure
1 shows that the absorbance of 3/1 helix not longer than
10 monomers increases with time during the induction
period while the band of helix not shorter than 16 mono-
mers hardly grows. This meansthat the critical value of
the stiff segments is between 10 and 16 monomers be-
cause at the critical value afurther extension may be sup-
pressed due to the unstable state of the system, agreeing
with the prediction of 11 monomers.

DPLS Thetotal intensity of DPLS increased with
annealing time during the induction period and the scat-
tering profiles were almost independent of scattering
vector, g, for both the polystyrenes. These factsindicate
that the sizes of the oriented domains or their aggregates
are much smaller than the laser wavelength or the sizes
corresponding to the measured g-range between 2.0 and
5.0 um™. In the crystal growing period, however, the
scattering profile becomes g-dependent; the intensity in-
creases with decreasing g, which means that the sizes of
the oriented domains or their aggregates become compa-
rable with those of the examined g-range by crystal
growth probably because of formation of spherulites of
iPS and sPS.

We calculated the integrated intensity for the orienta-
tion fluctuations, 1, ,,, of iPS and sSPS within the present g-
range. Inthefirst stage until 3 min, the growth rate of the
integrated intensity was very slow, while the crystalline
conformation (3/1 helix) suddenly grows at the very ini-
tial stage asseen fromin Figure 1. For sPSthefirst stage
of the induction period is much shorter than that for iPS
at any annealing temperatures. This suggests that con-
formational change, that is, extension of polymer seg-
ments emergesfirst of al. In conclusion we have proved
the hypothesis that the microphase separation istriggered
by extension of polymer segments. After the first stage,
we can observe the exponential growth of the integrated
intensity of DPLS for each polystyrene, which is one of
characteristic features of SD. Hence it has as well been
confirmed in the case of crystallization of PS' sasin PET
that the SD-like phase separation actually emerges dur-
ing the induction period.
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Cellulose Assemblies Produced by Acetobacter Xylinum

Asako Hirai and Fumitaka Horii

Structures of cellulose assemblies produced by Acetobacter xylinum under various conditions have been studied
mainly by transmission electron microscopy. Native cellulose crystals are composites of cellulose | and | T
Twisted-ribbn cellulose assemblies produced in the HS medium at 28°C were rich in cellulose | .. On the

contrary, splayed microfibrils produced in the presence of CMC at 28°C wererichin | - Not only the ribbon
assembly but also the bundle of splayed microfibrils was determined to twist in the right-handed manner. When
the bacteria were incubated at 4 °C, two kinds of band-like assemblies, “dense” and “coarse’, were extruded
perpendicularly to the long axis of bacterial cells. The number of cellulose chains produced by one bacterium
was different between “dense” and “coarse” assemblies. The “dense” assembly gave the electron diffraction
pattern of cellulosell. In certain cases the transition region from dense to coarse portions was observed in one
assembly. Initially a“dense” portion was produced and thereafter a“coarse” portion was produced. The num-
ber of cellulose synthesis sites seems to decrease, because a bacterium becomes |l ess active after acertain period

of timeat 4 °C.

Keywords: Bacterial cellulose/ Ribbon assembly/ Band-like assembly/ Cellulose | , and lB/ Cellulose Il / CPIMAS °C NMR

It isknown that native cellulose crystals are composites
of two allomorphs, cellulosel  and | ,. Theratio of cellu-
lose | to Iy greatly differs from species to species[1].
Why do two alomorphs exist and why doestheratio vary,
in nature? To answer these questions, we have studied
the crystallization process for a cellulose-producing bac-
terium, Acetobacter xylinum, as amodel system, because
the biosynthesis of cellulose with the bacterium has been
relatively well studiedand theratio is changed depending
on the culture conditions, e.g. additives and temperature 2-
4]. Recently we have found that two kinds of band-like
cellulose assemblies, “ dense” and “coarse”, are produced
when incubated at 4 °C [5,6]. The “dense” assembly gives
the electron diffraction pattern of cellulosell.

This paper reports structures of cellulose assemblies pro-
duced by Acetobacter xylinum under various conditions,
asrevealed by transmission electron microscopy (TEM).

Cell suspensions prepared from smooth colonies iso-
lated from Acetobacter xylinumATCC 23769 were stored
at 4 °C in the Hestrin-Schramm (HS) medium or in the
phosphate buffer (pH7) until use. A drop of cell suspen-
sion at 4°C was put on a formvar/carbon-coated Cu grid
for TEM (TEM grid). After incubation for a desired pe-
riod of time at 28 °C or 4 °C, the specimen on the TEM
grid was washed with water and was negatively stained
with 1% aqueous uranyl acetate containing bacitracin of
0.5 mg/ml. Some specimens on the grids were not stained
but shadowed with Pt-Pd. All observations and electron
diffraction (ED) experimentswere carried out with aJEOL
JEM-200CS transmission electron microscope operated
at 200 kV. For ED, specimens were mounted on carbon-
coated Cu grids. In order to suppress electron irradiation
damage, appropriate specimen areas were searched with
the help of aTV system, Gatan Model 622SC+ 663, and
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selected-area ED patterns were recorded onto photo-films.
CP/MAS “C NMR spectra were measured on a JEOL
GSX-200 spectrometer operating under 4.7 T. [

Figure laisatypical TEM photograph of a negatively
stained ribbon assembly produced from a bacteria cell
when grown inthe HS medium at 28 °C. Figure 1b shows
amodel of ribbon assembly. The ribbon assembly is 40-
60 nm wide and has a twist with a periodicity of 0.6-1.0
pm. The twist sense was determined to be right-handed,
judging from ribbon assemblies shadowed with Pt-Pd [ 7].
Ribbon assemblies were found by CP/MAS *C NMR to
contain both 1 and |, crystals, with | being dominant
(64%) [1]. On the contrary, splayed microfibrils were
richin I, (80%) when produced in the presence of 1%
CMC with DP=80 and DS=0.57 at 28 °C [3]. Compared
to the twisted ribbon assembly, the splayed microfibrils
formed arather loose bundle and the bundle itself exhib-
ited aright-handed twist sense. From these results we
assumethat the twisted ribbon assembly is produced while
the bacterium travels translationally along its longitudi-
nal axis with rotating around its axis.

When the bacteria are incubated at 4 °C, two kinds of
band-like cellulose assemblies, “dense” and “ coarse”, are
produced [5,6]. Figure 2 showsa“dense’ assembly which
isextruded directly from a bacterium during 20 min incu-
bation at 4 °C. For comparison, a“coarse” assembly pro-
duced during 3 h incubation is shown in Figure 3. Both
of the band-like assemblies are extruded perpendicularly
to the long axis of the cell and appear to be wavy and
coiled. It seemsthat at 4 °C the translational and rota-
tional movements of the cells are suppressed. The num-
ber of cellulose chains produced by one bacterium is dif-
ferent between “dense” and “coarse” assemblies. The
“dense” assembly gave the ED pattern of cellulosell. In
contrast, the “ coarse” one gave diffuse scattering. Even
though a folded-chain “antiparallel” structure has been
proposed for the band-like assembly [8], how to arrange
“parallel” cellulose chains, when produced from a bacte-
rium, into cellulose Il with so-called “ antiparallel” pack-
ing isaproblem to be solved. In certain cases, the transi-
tion region from “dense” to “coarse” portions was ob-
served in one assembly. Initially a“dense” portion was
produced and thereafter a* coarse” portion was produced.
It is assumed that the number of cellulose synthesis sites
decreases, because a bacterium becomes |ess active after
acertain period of time at 4 °C.

When acell producing a“dense’ band-like assembly at
4 °C was transferred into an incubator thermostated at 28
°C, aribbon assembly (cellulose 1) was produced after
formation of the “dense” band-like assembly (cellulose
I1). When acell producing a ribbon assembly at 28°C
was transferred into an incubator thermostated at 4°C, a
“coarse” band-like assembly began to form and the rib-
bon was pushed away from the cell. These results sug-
gest that the movements of the bacterial cell are respon-
siblefor the crystallization of cellulose| or cellulosell in
the bacterial system.

a
SIS
1 pm

b

Acetobacter xylinum
ribbon assembly

sub-elementary fibril “Mmicrofibril culture medium

Figure 1. (a) Ribbon assembly (negatively stained). (b) A model
of ribbon assembly in A. xylinum.

Figure 2. “Dense” band-like assembly (negatively stained).

+ - %

1 |
Figure 3. “Coarse” band-like assembly (negatively stained).
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Surface I nteraction Forces of Well-Defined, High-Density
Polymer Brushes Studied by Atomic For ce Microscopy

Y oshinobu Tsujii, Shinpel Yamamoto, Muhammad Ejaz,
Takeshi Fukuda and Takeaki Miyamoto

Direct force measurements were made by atomic force microscopy (AFM) at surfaces of polymer
brushes comprising low-polydispersity poly(methyl methacrylate) chains densely end-grafted on asili-
con substrate by living radical polymerization. These brushes are characterized by an exceptionally
high graft density. The AFM force measurements revealed that the repulsive force rapidly increased
with decreasing separation in toluene. The equilibrium thickness of the brushes was found to be propor-
tional to the chain contour length. This indicates formation of a homogeneous polymer layer with
highly stretched graft chains. Unlike the previously reported results for lower density polymer brushes,
longer brushes were more resistant to compression. It is believed that these are thefirst observations of

“polymer brushes’ in the true sense of the words.

Keywords: Atomic force microscopy / Living radical polymerization / Polymer brush / Steric
repulsion

Polymers densely end-grafted on a solid surface will
be obliged to stretch away from the surface, forming a
so-called “polymer brush”. Because of their important
role in many areas of science and technology, e.g., col-
loid stabilization, adhesion, lubrication, tribology and
rheology, polymer brushes in a solvent have been exten-
sively studied theoretically and experimentally. Most of
the polymer brushes experimentally studied so far were
prepared by end-functionalized polymers or block co-
polymers with terminal group or one block selectively
adsorbed on the surface. Such systems, however, had a
rather low graft density due to the steric hindrance of pre-
adsorbed chains. Theoretical analyses of polymer
brushes with higher graft densities predict that the repul-
sive force steeply increases with increasing graft density.
By the adsorption method, however, it is difficult to ob-

tain such high graft densities. An alternative method is
the graft polymerization starting with initiating sites
fixed on a surface, but it usually resultsin a poor control
of chain length and its distribution.

Wefirstly succeeded in applying aliving radical poly-
merization technique to the graft polymerization and
densely grafting low-polydispersity poly(methyl meth-
acrylate) (PMMA)[1]. In this work, we have made an
AFM study on the structure and interaction forces of
such dense PMMA brushesin toluene[2]. The graft den-
sity o was estimated to be as high as 0.4 chains/nn?,
which is one of the highest ever reported values, being an
order of magnitude larger than those of the polymer
brushes prepared by the adsorption method. The charac-
teristics of the brushes are givenin Table 1.

Theinteraction forces F were measured in toluene asa
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Table 1. Characteristicsof PMMA Brushes

code d? (nm) M P M /M P
C1 12 23000 1.36
c2 20 35900 1.36
C3 44 70500 134
C4 87 121700 1.39
C5 102 171400 1.56

a) Thicknessin dry state measured by ellipsometry.
b) Values for free polymers produced in the polymerization
system.

function of separation D using AFM while the brushes
were compressed by a silica sphere probe attached on an
AFM cantilever. The measured force F can be reduced to
the free energy G, of interactions between two parallel
plates according to the Derjaguin approximation, F/R =
2nG,, where Risthe radius of the probe sphere. Figure 1
showsthe F/RvsD curves. We note that the true distance
D between the substrate surface and the silica probe,
which usually is difficult to define in AFM experiments,
was successfully determined by AFM-imaging across
the boundary of a scratched and an unscratched region of
the sample surface. The most notable feature of the F/R
vsD curvesisarapid increase of the repulsive force with
decreasing D. The observed repulsive forces originate
from the steric interaction between the solvent-swollen
brush and the probe sphere.

The equilibrium thickness L of the solvent-swollen
brushes was determined as the critical distance from the
substrate surface beyond which no repulsive force was
detectable (cf. Figure 1). The scaling and self-consistent
mean field approaches predict that L, varies like

L, OLo" (6h)
where L is the contour length of the graft chain. This
relationship was confirmed by other theoretical calcula-
tions as well as by some experimental data. In Figure 2,
L, isplotted against L on logarithmic scale, where L is
the number-average value calculated from the M value.
The figure gives alinear line with a slope of 0.95, con-
firming eqg.1. It should be noted that theratio of L to L _in
our system gives anearly constant value, L /L = 0.8, in-
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Figure 1. F/Rvs D curves. The arrowheads indicate L.

dependent of L . This indicates that in our system, the
graft chains are highly stretched in toluene as compared
with those prepared by the adsorption of block copoly-
mers, in which the graft densities are much lower, e.g.,
L/L.=03.

Using the scaling approach, de Gennes derived the
eguation concerning the interaction force between two
parallel plates with a“moderately dense” polymer brush
layer, in which graft chains overlap each other but the
volume fraction of polymer in the layer is till low. This
predicts that the F/R value should be scaled by D/L_ for
the polymer brushes with the same graft density. There-
sultsfor the block copolymer brushes were reported to be
nearly consistent to this scaling theory. Our system, how-
ever, was poorly represented by this scaling theory. This
indicates that the graft density in our system is so high
that the scaling theory is no more applicable. In the case
of the shortest graft chain, the brush layer was compress-
ible nearly to the dry thickness (D/L, = 0.3). With in-
creasing chain length, the scaled force curve becomes
steeper, meaning that the brush layer becomes more and
more difficult to be compressed. The system with the
longest graft chain was compressible only to D/L_ = 0.8,
which is about three times larger than the dry thickness.
This strong resistance against compression must be char-
acteristic of polymer brushes with an extremely high
graft density.

In conclusion, we succeeded in preparing low-poly-
dispersity PMMA brushes with an exceptionally high
graft density. AFM force measurements revealed that
these polymer brushes have properties quite different and
unpredictable from the “moderately dense” polymer
brushes previously studied. Most notably, the chainsin
these high-density brushes were highly extended, nearly
to their full lengths, and highly resistant against compres-
sion. It is believed that these were virtually the first ob-
servations of the “real” polymer brush behavior.
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-Conjugated Radical Cations Stabilized by Surrounding
Bicyclic o-Frameworks

Koichi Komatsu, Tohru Nishinaga, Akira M atsuura and Atsushi Wakamiya

Benzene 1, naphthalene 2, biphenylene 3, and anthracene 4, fully annelated with bicyclo[2.2.2]octene
were transformed into the corresponding radical cations, and their structures were clarified by X-ray
crystallography. The remarkable stability of these salts are ascribed to the electronic and steric effects of
the bicyclic frameworks. 1,4-Dithiin 5 annelated with the same bicyclic units was also oxidized into the
stable salt of the radical cation, and the structure examined by X-ray crystallography. The ESR study
indicated that the spin is effectively delocalized into the bicyclic frameworks. Dithiin 5 was further
oxidized into the dication, which was shown to be 61t aromatic by the NMR and theoretical studies.

Keywords: cyclic voltammetry / X-ray crystallography / ESR / molecular orbital calculations

Organic radical cations have been of fundamental in-
terest to organic aswell as physical chemistsin avariety
of contexts. Their stabilization have in general been
achieved by the extension of the T-conjugated system. In
our group, however, it has been clarified that the remark-
able stabilization of such a positively charged 1-conju-
gated system can be attained by structural modification
with o-frameworks. Typical examples are demonstrated
by the following studies.

1. Radical Cations of Benzenoid Aromatics.

A series of benzenoid aromatics, benzene 1 [1], naph-
thalene 2 [2], biphenylene 3 [3], and anthracene 4 [4],
fully annelated with bicyclo[2.2.2] octene (abbreveated as
BCO) exhibited reversible oxidation waves at remarkably

0 .0 B A B4
1 2 3 4

low potentials (+1.08, +0.33, +0.25, and +0.17 V in tetra-
chloroethanevsFc/ Fct, respectively). Accordingly these
hydrocarbons were readily converted to the correspond-
ing radical cation salts, Ar*SbCl g™, quantitatively by one-
electron oxidation with 1.5 equivalents of SbCls,.

The salts were isolated as ruby red (1-*), dark green
(21, blue violet (3-1), and dark green (4-*) crystals,
which were stable in air at room temperature. Thisisthe
first examples of the isolation of the radical cation salts
of alkyl-substituted benzene, naphthalene, and
biphenylene as stable crystals. This stability is ascribed
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Figure The X-ray crystal structures of 1*SbCls~ — 4*SbClg~ with the averaged bond lengths. The values in
the parentheses are the bond lengths of the neutral molecules.

to both the electronic effects, such as inductive and o-1t
conjugative effects, and the steric effects, such as steric
and“Bredt’srule” protection, of therigid bicyclic o-frame-
works surrounding the Tesystem.

The X-ray crystallography was conducted for these
radical cation salts to give the results shown in Figure.
Here the change in bond Iengths upon one-electron oxi-
dation of 24 isrelated to the coefficients of the relevant
carbons' HOMO of the neutral molecule: the bonds with
the bonding nature in HOM O were elongated and those
with antibonding in HOMO were shortened. The ben-
zene radical cation appears to be subjected to the static
Jahn-Tellar distortion, although the effect of crystal pack-
ing force can not be completely ruled out.

2. Radical Cation and Dication of 1,4-Dithiin [5, 6].

The 1,4-dithiin is a T-conjngated system isoelectronic
to cyclooctatetraene, and its derivative annelated with
BCO (5) ishighly susceptibleto the consecutive one-elec-
tron oxidation as shown by the oxidation potential in
dicif_ﬂoromethane: Eq (1) +0.0V, Eq» (2) 0.82V vsFc/
Fc".

The oxidation with SbClg afforded the radical cation
salt 5+SbClg™ as brown- colored crystals, which were
characterlzed by X-ray crystallography.

The ESR spectrum of 5 exhibited a 9-line signal due
to the coupling with 8 anti-methylene protons (a 0.080
mT) and also aweak coupling with =S (natural abundance
0.75%) (a5 9.86 mT). The a, value was even smaller than
the value reported for the thianthrene radical cation (6).
Thisis supported by the spin density calculated (B3LY P/
6-31G*) for these two sulfur atoms (spin density 0.2869
for 5%, 0.2874 for 6:*), and indicates that the bicyclic o-
framework is even more effective for spin delocalization
than the annelated benzene Tesystem [5].

The treatment of dithiin 5 with an excess amount of a
stronger oxidant, SbFg, in CD,Cl, caused the formation
of dication 52 as examined by *H and *C NMR spec-
troscopy. Thedownfield shift (Ad 2.02 ppm) of the bridge-
head proton of the BCO unit clearly demonstratesthe pres-
ence of 6reelectron aromaticity in dication 52 Thiswas
further supported by the value of nucleus mdependent
chemical shift (NICS) of -8.8 calculated for 52 * (GIAO/
HF / 6-31+G* // B3LYP/ 6-31G*) [6].

%@%

61H 2.46 ppm

—

52* &4 4.48 ppm
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Reaction of Hypercoordinate Dichlorosilanes Bearing 8-
(Dimethylamino)-1-naphthyl Group(s) with Magnesium:
Formation of the 1,2-Disilaacenaphthene Skeleton

Kohei Tamao, Masahiro Asahara, Tomoyuki Saeki and Akio Toshimitsu

The reaction of a hypercoordinate dichlorosilane bearing an 8-(dimethylamino)-1-naphthyl group(s)
with magnesium affords a dimeric product that contains a 1,2-disilaacenaphthene skeleton arising from
silicon—silicon and silicon—naphthyl carbon bond formation and amino group migration from the naphthyl

carbon atom to the coordinated silicon atom.

keywords: 1,2-disilaacenaphthene / hypervalent compounds/ magnesium / silicon / rearrangements

We have clarified that a pentacoordinate mono-
chlorosilane 1 contai ning the 8-dimethylamino-1-naphthyl
group undergoes reductive coupling with magnesium to
afford 2, which provides a new procedure for the direct
interconnection of pentacoordinate silicon atoms (Scheme
1).[1] We anticipated that a similar magnesium reduction
of a pentacoordinate dichlorosilane containing the same
aminonaphthyl group would give polysilanesin which all
the silicon atoms are pentacoordinate [eg. (1)]. However,
contrary to our expectation, the reaction actualy afforded

Scheme 1.

al Mg Me,N O
I \Me (1 g-atom MePh,Si-_}
Q Siy amt.) Me/Sl
A ~siMePh, ‘ »
_Me
O NMe, THF Q si.
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»
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) MezN

Polymer

no polysilanes but only a dimeric product that contained
a 1,2-disilaacenaphthene skeleton arising from Si—Si
and Si—C bond formation and amino group migration
from the naphthyl carbon atom to silicon atom (Scheme
2).[2]

The pentacoordinate dichlorosilane 3 bearing an 8-
(dimethylamino)-1-naphthyl group was treated with 2 g-
atom amounts of magnesium. After quenching with
isopropyl acohol, the dimerized product 1-isopropoxy-
1,2-disilaacenaphthene (4) bearing only one 8-(dimethyl-
amino)-1-naphthyl group, was obtained as a mixture of
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sterecisomers (cisitrans= 2:1). The structure of this quite
unexpected product was confirmed by X-ray
crystallography on cis-4 (Figure 1) and by 1H, 13C, and
295i-NMR spectra of cis- and trans-4. It is noteworthy
that the coordination number of one of the two silicon
atomsislowered from five to four.

Scheme 2.
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Hexacoordinate dichlorosilane 5 bearing two 8-
(dimethylamino)-1-naphthy! groups also reacted with
magnesium to afford, after treatment with isopropyl
alcohol, 1-isopropoxy-1,2-disilaacenaphthene (6), which
bears three 8-(dimethylamino)-1-naphthyl groups as the
major product (Scheme 2). The structure of this crowded
molecule was also determined by X-ray crystallography
(Figure 2). One silicon atom is again pentacoordinate
while the other is hexacoordinate. Compound 6 is the
first disilane composed of hexacoordinate and
pentacoordinate silicon centers.

Interestingly, in these reactions, one silicon atom became
bonded to the naphthyl carbon atom that bore the amino
group. The amino group migrated to the coordinated

Figure 1. X-ray structure of cis-4 drawn in stereoview at 30%
probability level. All hydrogen atoms were omitted for clarity.
Selected distances (A) and angles (deg): Si1—Si2, 2.3469(8);
Si2:-*N1, 2.828(2); N1---Si2—C8, 177.16(8); Si1—Si2—C8,
89.43(8); Si1—Si2—C15, 113.56(7); Sil—Si2—C27,
119.14(9); Si2—Si1—O01, 122.01(7); Si2—Si1—C1, 93.75(7);
Si2—Si1—C11, 114.07(9).

Figure 2. X-ray structure of 6 drawn in stereoview at 30%
probability level. All hydrogen atoms were omitted for clarity.
Selected distances (A) and angles (deg): Si1—Si2, 2.3641(6);
Sil---N1, 3.078(2); Si2:-*N2, 3.147(2); Si2::*N3, 2.970(2);

01—Si1--N1, 168.06(6); Si2—Si1—O1, 107.17(5); Si2—
Si1—C1, 94.35(6); Si2—Si1—C11, 127.54(6); Sil—Si2:~'N2,
171.97(4); N3+ Si2—C8, 175.84(7); Sil—Si2—C8, 89.14(6);
Si1—Si2—C26, 122.15(6); Sil—Si2—C38, 104.17(6).

silicon atom to afford an aminosilane with a lower
coordination number and was finally substituted by the
isopropoxy group during workup with isopropyl alcohal.

Two types of reactions of hypercoordinate dihalo-
silanes with alkali or alkali earth metals have been
reported. One isthe conventional silicon—silicon bond
formation observed by Beltzner et a. in the reaction of a
hypercoordinate dichlorosilane bearing 2-[(dimethy!I-
amino)methy!]phenyl group(s) with magnesium to afford
the corresponding cyclic trisilane.[3] The other is
cyclization by silicon—benzyl carbon bond formation and
migration of the amino group from the benzyl carbon atom
to the silicon atom without silicon—silicon bond
formation. Thus, Corriu, Auner et a. reported the reaction
of a pentacoordinate difluorosilane bearing the 8-
[ (dimethylamino)methyl]-1-naphthyl group with lithium
or lithium naphthalenide to afford a 1-silaacenaphthene
derivative.[4] In our case, both silicon—silicon bond
formation and amino-group migration proceeded
concomitantly and selectively in the reaction of 3 and 5
with magnesium to afford the 1-amino-1,2-disila-
acenaphthene derivatives. These results indicate that the
course of reaction depends on the structure of the
aminoary! groups and suggest the possibility of developing
new types of reactions by the introduction of new
intramolecular coordinating groups.
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Visualization of Molecular Length of a,w-Diamines and
Temperature by a Receptor Based on Phenolphthalein and

Crown Ether

Kaoru Fuji, Kazunori Tsubaki, Kiyoshi Tanaka, Noriyuki Hayashi, Tadamune Otsubo and
Takayoshi Kinoshita

The hybrid molecule 1 consisting of phenolphthalein and crown ether moieties can discriminate the
chain length of the a,w-diamines by color change, while 2 can not. Thus, it is suggested that two
crown ether part are necessary to visualize the chain length by the color. The pink color faded at 50
°C and reappeared at 20 °C, which could repeated more than 10 times.

Key words: Chromgenic receptor/ Molecular recognition/ Phenol phthalein

Supramolecular chemistry based on molecular
recognition has become attractive not only for organic
chemists but aso for researchersin other academic fields,
and remarkable progress has recently been made in this
area. If the weak signals derived from such molecular
interaction could be transformed into visual information,
more information could be directly available. Here, we
report the visual determination of the chain length of linear
diamines using a functional molecule 1 consisting of
phenolphthalein (3) and two loops of crown ether.
Visualization of the “length” of a guest molecule as well
as “temperature” is possibleusing 1 [1].

Interactions of host compounds (1 and 2) and
phenol phthalein (3) with aterminal diamine 4 (n = 8) and
nonylamine (5) were examined by taking UV-visible

spectrain MeOH at 25 °C (Fig. 1). Whilediamine4 (n=
8) developed no color change with 3, adlight color change
was observed with 2. In contrast, dramatic color change

5 5
[O OH Oj [O OH Oj
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o, f— o ,
OH
O HoN—{ CHZ)HNH2
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O O OH
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Figure 1. UV-visible spectraof 1, 2 and 3 with the diamine 4
(n = 8) (solid lines) and with nonylamine (5) (dotted lines) in
MeOH at 25 °C. The concentrations are 2.5 x 10“ M for the
hosts and 2.5 x 10 M for the guests.

was seen with compound 1. The changein color depends
upon the length of the diamine. The color devel opment
by 1 and amines was greatest with guest diamines of n =
8 and 9. Diamines shorter than 1,5-diaminopentane gave
no coloration that could be detected by the naked eye.

The degree of color development by 1 and diamines 4
is quite sensitive to temperature. The absorbance at 571
nm by the complex of 1 and diamine 4 (n = 9) decreases
with a rise in temperature. The reversibility and
reproducibility of this change were confirmed asfollows.
The temperature of the mixture was gradually increased
from 20 °C to 50 °C over 30 min and then dropped to 20
°C over another 30 min. This temperature profile was
repeated more than 10 times while monitoring the UV-
visible spectrum at 571 nm (Fig. 2). In the *H NMR
spectrum of the complex, the signal of the a-methylene
of the diamine at & 2.47 ppm was broad at 22 °C, but
sharpened to atriplet at 60 °C. These experiments show
that the diamine 4 (n = 9) dissociates from the host
molecule 1 to show free rotation at a higher temperature.
Thus, color development due to complex formation
reflects changes in temperature.

To better understand the above phenomena, the
structure of the colored complex of 1 and diamine 4 (n =
9) was investigated in detail. The values of pKgl' and
pKa2' in 50% agueous methanol at 30 °C were 10.4 and
11.1for 1,and 9.6 and 11.3 for 3. These data suggest that
thereis no correlation between the coloration of 1 and the
difference in pKa' values. Tamura and his coworkers
reported that the colored complex of phenolphthalein (3)
existsin adianionic form [2]. The colored complex of 1
and diamines is also considered a dianion. A Job plot
using UV-visible spectra suggested that the host-guest ratio
in the colored complex of 1 and diamine 4 (n = 9) was not
1.1, but rather 1:2, 2:3, or some intermediate ratio. These
findings indicate that one molecule of the diamine is

20°C 1h

= Absorbance N

50°C

0

Time

Figure 2. Temperature dependence of the absorbance of 1
(5.0x 10* M) inthe presence of 4 (n =9, 1.0 x 103 M).

Table 1. The Apparent Association Constant (K’) of the
complexes of 1 with diamines 4 and Molar Absorption
Coefficients (g).

diamine 4 K' (M €
n=7 910 % 60 5830+ 120
n= 8§ 1270 £ 50 8930+ 100
n=9 2020 = 100 7940 + 130
n=10 1370 + 80 5280+ 70

bridged between two crown rings and the other serves as
a counter cation of the carboxylate, derived from ring-
opening of the y-lactone of 1. Therefore, a new system
was designed in which alarge excess of N-ethylpiperidine
exists together with the diamine to act as a counter cation
for the carboxylate anion. N-Ethylpiperidine itself gave
no color without adiamine. The Job plot of 1 and diamines
4 (n=7-10) in the presence of N-ethylpiperidine clearly
showed a 1:1 correlation between them. Thus, the colored
complex consists of 1, diamine and N-ethylpiperidinein
theratio of 1:1:1 in this system. The apparent association
constant (K") of the complexes and molar absorption
coefficients (€) were determined by UV-visible titration.
The results listed in Table 1 show that the degree of
coloration caused by the interaction between 1 and
diamines depends not only on the apparent association
constants but also molar absorption coefficients.
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Ster eoselection Controlled by Electronic Effect of a Carbonyl
Group in Oxidation of NAD(P)H Model

Seiji Oda and Norimasa Y amazaki

Newly synthesized NAD(P)H model compound (1,4,6,7-tetrahydro-1,6,11-trimethyl-5-ox0-5H-
benzo[c]pyrido[2,3-€]azepin; 11Me-MMPAH) has an axial chirality with respect to carbony! dipole
in the side chain amide group. The orientation of carbonyl dipole is fixed with sticking out of the
dihydropyridinering. In oxidation of this compound with a series of p-benzoquinone derivatives,
we investigated the relationship between the orientation of carbonyl dipole in nicotinamide and the

stereochemistry of the reactions of NAD(P)H

Keywords: NAD(P)H model compound/ (net) hydride transfer/ stereochemistry/ carbony! dipole/ oxidation

The pyridine nucleotide coenzymes NADH and
NADPH are ubiquitousin all living systems. They
are required for the redox reactions of more than
370 different kinds of enzymes. Although
pyridinium/dihydropyridine moietiesin NAD(P)* /
NAD(P)H coenzymes are achiral, re- and si-faces
of the molecules are recognized by a substrate when
they are set in a pocket of an enzyme. Formally, a
hydride ion is transferred stereospecifically and
reversibly between the 4-position of NAD(P)* or
NAD(P)H and substrate. From the viewpoint of
chemical evolution of an enzyme, the differencein
stereochemistry as well as the mechanism of the
redox reactionsinvolved is an interesting subject.

It is considered that the stereochemistry of the
reactions of NAD(P)H is influenced by the
orientation of the carbonyl dipolein the side-chain
amide group. To clarify this relationship, we

designed and synthesized new NAD(P)H model
compound (11IMe-MMPAH) [1]. Inthiscompound,
the methyl substituent at 11-position in an o-
phenylene group prevents a flipping of the o-
phenylene moiety, and, therefore, a flipping of the
carbonyl group at room temperature. At the same
time, in the oxidized form (11Me-MMPA*I"), the
axia chirality with respect to the orientation of the
carbonyl dipolein 11Me-MMPAH is sophisticatedly
preserved. This model fixing the orientation of
carbonyl dipole with sticking out of the
dihydropyridine ring, we can readily investigate the
relationship between the orientation of carbonyl
dipole in nicotinamide and the stereochemistry of
the reactions of 11Me-MMPAH.

In order to investigate the selectivity of the faces
in which a (net) hydride is transferred, oxidations
of 11Me-MMPAH, which are predominantly
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deuterated the syn- and anti-hydrogen with respect
to carbony! dipole respectively, with a series of p-
benzoquinone derivatives in the absence and
presence of Mg** were studied [2,3]. Without Mg*,
relative reactivity ratio for syn- and anti-hydrogens
with respect to carbonyl dipole in 11Me-MMPAH
indicated uniformly high anti-selectivity in oxidation
with all quinones; anti-hydrogen is 3-32 times more
reactive than syn-hydrogen. On the other hand, a
dramatic change in the syn/anti selectivity was
observed when Mg?" was present in the system.

11IMe-MMPA*I-

11IMe-MMPAH

In addition, as the reduction potential of p-
benzoguinone derivative decreases, the reactivity of
the syn-hydrogen becomes larger. Thistendency is
emphasized in the reaction with aweakly oxidizing
agent such as 2,6-dimethyl-p-benzoquinone; syn-
hydrogen is 5 times more reactive than anti-
hydrogen.

These observed selectivity in the absence and
presence of Mg? can be explained by the
contribution of initial electron transfer process prior
to the proton transfer. 1n the syn-hydrogen transfer
reaction, the carbonyl oxygen points toward the
pairing p-benzoquinone derivative, whereas the
pairing p-benzoquinone derivative sits itself in the
opposite side of the carbonyl oxygen in the anti-
hydrogen-transfer reaction. In the absence of Mg?,
the transfer of the anti-hydrogen takes place easier
than that of the syn-hydrogen because the anti-face
is electronically more favored than the other;
electrostatic repulsion of the syn-side between the
carbony! dipole of radical cation of 11Me-MMPAH
and the radical anion and/or carbony! dipole of
quinone is much larger than that of anti-side (Fig.
1(a)). The change in the reactivity of the syn/anti-
hydrogen strongly suggests an important
contribution of Mg? in the pre-association complex
for determining the stereochemistry of the reaction.
There is no doubt that Mg? play therole of aLewis
acid catalyst to promote the reaction, because a
weakly oxidizing quinone such as 2,6-dimethyl-p-
benzoquinone can not oxidize 11Me-MMPAH
without Mg®. The reactivity of relative weakly
oxidizing agent is not sufficient to abstract an

electron from 11Me-MMPAH in the model-quinone
binary complex, or the reactant and quinone not to
bring them into closer face-to-face contact in the syn-
face without catalytic assistance of Mg?. Thus, in
the oxidation with relative weakly oxidizing agent,
catalytic contribution of Mg?* becomes large to
undergo the reaction and, therefore, the syn-
hydrogen is inevitably involves a model-M g?*-
quinone ternary complex as a pre-association
intermediate (Fig. 1(b)).

O:Mg2+

Figurel. Pre-association complex between NAD(P)H
model and quinone without Mg?* (a) and with Mg?* (b)
from initial electron transfer.

syn-attack
(b)

We showed that the orientation of carbonyl
dipole in model compound as well as the presence
or absence of Mg?* controls the stereachemistry of
oxidation of an NAD(P)H model compound with p-
benzoquinone derivative. Such a strong control of
the stereochemistry by an el ectronic(nonsteric) effect
may be a mimic of stereochemical controls in
biological reactions catalyzed by archaic enzymes,
where structural sophistication was insufficient to
exert a perfect control of the stereochemistry.
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Structural Basisfor Reaction M echanism and Drug
Delivery System of Chromoprotein Antitumor
Antibiotic C-1027

Y asushi Okuno and Yukio Sugiura

Antitumor antibiotic C-1027 that is regarded as a natural model of drug delivery system, consists of a
carrier apoprotein (Apo) and an enediyne chromophore (Chr). We have compared three solution structures
of the DNA-Chr complex, Apo-Chr complex, and free Chr determined by high-resolution NMR
experiments. The guest molecule, C-1027 chromophore, showed two distinct binding modes fitted to
binding sites of the hosts (target DNA and carrier Apo). The novel Chr interacts with DNA through its
benzoxazolinate and aminosugar moieties, and also with Apo through the benzoxazolinate and macrocyclic
moieties. The superposition of Chrsin these three states clearly revealed conformational deviation of the
16-membered macrocyclic moiety containing intra-chlorophenol ring. Ab initio calculations supported
good correlation between the reactivity and the conformational alteration of Chr induced in hosts. The
present results provide molecular basis and implication for the host-recognition mode, the reaction
mechanism, and drug delivery system of chromoprotein C-1027.

Key words: Antitumor antibiotic/ Enediyne/ Drug delivery system/ NMR structure/ DNA cleavage

To understand the molecular basis for unique
biological activity of C-1027, three-dimensional
structures of DNA-Chr complex, Apo-Chr complex, and
free Chr are essential. We clarified solution structures
of free Chr and the complex formed between the drug
and DNAoligomer by NMR techniques. The NOESY
measurements of Chr-DNA oligomer complex yielded a
total of 144 DNA intramolecular, 33 drug-intramolecular,
and 36 DNA-drug intermolecular NOESs that we were
ableto clearly assign. Free Chrin D,O solution provided

14 intramolecular ROES in the ROESY. The solution
structures of DNA-Chr complex and free Chr obtained
with distance-restrained molecular dynamics
computations gave relevant modeds that are fully
consistent with the observed NM R-derived distance date.
In the unbound state, restrained molecular dynamics
simulation illustrated that free Chr can't fix its
benzoxazolinate (BO) and aminosugar (AS) moietiesin
one specific monfomation without characteristic
interaction. Indeed, ROEs of the BO and AS partswere
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rarely detected. Since most of observed intra-ROEs of
Chr arose from the 16-membered macrocyclic part (MC),
the conformation of MC wasrestrained. Averagepairwise
RMS deviations among final structures were 0.75 A for
the DNA-Chr complex and 0.77 A for free Chr. The
generated structures of DNA-Chr complex and free Chr
were averaged and energy-minimized.

In the Chr-DNA heptamer complex, the inter-NOEs
of BO and AS moieties with DNA were in the majority
(75%) of al observed intermolecular peaks. The proton
chemical shit perturbations of these functionla moieties
were aso large upon binding to DNA. Thus, both the BO
and A S parts play important roles for the recognition and
binding of Chr to DNA. The DNA-Chr complex model
evidently revealed that C1027-Chr interacts with each
tetranucleotide of the d(C3C4A5T6)/d(A0T10G11G12)
duplex through unigue intercalation of the BOmoiety at
the d(C3C4)/d(G11G12) step and also minor groove
binding of the AS part at d(A5T6)/d(Q9T10G11). This
complex is stabilized by the stacking interaction through
intercalation and by the backbone helical and minor
groove contacts through van der Waalsinteractions. The
intercal ation of the BO moiety was demonstrated by the
NOEs connecting 1"-NH with H6, H1', H2', 2" of C3 and
H6, NH, of C4, OMe with H8, H1, H1' of G11; HE" with
H3' of G12. One of the two six-membered rings of C3
and C4, while the one containing methoxy group stacks
on the purine rings of G11 and G12. The protruding
methoxy group of BO moiety makeds van der Waals
contacts with H1' of G11 sugar. Furhermore, the inter-
NOEs of the AS moiety with the DNA oligomer were
obzerved connecting of B-Hs (H2, H3', H4', and 5'-Mef3)
with H1' and H4' of T6 and H2 of A5; a-Hs (4-NMeand
5-Mea) with H2 of A9, H1' and H4' of T10 and H4', H5,
and H5" of G11. There are backbone heical sugur-
phosphate backbones of A5T6 and A9T10G11strands on
other side. The orientation of the AS moiety permitsits
a'Hs and BlHS to face toward the A9T10-strand and
AS5T6-strand, respectively. A set of contacts between Chr
and DNA minor groove floor was detected. These contacts
include van der Waals interaction of AS H3' with DNA
A5(H2) and A9(H2) and a hydrogen bond supports our
previous datathat the guanine 2-amino group of the central

base in trinucleotide 5'-AGG plays a key role in the
recognition of the DNA oligomerby by Chr. In addition,
the observation of several NOEs showed the backbone
helical binding between the aromatized AEB ring (H5,H6,
and H8) and the DNA backbone [C4(H1'), A5 (H1' and
H4"), and T6(H5")]. An intermolecular NOE cross peak
between Chr-H6 and A5-H1' or -H4' revealed the
prozimity of these protons. The Chr-H3 is situated close
to H1' of G12, as indicated by the constructed model.
Therefore, it isreasonably proposed that the DNA lesions
caused by the C-1027 Chr are due to the abstraction of
hydrogen atomsfrom A5-C1' or -C4' by the Chr-C6 radical
and from G12--C1' by the Chr-C3 radical. In fact, our
previous gel electrophoretic analysis evidently showed
that the DNA domage occurs at CCA/TGG with atwo
nucleotide 3'-stagger of the reactive biradical atoms(C3
and C6) of the enediyne Chr to the vicinity of deoxyribose
hydrogen atoms (H1' or H4') of the DNA backbone (A5
and G12). The AS assistsin winding of the Chr around
the minor groove of the DNA oligomer.

We evaluated the influence of spatial configuration of
the neighboring aromatic ring on the reactivity of the
biradical by an ab initio method (23,24). Recently, Chen
and co-workers pointed out that the reactivity of p-benzyne
type bieadicals depends upon the energy splitting between
the singlet (S) ground state and triplet (T) excited state;
the lager the S-T splitting becomes, the less reactive the
singlet biradical dose. On the basis of this information,
we istimated and conpared teh S-T splittings of both
biradical-aromatic ring systems that are confomationally
similar to C1027-Chrsin DNA and Apo. The S-T splitting
of the biradical-aromaric ring system in DNA was dightly
smaller than that in Apo (Table I11). Accordingly, the p-
benzyne type biradical in DNA is more reactive than that
in Apo, because of the conformational alteration of the
MC part containing chlirophenoling. It is possible for
the drug to control the reactivity of hydrogen-abstraction
reactions by subtle structural perturbation of the
intramolecular cholorphenol ring adjacent to the reacting
AEB system . Onthe other band, neocarzinostatin (NCS),
esperamicin, calcheamicin, and kedarcidin require external
cofactor (thiol) astrigger of the Bergmann reaction.
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Nucleocytoplasmic Transport of Preintegration Complex
and Viral mRNA in Retrovirus-Infected Cells

Y oshifumi Adachi

Active transport of proteins and mRNAS between the nucleus and cytoplasm is a major process in
eukaryotic cells. Recently, factors that recognize transport substrates and mediate nuclear import or
export have been characterized, revealing interactions that target substrates to the nuclear pore
complexes, through which translocation occurs. In the first half of the report, nuclear import of the
human immunodeficiency virus 1 (HIV-1) preintegration complex (PIC) is discussed. The second half
describes recent information on the mechanistic details of nuclear export of vird mRNA so-called Rev-

dependent trans-activation of viral genes.

Keywords : Retrovirus/ Viral integration / Rev-dependent trans-activation / Nuclear import / Nuclear

export / Nucleocytoplasmic transporter

The ability of HIV-1 to transport its preintegration
complex (PIC) into the nucleus of an infected cell during
interphase is a unique feature (1). A basic-type nuclear
localization signal (NLS) was identified in the N-
terminal region of the HIV-1 matrix protein (MA) and
was found to regulate viral nuclear import and infection.
Genetic analysis also implicated viral protein Vpr in the
process of nuclear import of the HIV-1 PIC. But this
protein does not have a classical NLS, and itsrole in
nuclear import remained unclear until recently.

Recent studies identified that Vpr controls nuclear
import through an importin a-independent mechanism
(1). This result was consistent with resistance of Vpr-
regulated viral nuclear import to competition by NLS
peptides. The binding site of Vpr onimportin a does not
appear to overlap with the NLS-binding sites. In fact,
importin a, Vpr, and MA can assembleinto atrimer. As
aresult of Vpr binding to importin a, the affinity of
interaction between the NLS and importin a was

increased approximately 10-fold. This mechanism may
be instrumental in increasing the karyophilic potential of
the HIV-1PIC.

It appears, therefore, that nuclear import of the HIV-1
PIC iscontrolled by two viral proteins, Vpr and MA (Fig.
1). While MA contributes its NLS which connect the PIC
to importin a and cellular import machinery, Vpr
functions as an enhancer of the MA-importin a inter-
action. In addition, Vpr was found to bind nucleoporins
and was suggested on these grounds to function as an
importin B analog. Although this hypothesis is
consistent with the role of Vpr in docking of the HIV-1
PIC to the nuclear envelope, it is hard to imagine that a
small protein, such as Vpr (with amolecular mass of only
14 kDa), can perform the function of a 97-kDaimportin
. We therefore favor the notion that the effects of Vpr
are mediated through the importin a/f3 pathway.
Inactivation of either partner in the HIV-1 nuclear import
(i.e., MA, Vpr, or importin a/B) results in the loss of
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import function and virus inability to establish efficient
infection in primary cells. These proteins, therefore,
present an attractive target for development of novel
anti-HIV therapeutics.
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Figurel. A model of nuclear import of the HIV-1 PIC.

HIV-1 encodes the regulatory protein Rev, which is
absolutely required for viral replication (2,3). Rev
promotes the nuclear export of incompletely spliced
HIV-1 mRNA species containing the Rev response el ement
(RRE). Rev interacts directly with a stem-loop within the
RRE. Rev is a116-amino acids phosphoprotein that has
been shown to continuoudly shuttle between the nucleus
and cytoplasm. Nuclear import of Rev is mediated by
NLS embedded in the the RRE-binding domain. The
NLS of Rev has been reported to associate with the
conventional importin a/f heterodimer as well as a
nucleolar shuttle protein B23. Nuclear export of Rev is
mediated by the nuclear export signal (NES), which
contains a conserved stretch of characteristically spaced
leucine residues.

Recently, the highly conserved CRM 1 protein was
identified as a functional nuclear receptor for Rev NES
and hence the protein was also renamed exportin 1 (4,5).
Independent experiments showed that overexpression of
CRM1 increased the export of nuclear-injected Rev
protein. Moreover, the cytotoxin leptomycin B (LMB)
inhibited in vivo export of both Rev protein and Rev-
dependent RRE RNA export. This effect by LMB is
direct because LMB binds to CRM1, and , in yeast,
resistance to LMB mapsto crm 1 gene. Further support
for CRM1 being an export receptor for NES-containing
proteins is based on the observation that N-terminal
region of CRM1 is homologous to the RanGTP-binding
domain of importin 3, placing CRM1 in the family of
RanGTP-binding proteins that includes other known and
putative import and export receptors. CRM1 has also
been found in complex with at least two proteins
associated with the human nuclear pore complex, namely
the nucleoporins CAN/Nup214 and Nup88, and yeast
two-hybrid analysis have demonstrated interactions
between CRM1 and several nucleoporins aswell as Rev
and Ran (6).

The molecular details behind CRM 1-mediated Rev
export are still ambiguous. Our studies have been
focused on the assembly of the RRE RNA-Rev-CRM 1-
RanGTP complex in greater detail in vitro. CRM1
interacts directly with full-length Rev independently of
the conserved leucine residues within the core of the
NES and the presence of RanGTP. This Ran-independent
interaction is LMB insensitive. In contrast, formation of
the ternary Rev-CRM1-RanGTP complex is highly
sensitive to NES mutations and is readily dissociated in
vitro by LMB or by hydrolysis of Ran GTP.
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Figure2. Mechanism of Rev-dependent nuclear export of vi-
ral mRNA.

Asshown in Figure 2, Rev utilizesthe cellular shuttle
service to be imported into the nucleus as the Rev-B23
complex viathe NLS/RRE-binding domain. Asthe RRE
RNA has higher affinity for Rev than B23, the nuclear-
imported complex is specifically dissociated by the RRE
RNA. The RRE RNA-Rev complex bindsto CRM1 via
NES cooperatively with RanGTP and is subsequently
translocated through the nuclear pore complex. In the
cytoplasm, the RRE RNA-Rev-CRM1-RanGTP
complex dissociates when Ran hydrolyzes GTP under
the influence of RanBP or RanGAP.
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Potent Trangtion-State Analogue I nhibitor of Esherichia coli
Aspar agine Synthetase A

Jun Hiratake, Mitsuteru Koizumi, Toru Nakatsu, Hiroaki Kato, and Jun'ichi Oda

A potent and slow-binding inhibitor of E. coli asparagine synthetase A (AS-A) was synthesized, and
itsinhibition behavior was characterized. The enzyme complexed with the inhibitor was analyzed by
X-ray diffraction analysis to identify several key amino acid residues responsible for catalysis as
well asfor substrate recognition. AS-A catalyzes the formation of L-Asn from L-Asp and ammonia
coupled with the hydrolysis of ATP to AMP and pyrophosphate. The reaction catalyzed by this
enzyme is prototypic of mammalian asparagine synthetase (AS-B) which utilizes glutamine as a
nitrogen source. In addition, asparagine synthetase is a potential target for chemotherapy to treat
certain leukemias. We therefore designed and synthesized a transition-state analogue, N-adenylated
S methyl-L-cysteine sulfoximine 1, based on the proposed reaction mechanisms of AS-A. The com-
pound 1 strongly inhibited the E. coli AS-A in a time-dependent manner with an overall inhibition
constant (K*) of 67 nM and with an onset rate of inactivation of 3.27 s* mM. The inhibition was
amost irreversible and no regain of enzyme activity was observed in 10 days after gel filtration. The
inhibitor 1 was also used as a ligand for X-ray diffraction analysis of AS-A. The X-ray crystal
structure of AS-A complexed with 1 revealed several key amino acid residues such as Arg 100, GIn
116 and Asp 46 responsible for catalysis as well as those for substrate recognition. An attempt to
inhibit AS-A by each diastereomer of S-methyl-L-cysteine sulfoximine and ATP is also described.
Since AS-A is prototypic of asparagine synthetases in terms of the chemistry in substrate activation,
compound 1 should formulate a basis for future inhibitor design of asparagine synthetase B.

Keywords: Transition-state analogue inhibitor/ Asparagine synthetase A/ ATP-Dependent ligase/
Sulfoximine/ Slow-binding inhibition/ Irreversible inhibition/ X-Ray crystallography

L-Asparagine synthetase [L-aspartate: ammonialigase
(AMP-forming) EC 6.3.1.1] (AS-A) from Escherichia
coli [1] isatypical member of ammonia-dependent as-
paragine synthetases and catalyzes the formation of L-
Asn from L-Asp and ammoniawith concomitant hydroly-
sisof ATPto AMP and pyrophosphate. The reaction cata-
lyzed by AS-A is mechanistically prototypic of all the
classes of ATP-utilizing C-N bond ligases in which the
substrate carboxyl group is activated by adenylation fol-
lowed by substitution by amine nucleophile. It isthere-

fore highly desirable to obtain good transition-state ana-
logue inhibitors of AS-A to probe the detailed reaction
mechanisms and structure of asparagine synthetases and
its mechanistically related ligases. We describe here the
synthesis and characterization of atransition-state ana-
logue, N-adenylated S-methyl-L -cysteine sulfoximine 1.

The catalytic reaction of AS-A is thought to proceed
by a two-step mechanism via an intermediate 3-aspartyl
adenylate; the first step is the formation of the interme-
diate, and the resulting adenylated 3-carboxy is attacked
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Scope of research

Our research aims are to elucidate the chemistry-function relationships of various biocatalysts (enzymes) in combination with
organic chemistry, molecular biology and X-ray crystallography. The biochemical and physiological roles of enzymes and
hormone receptors are al so studied from the chemical point of view. Main subjects are (1) Chemical, biochemical and molecu-
lar biological studies on -primeverosidase, a major tea aroma-producing 3-glycosidase concerned with tea-manufacturing
process, and on its original physiological rolesin tea plants, (2) Design and synthesis of transition-state anal ogue inhibitors
of ATP-dependent ligases and glycosidases, (3) Development of a new method for functional cloning of plant hormone recep-
tors and biochemical studies on plant hormone biosynthesis, (4) X-Ray crystallography of firefly luciferases and pyruvate
phosphate dikinase from Maize, (5) Development of a new types of lipase by evolutionary molecular engineering.
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by ammoniain the second step to form L-Asn and AMP
(Scheme 1). Asastable analogue of the transition state
in the latter step, we designed N-adenylated S-methyl-L -
cysteine sulfoximine 1 where the carbony! to be attacked
by ammoniaisreplaced by atetrahedral sulfoximine sul-
fur atom with amethyl group mimicking ammonia. Com-
pound 1 was synthesized in 9 steps from Smethyl-L-Cys
viaadenylation of sulfoximine nitrogen [2]. The result-
ing P-N bond was hydrolytically stable even under acidic
conditions.

The N-adenylated sulfoximine 1 (1:1 mixture of dias-
tereomers) was found to be an extremely potent slow-
binding inhibitor that caused time-dependent inactivation
of AS-A (Figure 1). The enzyme, for example, was to-
tally inactivated in 15 min when 2.5 uM of 1 was present.
The inhibition was virtually irreversible, and no regain
of enzyme activity was observed after gel filtration. Since
the inhibition was time-dependent, the onset rate of in-
activation (k) was calculated from the progress curves
and was found to be 3.27 s* mM. The overall inhibi-
tion constant (K*) was calculated as 67 nM by measur-
ing the inhibited enzyme activity after slow-binding in-
hibition equilibrium was reached. Considering that the
kinetic constants for AS-A were K _ (Asp) = 1.69 mM,
K, (ATP) =124 mM and k/K_(Asp) =28.5s'mM™,
the inhibitor 1 bound to the enzyme at a rate nine times
assmall asthat of the enzymatic reaction, but with 25,000-
fold higher affinity than its substrates.

Wefirst attempted to inhibit AS-A with diastereomeric
S-methyl-L-cysteine sulfoximine 2a, b and ATP in the
hope that a mechanism-based inactivation of AS-A might
result by in situ adenylation of the sulfoximine by ATP
within the enzyme active site. However, each diastere-
omer 2a and 2b was a poor and reversible inhibitor of
AS-A with K, =3.27 and 0.76 mM, respectively, and no
enzyme inactivation was observed after a prolonged in-
cubation of the enzyme with 2a or 2b in the presence of
ATP.

Since compound 1 was most likely to mimic the puta-
tive transition state, the enzyme complexed with 1 was
crystallized and subjected to X-ray diffraction analysis
[2]. Theinhibitor 1 gave avery clear electron density in
the enzyme active site, and several specific interactions
were identified between the active site amino acid resi-
dues and the inhibitor 1 (Figure 2). Of particular interest
isthe interaction regarding the sulfoximine moiety. First,
the sulfoximine oxygen (S=0) is hydrogen bonded to Arg
100 and GIn 116. Since S=0 represents the oxyanion
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Figure 1. Progress curvesfor theinactivation of AS-A by tran-
sition-state analogue 1. The reaction was initiated by adding
the enzyme to an assay mixture containing L-Asp (1.5 mM),
NH,CI (20 mM), ATP (3 mM) and the inhibitor 1 (0-7.5 uM)
in 100 mM Tris-HCI (pH 7.8) at 37 °C.
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Figure2. X-Ray crystal structure of E. coli AS-A active site
complexed with theinhibitor 1, showing the SIGMAA weighted
F,-F. omit electron density map, superimposed with the re-
fined'structure of the inhibitor 1 and the active site amino acid
residues. The contour level is3.0 .

generated by nucleophilic attack of ammonia, these resi-
dues are most likely to be key catalytic residues respon-
sible for stabilizing the tetrahedral oxyanion transition
state or intermediate. Another point is the methyl at-
tached to the sulfur atom. This methyl, which is sup-
posed to mimic the -NH* moiety of the zwitterionic tet-
rahedral intermediate, was found to be 3.1 A distant from
Asp 46. This negatively charged residue probably plays
akey role in the electrostatic stabilization of the -NH3*
part of the transition state or the intermediate and also
acts as a base to abstract a proton from the tetrahedral
intermediate completing the formation of the product

asparagine.

References
(1) Sugiyama, A.; Kato, H.; Nishioka, T.; Oda, J. Biosci.
Biotech. Biochem. 1992, 56, 376-379.
(2) Koizumi, M.; Hiratake, J.; Nakatsu, T.; Kato, H.; Oda, J.
J. Am. Chem. Soc. 1999, 121, 5799-5800.



46 ICR Annual Report, Vol. 6, 1999

Reaction Mechanism of DL -2-Haloacid Dehalogenase from
Pseudomonas sp. 113: Hydrolytic Dehalogenation Not
| nvolving Enzyme-Substrate Ester Intermediate

Nobuyoshi Esaki, Tatsuo Kurihara, Kenji Soda, Vincenzo Nar di-Del and Chung Park

DL-2-Haloacid dehal ogenase from Pseudomonas sp. 113 (DL-DEX 113) catalyzes the hydrolytic
dehalogenation of D- and L-2-haloalkanoic acids, producing the corresponding L- and D-2-
hydroxyalkanoic acids, respectively. L-2-Haloacid dehalogenase, haloalkane dehal ogenase, and 4-
chlorobenzoyl-CoA dehal ogenase, which catalyze the hydrolysis of various organohal ogen compounds,
have an active site carboxylate group that attacks the substrate carbon atom bound to the hal ogen atom,
leading to the formation of an ester intermediate. This is subsequently hydrolyzed, resulting in the
incorporation of an oxygen atom of the solvent water molecule into the carboxylate group of the en-
zyme. In the present study, we analyzed the reaction mechanism of DL-DEX 113. When a single
turnover reaction of DL-DEX 113 was carried out with alarge excess of the enzyme in H,'*O with either
D- or L-2-chloropropionate, the major product was found to be #O-labeled lactate. After a multiple
turnover reaction in H,'®O, the enzyme was digested with proteases, and the molecular masses of the
peptide fragments were measured. No peptide fragments contained 0. These resultsindicate that the
H_'®0 of the solvent directly attacks the a-carbon of 2-haloalkanoic acid to displace the halogen atom.
Thisisthefirst example of an enzymatic hydrolytic dehal ogenation that proceeds without formation of
an ester intermediate.

Keywords: 2-Haloacid dehalogenase/ |onspray mass spectrometry/ Reaction mechanism

Halidohydrolases catalyze hydrolytic cleavage of car- lowing three groups: 1) L-2-Haloacid dehal ogenase (L-
bon-hal ogen bonds of various organohal olgen compounds. DEX) catalyzes hydrolysis of L-2-haloalkanoic acids to
2-Haloacid dehalogenases (EC 3.8.1.2), haloacetate produce the corresponding D-2-hydroxyalkanoic acids.
dehalogenases (EC 3.8.1.3), haloalkane dehal ogenases 2) D-2-Haloacid dehalogenase (D-DEX) catalyzes the
(EC 3.8.1.5), and 4-chlorobenzoyl-CoA dehal ogenases conversion of D-2-haloalkanoic acids into L-2- hy-
(EC3.8.1.6) are included in this group of enzymes. 2- droxyalkanoic acids. 3) DL-2-Haloacid dehalogenase
Haloacid dehal ogenases are further classified into the fol- (DL-DEX) dehalogenates both D- and L-2-hal oalkanoic

MOLECULAR BIOFUNCTION — Molecular Microbial Science —

Scope of research
Structure and function of biocatalysts, in particular, pyridoxal enzymes and enzymes acting on xenobiotic compounds, are
studied to elucidate the dynamic aspects of the fine mechanismfor their catalysisin the light of recent advances in gene technol-
ogy, protein engineering and crystallography. In addition, the metabolism and biofunction of selenium and some other trace
elements are investigated. Devel opment and application of new biomolecular functions of microorganisms are also studied to
open the door to new fields of biotechnology. For example, molecular structures and functions of psychrophilic enzymes and
their application are under investigation.
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acids to produce the corresponding L- and D-2-
hydroxyalkanoic acids, respectively. DL-DEX issimilar
to racemases and epimerases in that it acts on the chiral
center of both D- and L-enantiomers indiscriminately.
However, this enzyme is unique in that it catalyzes a
chemical conversion on the chiral centers of both enanti-
omers.

Reactions catalyzed by L-DEX from Pseudomonas sp.
YL (L-DEX YL), haloalkane dehalogenase from
Xanthobacter autotrophicus GJ10, and 4-chlorobenzoyl-
CoA dehalogenases from Pseudomonas sp. strain CBS3
and Arthrobacter sp. 4-CB1 have been shown to proceed
asinFig. 1 (A) [1]. These mechanisms resemble each
other in that the reactions proceed through ester interme-
diates formed from catalytic acidic amino acid residues
of the enzymes and their substrates. The ester intermedi-
ates are subsequently hydrolyzed releasing the products
and restoring the carboxylate groups of the enzymes.

DL-DEXs have been purified from Pseudomonas sp.
113 (DL-DEX 113), Pseudomonas putida PP3, and Rhi zo-
bium sp. However, none of the reaction mechanisms of
these DL-DEXs has been studied, and it has remained
unknown whether the reaction mechanism of DL-DEX is
similar to that of other halidohydrolases. We previously
determined the primary structure of DL-DEX113, and
found that it is similar to that of D-DEX from Pseudomo-
nas putida AJ1 [2]. We also showed that DL-DEX 113
has a single and common catalytic site for both D- and L-
enantiomers based on a site-directed mutagenesis experi-
ment and kinetic analysis [2]. In the present study, we
analyzed the reaction mechanism of DL-DEX 113 by
means of **0 incorporation experiments [3].

We conducted the single turnover reaction of DL-DEX
113 in H,*®0 with D- or L-2-chloropropionate as a sub-
strate, using an excess amount of the enzyme. We found
that amajority of the lactate produced was labeled with
180, This makesaclear contrast with theresultson the L-
DEX YL reaction, which proceeds through the mecha-
nism involving an ester intermediate (Fig. 1 (A)). Only
10% of the D-lactate produced from L-2-chloropropionate
by L-DEX YL was labeled with 0. Thissuggeststhat in
the DL-DEX 113 reaction an oxygen atom of the solvent
water was directly incorporated into the product. While
supporting the mechanism shown in Fig. 1 (B), thisis not
compatible with the mechanismin Fig. 1 (A), inwhich an
oxygen atom of the solvent water isfirst incorporated into
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Figure 1. Reaction mechanisms of dehal ogenases

the enzyme.

A multiple turnover reaction of DL-DEX 113 was car-
ried out in H,'O with D- or L-2-chloropropionate as a
substrate. After completion of the reaction, the enzyme
was digested with TPCK -treated trypsin, and the result-
ing peptide fragments were separated on areversed phase
column interfaced with an ionspray mass spectrometer as
adetector. If the reaction proceeds through the mecha-
nismin Fig. 1 (B), *¥0 should not be detected in the pro-
teolytic fragments. The molecular masses of all peptides
were virtually indistinguishable from the predicted ones
whether the reaction was conducted with D- or L-2-
chloropropionate. Since peptides containing amino acid
residues1, 106-107, 135-142, 181-183, 229-238, 250-254,
284-285, and 299-300 were not found in the trypsin-di-
gested sample, we also analyzed lysyl endopeptidase-di-
gested enzyme by the same method. Peptides 120-142,
232-285, and 299-306 were identified, and their molecu-
lar masses were virtually indistinguishable from the pre-
dicted ones.

In the above experiment, the molecular masses of the
peptides containing amino acid residues 1, 106-107, 181-
183 and 229-231 could not be measured. Therefore, we
could not exclude the possibility that *O was incorpo-
rated into Asp or Glu in these peptides. However, among
these peptides, only peptide 181-183 contains an acidic
residue, Aspl181. We replaced Aspl181 with Ala, Arg, and
Glu by site-directed mutagenesis to clarify whether
Aspl8lisinvolved in the catalytic reaction shown in Fig.
1 (A). Theactivities of these mutant enzymes were simi-
lar to that of the wild-type enzyme, indicating that Asp181
isnot essential for the catalysis.

All the above results are consistent with the general
base mechanism shown in Fig. 1 (B), but not with the
mechanism shown in Fig. 1 (A). This applies to the
dehal ogenations of both enantiomers of 2-haloalkanoic
acids because the results obtained for both enantiomers
were virtually the same. We previously reported that DL-
DEX 113 hasasingle and common catalytic site for both
L- and D-enantiomers based on a site-directed mutagen-
esis experiment and kinetic analysis. Thisconclusionis
supported by our present data showing that the enzymatic
dehal ogenations of both enantiomers proceed through the
same mechanism asshownin Fig. 1 (B). DL-DEX 113is
unique in that its reaction does not involve the formation
of an ester intermediate. Since D-DEX from Pseudomo-
nas putida AJ1 shows sequence similarity with DL-DEX
113, the reaction of D-DEX probably proceeds through
the mechanism shown in Fig. 1 (B). Although DL-DEX
and L-DEX can catalyze the same reaction (hydrolysis of
L-2-haoalkanoic acids), our present data clearly show that
thereaction mechanismsof DL-DEX and L-DEX are com-
pletely different from each other.
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ADP and ATP Destabilize the Escherichia coli
Chaperonin GroEL whereas Potassium lon Does Not;
Structural Evidence by the Solution Small Angle X-ray

Scattering M easurements

Yuzuru Hiragi and Kaoru Ichimura

ATP, ADP and Mg* dependence of the denaturation by Guanidine Hydrochloride of the GroEL, a
chaperonin originated from Escherichia coli, was investigated by the solution small-angle X-ray
scattering (SAXS) measurements using synchrotron radiation source. Disappearance of the quaternary
structure of the GroEL was observed by the Kratky plots of the scattered intensities. Disintegration of
the quarternary structures occurred at Guanidine Hydrochloride (GdnHCI) concentration of 0.8M in the
presence of Mg-ATP, 1.1M for Mg-ADP and 1.3M for K*; decreasing curves of weight averaged
mol ecular weights observed from forward scatterings are shown to be compatible with this results. The
destabilization of GroEL by nucleotides was proved structurally.

Key words; Small-angle X-ray scattering/ GroEL / GdnHCI denaturation / Nucleotides

E. coli GroEL isamember of chaperonin, afamily of
molecular chaperones which assist refolding of
nonnative proteins. It consists of 14 subunits of
molecular weight ca. 57,000 dalton. Seven subunits of
the tetradecamer are arranged to form aring. Two of the
7 member rings contact each other in back to back
manner completing whole GroEL oligomer. Hydrolysis
of adenosine triphosphate is required to assist the
refolding of the nonnative substrate proteins.

Apart from the refolding mechanism of the substrate
proteins, dissociation and reconstitution mechanism of
GroEL itself is interesting in the scope of the
constitution principle of the oligomeric proteins by
estimating from their structural stability. In the case of

denaturation by guanidine hydrochloride (GdnHCI),
magnesium ion stabilizes GroEL, whereas magnesium-
adenosine diphosphate (Mg-ADP) and triphosphate
(Mg-ATP) destahilizes. We studied the structural change
during the denaturation of GroEL by the method of
solution small-angle scattering method (SAXS).

SAXS experiments were carried out at 25°C with the
optics and detector system of SAXES instaled at the 2.5
GeV storage ring in the Photon Factory, KEK, Tsukuba,
Japan. Scattering intensities at wave length of 1.49A
were registered in the range 0.013 A1 < Q < 0.355 A,
where Q denotes the amplitude of the scattering vector
equal to 4mtsin(6/A) and 26 is the scattering angle.
Specimen chamber was kept at 25 °C throughout the
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Scope of research
Our research aims are to elucidate structure-function relationships of biological macromolecules, mainly proteins, by using
physicochemical methods such as spectroscopic and X-ray diffraction methods. The following attempts have been mainly made
in our laboratory for that purpose. (1) X-ray diffraction studies on protein structuresin crystal and in solution are carried out
by crystallographic and/or small-angle X-ray scattering techniques to elucidate structure-function relationships of proteins. (2)
Molecular mechanism for myosin assembly is studied by proteolytic method, electron microscopy, and computer analysis of the
amino acid sequence.
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experiments. Net scattering intensities were cal culated
by subtracting the scattering intensities of a blank buffer
solution from those of the assembly solution. Absorption
of X-ray by chloride atoms was corrected.

1.2
1.0
0.8
0.6
0.4
0.2
0.0

J(0)/C Norm.

1.0
GdnHCI Conc. (M)

1.5 2.0 2.5

Figure 1. Change of J(0)/C, proportional to the weight average
molecular weight against GAnHCI concentration; addition of
potassium ion only (¢), Mg-ADP (4), and Mg-ATP (*).

Fig. 1 shows the change of J(0)/C, against GdnHClI
concentration with the addition of potassium ion only,
Mg-ADP, and Mg-ATP. J(0) is scattered intensity
extrapolated to scattering vector Q=0 and C is the
concentration of the protein and is proportional to the
weight average molecular weight. In the case of the
process of the structural change, what observed are the
mixture of intact and denatured particles. Consequently
solution system is polydisperse. Molecular weights
obtained here are, therefore, weight average molecular
weight.

In the absence of nucleotides, decrease in the
molecular weight proceeds slowly. When nucleotides
were added, the denaturation was accelerated in both
case. ATP seems to destabilize stronger than ADP.
Probably hydration of ATP during measurements
affected the protein stability.

Disappearance of quaternary structureisimpossibleto
detect from the average molecular weight. Thisis easily
observable by the Kratky plots, J(Q)*Q? vs Q, of the
scattered curves. Fig. 2 shows the plots in different
solution conditions. The first peak in low Q region is
typical for globular proteins. The second peak around
Q=0.075A"* derives from the proteins having the
guaternary structure. As can be seen from Fig2. (a), the
second peak together with first peak, disappeared at the
GdnHCI concentration of 1.3M for potassium ion
solution. Likewise the peaks did at 1.1M and 0.8M
GdnHCI concentration in the presence of Mg-ADP
(Fig.2 (b)) and ATP (Fig.2. (c)), respectively. Asthefirst
and the second peaks disappeared simultaneously,
GroEL denatured directly to unfolded coil without
passing the globular monomer structure in the
equilibrium denaturation.

In the addition of ADP or ATP decrease in average
molecular weight and disappearance of Kratky peaks
proceeds in lower GdnHCI concentration. This is
interpretable by the effects of nucleotides on the inter-
subunit interaction of GroEL. Under the existence of
nucleotides, large movement of apical domain is
expectable even when GroES, the helper of chaperonin,
does not exist. Increase in the flexibility in the subunit
would contribute to the fragileness of the GroEL.
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Figure 2. Change of Karatky plot patterns against GdnHCI concentration; (a):addition of potassium ion,
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Artificial Control in Transgenic Plants of
the Activity of Transcription Factors

Takashi Aoyama, Maki Ohgishi, Takuya Muramoto, Mayumi Tukuda, and Atsuhiro Oka

For artificial control in transgenic plants of the activity of transcription factors, constructed was a DNA
cassette encoding the transcriptional activation domain of Herpes Simplex viral protein VP16 and the
hormone binding domain of rat glucocorticoid receptor. Combining with DNA segments coding for the
DNA hinding domain of transcription factors, the VG cassette produced fusion proteins whose activity
can be induced in transgenic plants by the exogenous steroid hormone. Thus plant phenotypes specifi-
cally induced by the hormone give information on in vivo roles of the transcription factors. In addition,
this system provides atool by which we identifies direct target genes of the transcription factors. The
Arabidopsis ATHB-1 and ATHB-2 transcription factors containing the homeodomain and leucine zip-

per motif have been studied with this system.

Keywords: Transcription/ Steroid hormone/ Homeodomain/ Transgenic plant

It is generally accepted that transcriptional initiation is
the most critical step at which gene expression is regu-
lated. In eukaryotic cells, transcription factors are
largely involved in control of gene expression, and fre-
quently play key rolesin the regulation of cell differen-
tiation, organ development, ontogenesis, and so on.
However, their actual roles remain unclear in many
cases, especiadly in higher eukaryotes because of the dif-
ficulty in the in vivo analysis of transcription factors.
The purpose of this study isto construct a generaly ap-
plicable tool for artificial control in transgenic plants of
transcription factors, and then to apply it to functional
analysis of the Arabidopsis transcription factors, ATHB-
1and ATHB-2. We developed a DNA cassette encoding
aprotein whose function of transcriptional activation can
artificially be modulated, and fused it to another DNA

segment that codes for atranscription factor or its portion
containing the DNA-binding domain. To construct an
artificially-regulable activator domain, we took advan-
tage of well-characterized functional domains, the acidic
domain of the Herpes Simplex viral protein VP16 [1] and
the hormone binding domain of therat glucocorticoid re-
ceptor (GRHBD) [2]. The VP16 domain isthought to act
as a powerful transactivating domain in various organ-
isms including plants by interacting with basal transcrip-
tion factors [3-5]. The GRHBD domain suppresses the
function of its neighboring domain in the absence of glu-
cocorticoid, and the hormone binding to GRHBD results
in release from the suppression [6-8]. Asshown in Fig-
ure 1a, the DNA fragment encoding GRHBD was fused
tothe 3' end of the fragment encoding the VP16 domain
in an in-frame manner. The restriction sites existing be-
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Attempts have been made to elucidate structure-function relationships of genetic materials and various gene products. The
major subjects are mechanismsinvolved 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 1999, study is being
concentrated on the roles of homeo domain proteins, MADS box proteins, and DDK response regulators of higher plantsin
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Figure 1. Architecture of the VG cassette vector (@), and phe-
notypes of Arabidopsis plants transgenic for 35S-HDZipl-VG
grown under the absence (b) and presence (c) of hormone.

tween the translation initiation codon and the VP16 do-
main can be used for making a fusion protein with tran-
scription factors or their DNA-binding domains. In the
vector plasmid DNA, the VP16-GRHBD segment (VG
cassette) is preceded by the cauliflower mosaic virus 35S
promoter [9] and followed by the polyA-addition signal
seguence of the nopaline synthase gene of the Agrobac-
terium Ti plasmid. This architecture of the cassette pro-
vides the expectancy that the resulting chimeric protein
acts as a strong transcriptional activator only when glu-
cocorticoid is exogenously supplied.

The Arabidopsis ATHB-1 and ATHB-2 [10-12] are
transcription factors containing the homeodomain and
leucin zipper motif. To analyze their function, the DNA
segment encoding their DNA-binding domain (termed
HDZipl1 and HDZip2, respectively) was cloned into the
VG cassette vector. The resulting chimeric genes (35S
HDZip1-VG and 35S-HDZip2-VG) were introduced
into Arabidopsis for transgenic plants. In the absence of
glucocorticoid, transgenic plants carrying either of 35S
HDZipl-VG and 355-HDZip2-V G were indistinguish-
able from the wild-type plants (Figure 1b). On the other
hand, treatment with dexamethasone, an agonist of glu-
cocorticoid, led to transgene-specific phenotypes. On

agar plates containing 10 uM of dexamethasone, seed-
lings carrying 35S-HDZipl-VG had very thin cotyle-
dons. True leaves also showed similar thin phenotypes
and lobes of leaves were extremely exaggerated (Figure
1c). From these phenotypesinduced, ATHB-1 itself or
genes recognized by its DNA-binding domain is thought
to be involved in leaf development. 35S-HDZip2-VG
seedlings under similar conditions had each a short and
radially swollen hypocotyl and petioles (data not shown).
Another transgenic plant simply overexpressing the na-
tive ATHB-2 gene, on the contrary, gave an opposite
phenotype (data not shown). These results suggest that
ATHB-2 itself acts originally as a repressor but not an
activator, and that the opposite phenotype with 35S
HDZip2-VG is brought by inducible activation of tran-
scription with the foreign VG domain. The specific in-
ducible phenotypes described aboveindicate that the chi-
meric transcription factors were activated in transgenic
plant cells inducibly by exogenously added dexametha-
sone.

This hormone-induction system is useful for analysis
of the regulatory network of gene expression down-
stream from a transcription factor of interest. The most
advantageous point of this system is no requirement of de
novo protein synthesis for induction of transcriptional ac-
tivation. Combining with an inhibitor of protein synthe-
sis(e.g. cycloheximide), this system makesit possible to
isolate MRNAS (or cDNAS) derived from genes that are
directly activated by the transcription factors without
secondary effects. In other words, the VG cassette sys-
tem allows us to identify direct target genes of the tran-
scription factor. We have actually found several candi-
datesfor the target of ATHB-1 and ATHB-2.
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HMM Search for Apoptotic Domains

Masahiro Hattori and Minoru Kanehisa

For the purpose of analyzing apoptotic molecular interactions, we have developed a knowledge base,
which consists of apoptotic molecular interactions, together with the WWW interface for it. This data-
base and the user interface enabled usto find out entries containing various information about cell death.
This information tells us that the apoptotic molecular interactions are likely to be controlled under a
series of specific conserved domains. Thus, the viewpoint of domain seemsto be more effective than the
sequence similarity of the entire protein, when analyzing pathways, molecules, genes and genomes. In
this study, we collected several hundred domain sequences of apoptotic interactions from our database,
made 14 Hidden Markov Models (HMMs) for the domain groups, and searched against KEGG/GENES
database with those HMMs to detect evolutionarily conserved domains.

Keywords: Apoptosis/ Database / Hidden Markov Model / Bioinformatics

The characteristic form of cell death, which is accom-
panied with a cell shrinking, an active proteolysis and a
nucleosome level DNA incision, has been observed[1].
Those dying cells show a specific processwhichisclearly
different from the usual cell dying process. They are ab-
sorbed into other living cells around them and their bio-
materials, for instance amino acids or nucleotides, seem
to be recycled within those living cells. This type of cell
death is called apoptosis, and is believed to play an im-
portant role in tissue and organ devel opment in ontogen-
esis and homeostasis of living body. It is aso known that
apoptosisisrelated to some diseases such as autoimmune
disease, virus infection and cancer. Furthermore many

drugs such as anticancer agents take effect viainduction
of apoptosisin the target cells. With those background
the studies on apoptosis have become popular and recently
many experimental facts have been reported. In these stud-
ies the authors have found new apoptotic related genes or
mol ecules and determined the rel ationships among those
specific molecules. They also suggest that the cell death
mechanism like apoptosis has been incorporated and di-
versified into animals during their evolutional history but
its main system has been conserved from C.elegans to
H.sapiens.

In this study, in order to analyze apoptotic pathwaysin
the viewpoint of molecular interactions we have devel-

MOLECULAR BIOLOGY AND INFORMATION — Biological Information Science —

development of sequence analysis tools.

Scope of research

This laboratory aims at devel oping theoretical frameworks for understanding the information flow in biological systemsin
terms of genes, gene products, other biomolecules, and their interactions. Toward that end a new database is being organized
for known molecular and genetic pathwaysin living organisms, and computational technol ogies are being devel oped for retrieval,
inference and analysis. Other studiesinclude: functional and structural prediction of proteins from sequence information and
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oped a new knowledge base and the WWW interface for
it, which focus on interactions among those apoptotic
molecules[2]. We have also tried to analyze several
apoptosis-specific domains with aHidden Markov Model
(HMM) technique because of the fact that the molecular
interactions concerning with apoptosis are characterized
by aset of domaing3].

At first we have collected information on domains or
motifs concerning with apoptotic interactions from litera-
ture or databases, such as PROSITE or Pfam, and extracted
those domain sequences from our database. After that we
have obtained 409 sequences of 14 domain groups, which
are originally derived from 200 protein entries of our da-
tabase. The largest group has 66 sequences of extracellu-
lar cysteine repeat domain of tumor necrosis factor re-
ceptor (TNFR) superfamily, and the smallest has 2 se-
guences of C-terminus homologous region of CIDE su-
perfamily. The average size is 29 sequences per domain,
which seems enough for HMM learning and further se-
guence analyses. Secondly, we made the HMMs from
those domain sequences by using HMMER2 programs
(http://hmmer.wustl.edu/). Thuswe got 14 HMMsfor the
domain groups. These HMMs are statistically tested in
order to estimate their ability and efficiency of detection.
Finally welooked for any homologous domainsin KEGG/
GENES database[4] by using those HMMs. Currently
KEGG/GENES has 7 eukaryotes and 29 prokaryotes. It
contains 24 complete genomes of 2 eukaryote and 22
prokaryotes. Our HMM-search procedure was done on
each of the 36 species.

We could detect potentially interesting protein entries
in C.elegans, Spombe and S.cerevisiae asfollows.(Table
1

1) C.elegans has two BIR homologous peptides,
C50B8.2 and T27F2.3, one caspase like peptidase,
Y48E1B.13, and four death domain containing peptides,
B0350.2A, B0350.2B, B0350.2C and B0350.2D. Here
Y 48E1B.13 has both His- and Cys-active sites of caspase,
this seems to be a homologue of Ced-3 apart from its
physiological function. Four B0O350.2x are thought asthe
homologue to ankyrin, which is already known as a death
domain containing protein. But the function of death

domain has not yet been checked in ankyrin.

‘ Species Gene detected motif
C50B8.2 two BIR domains
T27F2.3 one BIR domain
C.elegans Y48E1B.13 | caspase, Cys- & His-

active site

B0350.2A,B,C,D
SPAC2C6.16
YJRO8OW

death domain

S.pombe two BIR domains

S.cerevisiae one BIR domain

Table 1. HMM search results vs KEGG/GENES

2) Spombe SPAC2C6.16 has two BIR domains and
Scerevisiae Y JRO89W has one. BIR domain is known to
be necessary for an inhibition of apoptotic peptidase, and
in higher animals three domains are usually found in one
protein sequence. Then these two peptidesin fungi might
be an original type of inhibitor of apoptotic peptidase (IAP)
family. Interestingly, these two sequences don't have an
overall similarity to each other.

On the other hand, we could get no high scoring domains
in prokaryotes but found that several peptides have weak
homologies to apoptosis domains. We do not yet know
the biological significance of these homologies.
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Commissioning of the Electron Ring, KSR

Toshiyuki Shirai, Yoshihisa lwashita, Takashi Sugimura, Hiromu Tonguu,
Akira Noda and Hirokazu Fujita

KSR (Kaken Storage Ring) is acompact electron ring in Kyoto University. The circumference of KSR
is25.7 m and the maximum beam energy is 300 MeV. It is designed for the synchrotron light source and
the electron pulse stretcher ring. The beam commissioning of KSR had started in September, 1999. In
last October, the beam current of 3 mA was stored successfully. The beam parameter measurements and
the machine parameter adjustments were carried out. At the end of 1999, the beam current is 10 mA. The

typical beam lifetime is 1000 second.

Keywords : electron ring/ KSR/synchrotron radiation

A compact electron ring (Kaken Storage Ring, KSR)
is now under construction at Institute for Chemical Re-
search, Kyoto University. KSR has two operation modes,
one is a beam storage mode and the other is a pulse
stretcher mode. In the storage mode, the beam energy is
300 MeV and the design current is 100 mA. The critical
wave length of the synchrotron radiation is 17 nm from
the bending magnets. The design issue of thering isto
make 5 m straight sections where the dispersion is zero.
One of the straight section is used for a beam injection,
an extraction and an RF cavity. An electrostatic septum
and a septum magnet for the stretcher mode are installed
in this section. At the other section, an insertion device
will beinstalled for the storage mode.

The beam commissioning had started from Septem-
ber, 1999. In last October, the beam current of 3 mA was
stored successfully. The parameter measurements of

Electron Linac

Accelerator No.3

Figure 1. Layout of KSR, the injection and the extraction

beam line.
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shape of beam distribution with use of nonlinear magnetic field: and Irradiation of materials with particle and photon beams.
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KSR were carried out using the stored beam. Table 1
shows the comparison between the simulation and the
measurement results. The tune value is an important pa-
rameter to show the beam stability. It was measured us-
ing the RF electric field. The beam is perturbed strongly
when the electric force of the RF field resonates with the
transverse motion of the beam. The beam perturbation
was measured from the deformation of the synchrotron
radiation profile. Figure 2 shows the tune value at the op-
eration point and the resonance line. The present tuneis
far from the resonance lines up to 6th order. At the injec-
tion time, the tune spreads due to the energy spread. It is
compensated to be smaller than +/- 0.01 by the sextupole
magnet correction not to cross the resonance line up to
4th order. The higher order resonanceis not effective for
the injection.

The B function agrees well to the simulation results
within the measurement error. The natural chromaticity
in the vertical direction is different from the design
value. It is due to the effect of the sextupole components
in the field of the bending magnet, especially in the
fringe field. Including this effects, the chromaticity was
corrected using 2 sets of sextupole magnets.

At the end of 1999, the beam stacking and the beam
acceleration up to 300 MeV succeeded. Figure 3 shows
the circulation beam current at the injection. The beam
current is measured by a DC current transformer. The
beam pulse isinjected every 3.3 seconds from the linac.
It corresponds to the horizontal dumping time. The beam
are stacked about 20 times and the final storage current
becomes 10 mA.. It islimited by the scattering beam loss
with the residual gas, especially, the gas induced by the
synchrotron radiation. The conditioning processis going
on now. The beam life also depends on the beam current
strongly because of the same reason. The typical beam
life is 1000 second with zero current and 400 sec with 3
mA.
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Table 1. Comparison between the simulation and the measure-
ment results of the beam parameters.

Design Measurement
Tune (2.300, 1.275) (2.309, 1.270)
Sorage Current 100 mA 10 mA
Beam Life 400 sec (at 3 mA)
1000 sec (at 0 mA)
B function at QF (7.1,10.2) (6.5, 10.3)
Natural Chromaticity (2.4, -8.2) (-2.6,-6.1)
Chromaticity (0.0,0.0) (-0.1,-0.3)
with Correction
Dispersion 0.0m <0.05m
at straight section
15
14— -
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Figure 2. Operation point in the tune diagram. The lines show
the resonance up to 6th order.

DC-CT (7 mA/div)

Time (10 sec/div)

Figure 3. Stacking beam current at theinjection. It is measured
by the DC current transformer.



56 ICR Annual Report, Vol. 6, 1999

Sdalective Field-1onization Electron Detector
at Low Temperatureof 10 mK Range

M. Shibata, M. Tada, Y. Kishimoto, C. Ooishi and S. M atsuki

Combined with a dilution refrigerator, selective field-ionization detection system with a channel elec-
tron multiplier optimized at 10 mK-range temperature was developed. The detection efficiency of the
ionized electrons from the n~110 Rydberg states of Rb is 98% at the lowest achieved temperature of 12

mK.

Keywords : Dark matter/axion/Rydberg atoms/field ionization/channel electron multiplier

Highly excited atoms, so called Rydberg atoms, have
been utilized for many fields in fundamental physicsin-
cluding cavity quantum electrodynamics, quantum com-
putation, and the quantum measurements as well as their
own spectroscopic studies. Recently important applica-
tion of the Rydberg atoms has been forwarded to detect
extremely low-power microwave photons in resonant
cavities: indeed the detection of each single microwave
photon in aresonant cavity with Rydberg atoms has been
utilized to search for dark matter axions in the Universe
[1-6]: in this scheme, the axion is first converted to
single photon in the strong magnetic field (Primakoff
process) and the microwave photons thus produced are
absorbed by Rydberg atoms passed through the cavity
and the excited Rydberg atoms are then selectively field-
ionized and detected (Rydberg-atom cavity detector).
The microwave power expected from the dark matter
axionsin the cavity is extremely small, lessthan 10-W.

One of the essential ingredients of the Rydberg-atom

cavity detector is the selective field ionization (SFI) sys-
tem. Specifically the cavity and the SFI system should be
cooled down to 10 mK rangein order to reduce the back-
ground thermal blackbody photons in the cavity, the
number of which is still comparable with the expected
axion-converted photon number. To our knowledge, no
SFI detectors usefull at such low temperature have been
developed so far.

The SFI detection system for the above requirement
was devel oped with a channel electron multiplier (CEM)
together with a dilution refrigerator of the modified Ox-
ford Kelvinox 300. Overall view of the detection system
isshowninFig.1. Thefield ionization electrode of afew
V/cm was located just outside of the microwave cavity,
which is attached to the bottom plate of the mixing cham-
ber of the dilution refrigerator, thus the cavity and the
SFI detector being able to be cooled down to 10 mK
range. Since the CEM dissipate much higher power
(more than mW) than the cooling power of the dilution
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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-
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Figure 1. Overall view of
the present system for the
field ionization electron de-
tector. Rydberg atoms
passed through the detec-
tion cavity are ionized at
the field ionization region
shown in the figure. Field
ionization electrode is set
inside of a Nb box located
at the mixing chamber plate
of adilution refrigerator of
12 mK temperature. The
ionized electrons are trans-
ported to the channel elec-
tron multiplier (CEM) at
the 1K pumping stage
-’(“Sbo"i;’;) through a series of ring-
at cold shield electrodes of 13 elements.
| | plate(som) All the ring electrodes are
surrounded by Nb pipes to
expel out the external
megnetic field (except the
earth's field). The simula-
tion of the electron trans-
_ port was done by taking
pelectve into account the earth's
fonization magnetic field as well as
Sfx') Nb pipes and other materi-
(12mK) als of ground potential.
Typical electron trajecto-
riesare shown in the figure.
Overall transport length of

channel electron
multiplier(CEM)
20K

il (0.86)
at still
plate

ring
electrode {f |

) negafive electrons is about 30 cm.
|electipde The Nb pipes are anchored

electron 5 [P e to the still plate (0.8K) and
trajectory i jonization the cold-shield plate at the

region heat exchanger region
(~50mK), respectively. The
CEM electron detector
(Channeltron) is heated up
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refrigerator, the CEM channeltron was located at the 1K
pumping stage which is about 30 cm apart from the mix-
ing chamber plate. Thus the ionized electrons resulting
from the field ionization process have to be transported
with good efficiency from the ionized point to the detec-
tor region. A series of ring electrodes was adopted to
transport electrons efficiently in the present system
where the available space for the trasportation is very
limited due to the structure of the dilution refrigerator
system.

Thering electrodes are set inside of two Nb pipes and
afieldionization box made of Nb, which are anchored to
the still plate (0.8K), cold-plate shielding stage at the
heat exchanger position (~50 mK), and the mixing cham-
ber stage (~10 mK), respectively. The Nb pipes and box
are chosen to expell out the external magnetic field to get

rid of the complicated electron trajectories due to the
strong external magnetic field applied for the axion con-
version into photons. The overall electron trajectory was
simulated with the ion trajectory code SIMION where all
the relevant materials including the surrounding ground
plates and the CEM detector potential were taken into
account. In Fig. 1 also shown are typical electron trajec-
tories.

Typical signal of the field-ionized electronsis shown
in Fig.2, where the ionized electrons were detected as a
function of the second laser wavelength to excite the
n=110 Rydberg states of Rb atoms. The overall detection
efficiency is 98 % at the lowest achieved temperature of
12 mK. Note that the CEM was heated up to ~ 20K in
order to get enough amplification gain of electrons.

Although this SFI system and the CEM electron de-
tector have been developed primarily for the dark matter
axion detection, this detection scheme is general and ap-
plicable to more broad research area.
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Figure 2. Typical field ionization signal of electrons from the
n=110 Rydberg states of Rb measured with the present detector
system at 12 mK temperature as a function of the second laser
wavelength. The Rb Rydberg states are produced with two-step

|aser excitation.
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Constructing Expression Pattern Database of Ascidian

MRNAS
Shuichi Kawashima

MAGEST is a database for ascidian, Halocynthia roretzi, maternal mRNASs that have been
newly identified by our cDNA project. We have collected 3' and 5' tag sequences of mRNASs
and their expression data from whole mount in situ hybridization in early embryo. To date we
determined more than 2,000 tag-sequences of Halocynthia roretzi cDNAs and deposited in
the public databases. The tag sequences and the expression data with additional information
can be obtained through MAGEST viathe World Wide Web at URL http://www.genome.ad.j p/

magest/.

keywords: maternal mRNA / Ascidian / Database / Bioinformatics

Fertilized eggs cleave many times to give rise to
multicellular organisms. Within embryos, embryonic
blastomeres devel op into various types of tissues such as
epidermis, muscles and nervous systems. In the processes
of early embryogenesis, maternal factors stored in the egg
cytoplasms are known to play various significant roles
(1). Since the last century, ascidian egg has been well-
known as amosaic egg in which many blastomeresin the
early embryo differentiate autonomously. Recent works
have revealed that there exist cytoplasmic determinants
that direct formation of epidermis, muscle and endoderm
as well as cytoplasmic factors involved in axis
specification of the embryo and in gastrulation(2,3). In
addition, embryonic cell lineage is almost completely
revealed by intracellular marking (4). For these reasons,

we became interested in maternal mRNAS as candidates
for the cytoplasmic determinants and initiated a cDNA
project which collects MRNA tag-sequences and their
expression data. The information regarding gene
expression and localization isimportant for understanding
the outline of gene functions in developmental
mechanisms. Thus, we are constructing a database, named
MAGEST— Maboya the Japanese ascidian, (Halocynthia
roretzi) Gene Expression patterns and Sequence Tags—
for analysis of the data produced in our project.

CONTENTS OF MAGEST

Currently MAGEST contains two types of data: the 3’
and 5" ESTsby DNA sequencing and the gene expression
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The following is the current major activities of this facility.
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data by whole-mount in situ hybridization (WISH). Each
cDNA clone is given a unique gene code consisting of 6
alphanumerical characters. Thisgene code reflects our way
of handling plasmid DNAs by 384 (16 lines times 24
columns) well plate. For each clone, we remove cloning
vector sequences and ambiguous regions that contain
stretches of N (ambiguous nucleotide) from raw sequence
dataand register the processed sequencesinthe MAGEST
database. These sequences are used as query sequences
for BLAST homology searches against GenBank at the
nuceotide sequence level and also against nr-aa, whichis
a non-redundant protein sequence database constructed
from SWISS-PROT, PIR, PRF and GenPept (trunslated
GenBank), at the amino acid sequence level. Up to ten
entries above a given threshold are stored in MAGEST
and they can be retrieved from the original databases by
the DBGET/LinkDB system (5). All 3' EST sequences
are compared with each other to examine the numbers of
redundant genes. Because we use an unnormalized cDNA
library, redundant genes may be considered to reflect the
population of maternal mMRNAs. Based on these search
results, we annotate the EC number to a clone coding for
an enzyme. Using the EC numbers, these clones are linked
to the KEGG pathway map (6).

WISH was carried out for staged embryos to obtain
informations about localization and/or expression sites of
the clones during embryogenesis. We adopt three
developmental stages: the 8-cell stage, the 110-cell stage
and early tailbud (eTh) stage. At the 8-cell embryo, it is
easy to identify the orientation of the embryo along the
animal-vegetal and anterior-posterior axes which are
utilized to see the distribution of maternal RNAS. In the
110-cell embryo, the developmental cell fate of every
blastomere is almost completely restricted. The 110-cell
embryo is used to see lineage-specificity of gene
expression. In the eTb embryo, the basic body plan is
established. Embryo at this stage is used to see tissue-
specificity of gene expression. Many genes that are
isolated from the cDNA library are zygotically expressed,
and the data of both the maternal and/or the zygotic
expression pattern of these genes are registered in
MAGEST. We classify the expression data according to
each blastmere or tissue. We classify the expression data
according to each blastomere or tissue. This classification
is based on the cell lineage analysis in ascidian embryo
(4). A clone not showing a specific expression pattern is
classified as“overall” when it is expressed over the entire
embryo, or only “ISH_done” when no signal is detected.
We provide the original images of WISH in addition to
the classification data.

DATA RETRIEVAL SYSTEM

MAGEST is implemented in the Sybase relational
database system, is accessible through the WWW. Its CGI
programs are written in the Perl programming language
with Sybperl, a Sybase extension module to Perl.

We provide severa facilitiesfor dataretrieval. One can
retrieve the data by using keywords or by specifying an
entry identifier. A similar search can be performed against
the3 and 5" ESTsin MAGEST. In addition, we provide a
unique data retrieval system using our classification of
gene expression data derived from WISH.

FUTURE DIRECTIONS

In this project, we aim at all-inclusive and systematic
description of maternal transcripts of Japanese ascidian
fertilized eggs, H. roretzi: cDNA sequences from ca
10,000 different genes and their expression patterns during
embryogenesis. Currently we registered more than 2,000
cDNA clonesin the public databases. From a survey of
these data, we found several genesthat may play important
roles during early development. These clonesinclude key
elements for development such as some transcription
factors, signal transducing molecules, or RNA binding
proteins (7, 8, 9). Finally MAGEST will also enable usto
understand molecular mechanisms for establishment of
embryonic body plans of chordates and more generally
the evolution from invertebrate to vertebrate.
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Industry”

Monday 5 July 1999

Professor Evaristo Riande

Institute of Science and Technology of Polymers,
National Council of Scientific Research (CSIC),
Madrid, Spain

Theoretical Predictions of the Equilibrium and
Dynamic Dielectric Properties of Polymers
Thursday 30 September 1999

Professor John F. Brady

Division of Chemistry and Chemical Engineering,
Cadlifornia Ingtitute of Technology,

Pasadena, CA 91125, USA

Stress Relaxation in Colloidal Dispersions
Thursday 9 December 1999

Associate Professor Hervé Marand

Department of Chemistry and Materials Science and
Engineering, Virginia Polytechnic Institute and State
University, Virginia, USA

“Equilibrium Melting Temperature and Crystal Growth
Rate Analyses of Flexible Chain Polymers’

Friday 14 May 1999

Dr. Jozef Kristiak

Institute of Physics, Slovak Academy of Science, Slovak
Republic

“Does Positronium Feel Dynamics of Polymer Chains?’
Monday 21 June 1999

Professor Junji Watanabe

Department of Polymer Chemistry, Tokyo Institute of
Technology, Tokyo Japan

“Structure of Liquid Crystalline Polymers and their
Formation Processes’

Monday 6 September 1999

Professor David C. Bassett

J. J. Thomson Physical Laboratory, University of Reading,
Reading, UK

“Advanced Polyolefine Fibers and Self-Composites: New
Materials and New Science”
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Friday 10 September 1999

Professor Bernd Ewen

Max-Planck-Institute fur Polymerforschung, Mainz,
Germany

“Single and Many Chain Behaviour in Melts of Short
Chain Homopolymers and Related Binary Blends as
Observed by Static and Dynamic Neutron Scattering”
Friday 29 October 1999

Professor Francisco J. Balta Callgja

Consejo Superior de Investigaciones Cientificas, Madrid,
Spain

“Application of Synchrotron Radiation to Time-Resolved
Scattering of Polymers’

Monday 1 November 1999

Professor Chi Wu

Department of Chemistry, The Chinese University of Hong
Kong, Shatin, N. T. Hong Kong

“Internal Motion of Linear Chains and Spherical
Microgelsin Solution”

Tuesday 2 November 1999

Professor Hajime Tanaka

Institute of Industrial Science, University of Tokyo, Tokyo,
Japan

“Slow Dynamicsin Complex Fluids”

Thursday 16 November 1999

Professor Yoshio Inoue

Tokyo Ingtitute of Technology, Japan

“Structure, Properties, and Biodegradation of Bacterial
Polyesters’

Monday 18 January 1999

Dr. Giichi Tanabe

National Institute of Materials and Chemica Research,
Japan

“Possihilities of Polysilanes as Advanced Materias’
Thursday 11 March 1999

Professor Toshio Nishi

The University of Tokyo, Japan

“Structure Formation in Crystalline Polymer Blends”
Tuesday 16 March 1999

Prof. Eduardo Humeres

Universidade Federal de Santa Catarina
“Supermolecular Catalysis by Water Induced by
Polysaccharides. p-Nitrobenzyl Amyloses Xanthate”
Monday 4 October 1999

Dr. Andrew K. Wittaker

University of Queensland, Australia

“NMR and MRI Studies of Swellable Polymer Devices’
Monday 1 November 1999

Professor Dax Kukulf

University of Warwick, UK

“Snthesis of Functional Polymers by Living Radical
Polymerization”

Wednesday 3 February 1999

Professor Kanji Kajiwara
Faculty of Engineering and Design, Kyoto Institute of

Technology, Kyoto, Japan
“ Structure Formation of Glycopolymersin Solution”
Friday 26 February 1999

Professor Krzysztof Matyjaszewski

Carnegie Mellon University, USA

“Comparison of Several Controlled Radical
Polymerization Systems’

Wednesday 21 July 1999

Professor Leonardus W. Jenneskens

Utrecht University, Utrecht, The Netherlands

“The Case of Imperfect Combustion; (non)-Alternant
PAH, Soot and Carbon Allotropes”

Thursday 20 May 1999

Professor Yves Rubin

Department of Chemistry and Biochemistry, University
of California, LosAngeles,

LosAngeles, U.SA.

“Very Recent Advances in the Chemistry of C_ and
Approaches to Endohedral Metallofullerenes’

Saturday 5 June 1999

Professor Herbert Mayr

Department of Organic Chemistry, Ludwig Maximilians
University of Munich, Munich, Germany

“Reactivity Scales for Predicting Polar Organic and
Organometallic Reactions’

Thursday 14 October 1999

Professor Philip E. Eaton

Department of Chemistry, University of Chicago, Chicago,
U.SA.

“Octanitrocubane: Challenge and Rewards’

Thursday 21 October 1999

Professor Yitzhak Apeloig

Technion-Israel Ingtitute of Technology, Israel
“Low-coordination Silicon Compounds. Experiment and
Theory”

(mostly about silylene, disilenes, triple bouds and silyl
radicals)

Monday 12 April 1999

Professor Dainis Dakternieks

Deakin University, Australia

“Qrganotin Chemistry - Pathwaysto New Materials and
Chirotechnology”

Wednesday 21April 1999

Professor Michael Brook

McMaster University, Canada

“New Materials from Silicones and Biopolymers’
Tuesday 1 June 1999

Professor Peter Jutzi

University Bielefelt, Germany
“Cyclopendadienyl fi Metal Complexes’
Tuesday 1 June 1999

Professor Robert West

University of Wisconsin, Madison, USA
“Low-Coordinate Silicon Compounds - Some Recent
Results’

Tuesday 1 June 1999



Professor Emeritus Akira Nakamura

Osaka University, Osaka, Japan

“Polymerization of Olefins Catalyzed by Organotantalum
Compounds’

Monday 21 June 1999

Professor Konrad Seppelt

Free University, Berlin

“Small Molecules Made from Electronegative Elements’
Thursday 30 September 1999

Professor Guy Bertrand

Paul Sabatier University, France

“ Stable Carbenes and Related Species’
Thursday 7 October 1999

Professor Yoshito Tobe

Department of Fundamental Chemical Engineering, Osaka
University

“ Enthal py-Entropy Compensation in Chiral Molecular
Recognition”

Tuesday 12 January 1999

Professor Kenji Koga

Nara Institute of Science and Technology

“Synthesis of Lithium Amide and Approach to
Asymmetric Catalysis’

Thursday 4 February 1999

Professor Masahiro Hirama

Graduate School of Science, Tohoku University
“Paramagnetic Chromoprotein Antibiotics Mechanism
and Synthesis”

Tuesday 16 March 1999

Professor Mugio Nishizawa

Faculty of Pharmaceutical Sciences, Tokushima Bunri
University

“Olefin Cyclization Using Mercury Triflate”

Tuesday 16 March 1999

Associate Professor Katsuhiko Tomooka

Department of Chemical Engineering, Tokyo Institute of
Technology

“Development and Progress in Carbanion [1,2]-
Rearrangement”

Friday 23 April 1999

Professor Gerrit-Jan Koomen

University of Amsterdam

“Biomimetic Synthesis of Nitraria Alkaloids’
Thursday 27 May 1999

Professor Peter M -tyus

Semmelweis University, Hungary

“Synthesis of Novel 4,5-Fused Pyridazineswith Biological
Interest”

Saturday 29 May 1999

Dr. Ganesh Pandey

National Chemical Laboratory, India

“Newer Synthetic Designs Involving Non-Stabilized
AzomethineYlides’

Tuesday 5 October 1999

Professor Volker Jager
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University of Stuttgart, Germany

“Synthesis of New Carbo-and Heterocyclic Structures and
Their Biological Evaluation as Glyosidase Inhibitors”
Thursday 11 November 1999

Professor Daniel Bellus

Fribourg University, Germany

“Synthetic Successes and Surprises with Cyclobutane’
Friday 26 November 1999

Dr. Michel Miesch

Directeur de Recherche CNRS, Strasbourg, France
“Strain Assisted Total Synthesis of Natural Products’
Friday 26 November 1999

Professor Yoshimitsu Nagao

Faculty of Pharmaceutical Science, The University of
Tokushima

“Development of New Reactions and Medicines based
on Non-covalent I nteractions”

Wednesday 15 December 1999

Professor Hiroshi Terada

Faculty of Pharmaceutical Science, The University of
Tokushima

“Dynamics of Transmitting Fuction of Transporter and
its Mechanism for Recognition of Medicines’
Wednesday 15 December 1999

Prof. K. S. Feldman
Pennsylvania State Univeristy
“Ellagitannin Chemistry”
Friday 9 April 1999

Dr. Roland Furstoss

CNRS, Marseille, France

“Biocatalysisin fine organic synthesis: some illustrative
applications’

Monday 15 November1999

Professor Joanna Strosznajder

Laboratory of Cellular Signaling, Medical Research
Center, Polish Academy of Sciences,Warsaw, Poland
“Nitric Oxide in Adult and Aged Brain: Effect of AR"
Wednesday 17 March 1999

Dr. Robert Strosznajder

Department of Neurophysiology, Medical Research
Center, Polish Academy of Sciences,Warsaw, Poland
“Aggregated beta amyloid 1-40 decreases Ca?* and
cholinergic receptor-mediated phosphoinositides
degradationby alteration of membrane and cytosolic
phospholipase C in brain cortex”

Wednesday 21 April 1999

Dr. Yoshihiko Hirose

Pharmaceutical Enzyme Division, Amano Pharmaceutical
Co., Ltd. Japan

“Approach towards the Applications of Biocatalytic
Reactions’

Monday 18 January 1999

Professor Peter Schreier

Department of Food Chemistry, University of Wiizburg,
Germany

"Biocatalysis and Flavour Formation”
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Monday 6 September 1999

Professor Taichi Usui

Department of Agriculture, Shizuoka University, Japan
“Glycotechnological Studies on Oligosaccharide-Chain
Library Preparation and Their Functionalization”
Monday 27 September 1999

Professor Yutaka Ebizuka

Graduate School of Pharmaceutical Sciences, The
University of Tokyo, Japan

“Structure and Function of Synthetic Enzymes of Natural
Products’

Friday 10 December 1999

Professor Shigeo Yoshida

Plant Functions L aboratory, The Institute of Physical and
Chemical Research (RIKEN)

“Prospects for the Plant Regulation Science Towards the
21% Century”

Monday 20 December 1999

Professor Jennifer Littlechild

University of Exeter, UK

Structural Studies on Enzymes Important in
Biotransformation Reactions

Saturday 5 June 1999

Dr. Jiri Damborsky

Masaryk University, Czech Republic

“Application of Computer Modelling and Bioinformatics
for Study of the Microbial Degradation of Xenobiotic
Compounds’

Friday 15 October 1999

Professor Chris Bowler

Molecular Plant Biology Laboratory, Stazione Zoologica,
Napoli, Italy

“Molecular Genetic Dissection of Light Signal

Transduction in Tomato”
Wednesday 18 February 1999

Dr. Tamaki Watanabe

High Energy Accelerator Research Organization (KEK),
Japan

“Heavy lon Cooler Storage Ring, TARN I1”

Wednesday 6 January 1999

Professor Satoru Yamada

National Institute of Radiological Sciences, Japan
“HIMAC and Related Science”

Thursday 21 January 1999

Dr. Kimikazu Sasa

Research Laboratory for Nuclear Reactors, Tokyo Ingtitute
of Technology, Japan

“Plasma Generation by High Intensity lon Beam using
RFQ Linac”

Wednesday 24 February 1999

Professor Kazuhisa Nakajima

High Energy Accelerator Research Organization (KEK),
Japan

“High Brightness laser and Beam-Plasma I nteraction”
Wednesday 30 June 1999

Thursday 1 July 1999

Dr. Jean- Michel Lagniel

CEA- Saclay, DSM/ DAPNIA/ SEA, France
“High Intensity Linac Studiesin France”
Thursday 9 September 1999

Dr. Eric Esarey

Lawrence Berkeley National Laboratory, USA

“Laser synchrotron light via Thomson scattering and
applications’

Wednesday 20 October 1999
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MEETINGSAND SYMPOSIUMS

Germany-Japan Joint Seminar on Polymer
Materials
29 September 1999

New materials viaring opening polymerization
H. Hocker
Technische Hochschule Aachen

Rotaxanes with Cucurbituril and a-cyclodextrin
E. Schollmeyer
Deutsches Textilforschungszentrum Nord-West e.V.

New polymer materials synthesized by controlled radi-
cal polymerizations

T. Fukuda

ICR, Kyoto University

New inisurfs and surfmers for core-shell particles
H.-J. P Adler
Technische Universitdt Dresden

Dynamical heterogeneity of amorphous polymers
T. Kanaya
ICR, Kyoto University

Association of AB-blockcopolymers in nematic sol-

vents
H. Finkelmann
Universitét Freiburg

. Rheology of diblock copolymer micelles

H. Watanabe
ICR, Kyoto University

. Layered silicates: anisotropic fillers for improved

mechanical properties of polymers
W. Gronski
Universitét Freiburg

. Fine structuresin crystalline polymer materialsasre-

vealed by transmission electron microscopy
M. Tsuji
ICR, Kyoto University

10. Structure and properties of blown cellulose films

H.-P. Fink
Fraunhofer Institut Angewandte Polymerforschung

11. Mélt spinning - a special process of polymer process-

ing under different view points
R. Beyreuther
Ingtitut fur Polymerforschung Dresden
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THESES

YAMAGUCHI, Koichiro

D Sc, Kyoto University

“Theregularization of the basic x-ray absorption spectrum
fine structure equation via the wavel et-Gal erkin method”
Supervisor: Professor Mukoyama T

Tuesday 23 March 1999

Osawa, Daisuke

D Sc, Kyoto University

“K-shell internal ionization and excitation in b decay of
358"

Supervisor: Professor Mukoyama T

Wednesday 24 November 1999

IRIE, Satoshi

D Sc, Kyoto University

"The Effects of Molecular Shape on Organic Monolayer
Epitaxy"

Supervisor: Professor Kobayashi T

24 May 1999

KAWASAKI, Shuji

D Sc, Kyoto University

"High Pressure Synthesis and Physical Properties of Fe*-
containing Perovskite Type Oxide with Charge-transfer
type Electronic structure"

Supervisor: Professor Takano M

23 March 1999

SAKIDA, Shinichi

D Eng, Kyoto University

“Studies on Structure of Tellurite Glasses”
Supervisor: Yoko T

23 March 1999

OHNO, Kohji

D Eng, Kyoto University

“Synthesis and Properties of Novel Types of
Glycopolymers’

Supervisor: Professor Miyamoto T

23 March 1999

YAMADA, Kenji

D Eng, Kyoto University

“Controlled Synthesis of Glycopolymers by Living
Polymerization Techniques”

Supervisor: Professor Miyamoto T

23 March 1999

TSUBAKI, Kazunori

D Pharm Sci, Kyoto University

“Creation of Functional Molecules Possessing Cyclic
Polyether Moiety”

Supervisor: Professor Fuji K

25 January 1999

WATANABE, Toshiyuki

“Studies on Asymmetric Olefination Using Optically
Active Phosphonate Reagents’

Supervisor: Professor Fuji K

23 March 1998

TANAKA, Akira
“Syntheses and Structure-Activity Relationship of New

Type of ACAT Inhibitors”
Supervisor: Fuji K
24 September 1998

HIDA, Kouichi

D Sc, Kyoto University

"Synthesis of Optically Active Alcohols Using Reductase
from Bakers Yeast"

Supervisor: Associate Professor Nakamura K

23 July 1999

KEURA, Yoshinori

D Pharm Sci, Kyoto University

“Studies on Syntheses and Stereochemistry of New
Inhibitors of Tachykinun NK, Receptor”

Supervisor. Professor SugiuraY

25 January 1999

INOUE, Teruhiko

D Pharm Sci, Kyoto University

“Chemical Clarification and Model Assembly of Cellular
Signal Transmission and Transcription Reaction”
Supervisor, Professor SugiuraY

23 March 1999

AIZAWA, Yasunori

D Pharm Sci, Kyoto University

“Recognition Mechaniom of DNA Swquences by Dimer
Proteins’

Supervisor, Professor SugiuraY

23 March 1999

KUSAKABE, Tetsuya

D Pharm Sci, Kyoto University

“DNA Recognition and Strand Scission by Enediyne
Antitumor Antibiotic Dynemicin A”

Supervisor. Professor SugiuraY

24 May 1999

SATAKE, Honoo

D Pharm Sci, Kyoto University

“Gene Sequences and Gene Expression of Bioactive
Peptides from Mollusca and Annelida”

Supervisor. Professor SugiuraY

24 November 1999

ASADA, Shinichi

D Med, Kyoto University

“The Effect of HSP47 on Prolyl 4-hydroxylation of
Collagen Model Peptides’

Supervisor: Professor Nagata K

24 September 1999

NISHIYAMA, Akira

D Med, Kyoto University

“Identification of Thioredoxin-Binding Protein 2/Vitamin
D, Up-regulated Protein 1 as a Negative Regulator of
Thioredoxin Function and Expression”

Supervisor: Professor Yodoi J

24 November 1999

FUCHIKAMI, Yoshihiro
Enzymological Studies of Fragmentary D-Amino Acid
Aminotransferases



D Agr, Kyoto University
Supervisor: Professor Esaki N
23 July 1999

MIHARA, Hisaaki

Enzymological Studies of Cysteine Desulfurase and
Selenocysteine Lyase

D Agr, Kyoto University

Supervisor: Professor Esaki N

24 September 1999

WATANABE, Akira

Mechanistic Studies of Alanine Racemase from Bacillus
stearothermophilus

D Agr, Kyoto University

Supervisor: Professor Esaki N

24 September 1999
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KIHARA, Daisuke

D Sci, Kyoto University

Development of Method for Predicting Membrane
Proteins and Analysis of Their Distribution in Genomes
Supervisor: Professor KanehisaM

24 May 1999

WATANABE, Tamaki

D Sci, Kyoto University

“Study of Beam Orbit and Development of High
Sensitivity Beam-Position Monitor for Orbit Correction
at the Heavy lon Cooler Synchrotron TARN 17
Supervisor: Professor Noda A

23 March 1999
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Obituary

Professor Emeritus
Dr. Waichiro Tsuji (1911 - 1999)

Professor Dr. Waichiro Tsuji, Professor Emeritus of
Kyoto University passed away on January 27, 1999 in
Kyoto.

Dr. Tsuji was born on February 24, 1911 in Kyoto. He
entered the Department of Mechanical Engineering, Fac-
ulty of Engineering, Kyoto Imperial University in 1932,
and moved to the Department of Industrial Chemistry,
Faculty of Engineering in 1935. After the graduation, he
went to the Graduate School of Engineering, and got a
Doctor degree of Engineering from Kyoto University in
1948. Dr. Tsuji was appointed to Associate Professor of
a newly founded Department, the Department of Fiber
Chemistry, Faculty of Engineering, Kyoto Imperial Uni-
versity in 1945, and promoted to a full Professor of the
Institute for Chemical Research, Kyoto University in 1950
to direct the Laboratory of Fiber Chemistry (presently the
Laboratory of Polymer Material Science, Division of Fun-
damental Material Properties|l). From 1967 to 1970 he
was elected as the Director of the Institute for Chemical
Research, and greatly contributed to the administration
of the Ingtitute, especidly at the move of the Institute from
Takatsuki, Osakato Uji, Kyoto and in settling the campus
disturbances which occurred during this period. Here-
tired from Kyoto University in 1974, honored with the
title of Professor Emeritus of Kyoto University. After the
retirement, he moved to the Faculty of Home Economics
(presently the Graduate School of Human Environmental
Science), Mukogawa Women's University as afull Pro-
fessor in 1974. Hewas elected as the Dean of the Faculty
in 1976, and the Chair of the Graduate School of Human
Economicsin 1982. Dr. Tsuji retired from Mukogawa
Women’s University in 1984.

His research field was mainly concerned with fiber
chemistry and polymer chemistry. He started his scien-
tific life as a student in the laboratory of Professor Ichiro
Sakuradain 1939. At that time Professor Sakurada and
his collaborators succeeded in preparing water-insoluble
poly(vinyl acohal) (PVA) fiber, which was given the gen-
eral name ‘vinylon’ in Japan in 1948 and later named *vi-
nal’ in the United States. 1n the beginning, therefore, his

research was closely related to vinylon. First, heimproved
thevinylon fiber and devel oped amodified vinylon, named
vinylon S. Then he invented an emulsion-mixture spin-
ning method where PVA is used as one component to pro-
duce atwo component composite fiber; using this method
afireretardant fiber of PVA and poly(vinyl chloride) mix-
ture was later developed and industrially produced. He
also invented and developed membranes and fibers of
polyelectrolyte complex. Furthermore, his research was
extended to improvement of properties of fibers. He suc-
ceeded in improving several natural fibers by chemical
modifications, developing an amorphizing method of fi-
bers, providing hydrophilic properties to hydrophobic fi-
bers by a graft-polymerization method and modifying fi-
bers by chemical cross-linking. In order to test proper-
ties of those fibers and fabrics, he developed several test-
ing machines as well; of these, arotational drum type
measuring instrument of electrostatic propensity is note-
worthy, which is still how used as a standard testing
method in the Japan Industrial Standard (J1S).

Dr. Tsuji devoted himself to the Society of Fiber Sci-
ence and Technology, Japan. He served as the Manager
of Kansai Branch from 1964 to 1972, and then he was
elected as the Vice-President of the Society from 1970 to
1972 and asthe President from 1972 to 1974. During this
period, he organized two investigating commissions as
Coordinator, “ Study Team of European Chemical Fibers
(1971)” and “ Study Team of European Non-Woven Fab-
ric Technology (1973)". Dr. Tsuji participated in estab-
lishing the Kansai Branch of the Society of Polymer Sci-
ence, Japan, serving as the Vice-Manager from 1952 to
1963. He was also elected as the Vice-President of the
Adhesion Society of Japan from 1965 to 1968. Owing to
these efforts, he won the Award for Distinguished Ser-
vice from the Society of Fiber Science and Technology,
Japan in 1980 and also from the Adhesion Society of Ja-
pan in 1983. Dr. Tsuji was awarded the Second Class of
the Order of the Sacred Treasure for his great academic
and educational contributionsin 1983.



Retirement

Professor Takeshi Mukoyama

(Atomic and Molecular Physics, Division of

States and Structure)

On the 31st of March, 2000, Dr.Takeshi Mukoyama
retired from Kyoto University after 35 years of serviceto
the University and was honored with the title of Professor
Emeritus of Kyoto University.

Dr.Mukoyama was born in Hyogo on the 21th of Feb-
ruary, 1937. After graduation from Faculty of Science,
Kyoto University in 1959, he continued his studies as a
graduate student of the Department of Nuclear Engineer-
ing, Faculty of Engineering. He was employed by the
Sumitomo Electric Industries, Co. Ltd for 2 years from
1962. 1n 1964, he was appointed an instructor of the Labo-
ratory of Nuclear Radiation, Institute for Chemical Re-
search, Kyoto University. Under the supervision of the
Emeritus Professor Sakae Shimizu, he was granted adoc-
toral degree from Kyoto University in 1969 for his stud-
ies on RadiationlessAnnihilation of Positrons. On aleave
of absence in the year 1977 to 1978, he worked on the
Experimental Study of 1on-Atom Collisions in coopera-
tion with Professor D.Berenyi at Institute for Nuclear Re-
search of the Hungarian Academy of Sciences (ATOMKI)
in Hungary. 1n 1988, Dr.Mukoyama was appointed full
Professor of Kyoto University and directed the Labora-
tory of Nuclear Radiation (present name, States and Struc-
turel), Institute for Chemical Research. Hetook part in
Japan-US collaboration on ion-atom collisions and was a
principal investigator of Japan-Hungarian collaboration
on inner-shell ionization phenomena. He chaired the X VI
International Symposium on lon - Atom Collision, 1999.
At the Graduate School of Science, Kyoto University, he
gave lectures on High Energy Atomic Spectroscopy and
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supervised the dissertation works of many graduate stu-
dents. His sincere and warmhearted character has been
admired by his friends, colleagues and students.

During the past 35 years, his research interest encom-
passed awide array of atomic physics, radiation physics,
and molecular physics. His contribution to the Institute
through both academic and administrative activities is
hereby gratefully acknowledged, and his academic
achievements are briefly described below.

Following his early studies on the interaction between
atomic electrons and nucleus, he worked on positron an-
nihilation with K-shell electrons, inner-shell ionization
processes in atoms and molecules, ion-atom collisions,
and chemical effect in x-ray spectra. He developed a
theory which includes exactly the relativistic effect in or-
der to calculate the probability of inner-shell ionization
by atomic collisions in heavy elements. Moreover, he
quantitatively explained the experimental data with the
aid of his developed theory by taking into account of the
higher-order processes.

He studied chemical effectsin the x-ray spectra, espe-
cialy the KB:Ka x-ray intensity ratiosin Mn and Cr com-
pounds, both theoretically and experimentally. From the
observed and cal culated results, he first suggested that
the difference of the coordination numbers around metal
ions affects the K3:Ka ratios for the compounds.

Owing to his international academic efforts, he was
honored with the Degree of Honorary Doctor (Doctor
Honoris Causa) of Lajos Kossuth University in Hungary
in 1994.
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