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The chemical structure shown on the front cover

represents cellulose which is a raw material of Viscose

Rayon, the first man-made fiber.

In the late 1930s, during the course of studies being

made of the development of a new two-bath stretch

spinning process of viscose fibers, the late professor

Masao Horio and his collaborators succeeded in

producing a viscose rayon staple with a fine crimp

similar to that of wool at the Horio Laboratory of the

Institute, Takatsuki, Osaka (at that time).  The cross

section of crimped rayon staple can be distinguished with

two different parts by a boundary line x, as shown in Fig.

1 a and b. The upper part A shows finer serrations and is

characterized by a thick skin.  On the other hand, the

                                       a                                                                   b

Fig 1. (a) Cross section of standard crimped rayon staple. (b) Schematic representation of a cross section of a standard
crimped staple. x = boundary line.

serrations of the lower part B are coarser and deeply

notched, and the skin is thinner.  Such a structure they

called “bilateral structure”.  The motive force of the

crimp formation is the coiling nature of fibers coming

from the bilateral structure.  The total shipment of rayon

staple of Japan in 1963 was 284,000 tons, of which about

186,000 tons were the crimped staple manufactured by

the process developed by Horio et al.

Wool is a typical bilateral fiber which is composed of

an acidic part (para-cortex) and a basic part (ortho-

cortex) (Fig 2).  This dichotomy of the wool fiber was

also first realized by Horio et al., although later these

terms were more generally called as “paracortex” and

“orthocortex”.

Front cover: Historical remarks to the Institute for

Chemical research(ICR)

Fig 2. Differentially stained cross section of a wool fiber by Janus Green.  DA : Dye-accessible (paracortex), Non-DA
: Non-dye-accessible (orthocortex).
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100 years has passed since the establishment of Kyoto University. Various events to celebrate the

centenary of the University have been held in 1997. As a part of the program, open house of research

institutes in Uji campus has been carried out in November, for the first time.

Now the second century of the University has started. 13 research instututes are belonging to

Kyoto University, and among them the Institute for Chemical Research (ICR) has the longest history

and the greatest number of research staffs. ICR is expected to act as a leader of research institutions

in the new era of the University. This booklet is the 1997 edition of the ICR Annual Report including

the summaries of the scientific works by 27 laboratories in 1997, and the list of publications of the

research staffs. It is recognized that the activities of ICR cover very extensive fields. Currently, 26

full professors, 23 associate professors and 47 instructors are working in the ICR. At the end of

March, 1997, Professor Y.Bando of the Solid State Chemistry Laboratory has retired and Professor

J.Oda of the Function Molecular Conversion Laboratory will retire in March, 1998. The selection

of the successors is now in the course.

Each professor in ICR is belonging to one of the graduate schools of Science, Medicine,

Pharmaceutical Sciences, Engineering and Agriculture. Namely, ICR is accepting graduate students

from these 5 schools and the total number of graduate students in 1997 has attained to 220. This is

an evidence that ICR is covering very broad research fields. ICR is offering an ideal circumstance

for young scientists to cultivate their abilities for research by contacting with experts in other fields.

ICR has organized an international symposium, International Colloquium on Magnetic Films

and Surfaces held at Sunshine Coast, Australia, in August 4-8, 1997. T.Shinjo has served as the

chairperson of the organizers. From 20 countries in the world, 170 scientists, including 60 Japanese,

have attended. Participants have enjoyed the exciting discussions on recent topics in thin film

magnetism. Two Research Projects on Priority Areas sponsored by Monbusho has started in 1997,

of which leaders are professors of ICR, K.Tamao and T.Shinjo. The titles of projects are "The

Chemistry of Inter-element Linkage" and "Nanoscale Magnetism and Transport."

It is a pleasure for me to inform that a new building of ICR is now under construction and will be

completed by the end of this year. The new building with the area of about 900m2 will be used by

several groups and also be able to supply the spaces for pioneering joint works. The new laboratories

will be utilized to promote collaborations in the Institute and also those with outside people. Fruitful

results obtained using this new atmosphere will be introduced in forthcoming issues of this Report.

Teruya SHINJO

January,1998 DIRECTOR
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Detailed L Emission Spectra and Satellites  of 74W

Aurel-Mihai Vlaicu, Tatsunori Tochio, Takashi Ishizuka,
Daisuke Ohsawa, Yoshiaki Ito, and Takeshi Mukoyama

The Lα and Lβ spectra of tungsten were measured using a high resolution single crystal x-ray spectrometerand

were fitted into Lorentzians. The fit residuals of the Lα and Lβ spectra indicate satellites in the vicinity of each

spectrum, which are originated from Coster-Kronig transitions. Linewidths, energies, and intensities were esti-

mated for each diagram line.

Keywords : Lα,β  satellite lines/ Coster-Kronig transition / spectator hole / natural linewidth / multiplet

fitting/

It is generally difficult to analyse L x-ray emission spec-
tra induced by electron impact because all the three L
subshells can be ionized and the redistribution of initial
vacancies due to Coster-Kronig transitions produce ad-
ditional inner-shell vacancies. The existence of two or
more holes in atomic inner shells gives rise to satellite
lines with energies which are shifted from the diagram
lines. The study of L x-ray satellites in high-Z elements
has not been performed by many workers. There have
been reported only a few papers on tungsten 

74
W [1,2,3]

for the last 20 years. The widths of some L x-ray lines of
W were measured as  part of a  program for compiling
the L series linewidths in heavy elements [4,5,6]. They
suggested that the disagreement between theory and ex-
periment without the analysis of hidden satellites was due
to the large values of M- and N- subshells partial widths
reported in the work of McGuire [7].

In the present study, we investigated the line width,
energies and intensities including satellites of  W Lα,β
emission lines generated by electron bombardment using
a single-crystal high resolution x-ray spectrometer for the

STATES AND STRUCTURE  — Atomic and Molecular Physics —

Scope of Research
In order to obtain fundamental information on the property and structure of materials, the 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.

Professor
MUKOYAMA,

Takeshi
(D Eng)

Assoc. Prof
ITO, Yoshiaki

(D Sc)

Instructor
KATANO, Rintaro

(D Eng)

Instructor
NAKAMATSU,
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evaluation on the correctness of the theoretical calcula-
tion of different types of transition rates.

The tungsten L spectral lines were excited by electron
bombardment in a rotating anode at tube voltage of 49
kV and 150-180 mA. The spectral measurements  were
carried out with a single-crystal spectrometer with sym-
metrical Si(440), Si(444) and Ge (444) perfect crystals
in which x-ray topography showed no dislocation. A
double slit collimator of 100 mm length and  the vertical
width of 10 or 20 mm was used for the measurement.

The natural linewidths (Γ
n
) of the emission spectra were

evaluated from the measured spectral linewidths (Γ
o
) in-

cluding the energy dispersion due to the slit (δE
slit

) and
the crystal (δE

crystal
), as follows:

Γ
nat

(n) = Γ
obs

(n)  - (δE
slit

 + δE
crystal

)(n)

where (n) is the correction parameter, which was de-
termined for each spectral line by numerically solving
the above equations using two different experimental con-
ditions of collimator slit or Bragg reflection. The obtained
correction parameter (n) values between 1.4 < n < 1.6
were considered as reasonable in our experiment.



ICR Annual Report, Vol. 4, 1997 5

    The natural width of an x-ray line originated from a
transition from an atomic level (A) to a level (B) is repre-
sented as the sum of the width of the initial and final lev-
els:    Γ(A→B) = Γ(A) +Γ(B)

     Theoretical values of natural width of atomic va-
cancy states were reported for L-shell [8], and M-shell
[8] using the relativistic calculations, and for N-shell with
nonrelativistic calculations [9].

    The relative intensities of  Coster-Kronig satellite
transitions are calculated assuming that the radiative tran-
sition rate ω

i=1,2,3
 has the same value for single vacancy

states and multiple vacancy states. For the transitions to
the initial vacancy state L

2
, the relative intensities of  the

spectator hole satellite lines to the diagram line  can be
calculated as follows:

Is(L
2
)=(σ

1
 /σ

2
) f

1,2 
P(L

1
L

2
X)

where σ
i=1,2,3

 is the ionization cross section by elec-
trons for the L

i
 subshell;  f

i,j
 is the partial Coster-Kronig

transition probability from L
i
 to L

j
 level; P(L

i
L

j
X) is the

probability of the radiationless transition L
i
→L

j
X, for

which the double vacancy state L
j
X is created, where X is

either M or N shell. In the transitions to the initial va-
cancy state L

3
, there are two possible Coster-Kronig tran-

sitions: L
1
→L

3
X and  L

2
→L

3
X. The relative intensities of

the spectator hole satellite lines to the diagram line  has
two terms:

Is(L
3
) = (σ

1
 /σ

3
) f

1,3
 P(L

1
L

3
X) + (σ

2
 /σ

3
) f

2,3
 P(L

2
L

3
X).

We used for ω
i
 the values reported by Krause [10], for

σ
i
 the values reported by Reusch [11] for 

73
Ta at 50 kV,

and for P(L
i
L

j
X) the values reported by Chen et al. [12].

     In Table 1 we compare our results with the previ-
ous experimental values by Salem et al.[4,5]. The values
derived from theoretical linewidth as the sum of the two
levels involved in the transition are shown for a compari-
son with the experimental values obtained with the mul-
tiplet fitting method by Deutsch et al. [13] by consider-
ing the satellite structure: the relative intensities and the
relative energy position of the satellite lines to the dia-
gram lines were fixed in the fitting. The energies  of the
satellites were taken from the table by Parente [14].

       In the transitions involving L-shell levels and M-
shell levels, such as Lα

1
 , Lα

2
, Lβ

1
, Lβ

3
, and Lβ

4
, we have

a good agreement between the values obtained by mul-
tiplet fitting and the theoretical values which are obtained
using the relativistic calculations. On the other hand, for
the transitions involving L-shell levels and N-shell lev-
els, such as Lβ

2
 , Lβ

15
 , Lγ

1
, the widths obtained from theo-

retical calculations are all larger than those from the ex-
periments, the difference being between 2.7 eV and 3.3

eV. This disagreement between theory and experiment
for L

i
→N

j
 transitions can be attributed  to the values for

the N shell vacancy states obtained from nonrelativistic
calculations. Although Gokhale et al. [6] and Salem &
Lee [4] also suggested

this, they did not considered the satellite structure for
each spectra.

      The relative intensities derived from the radiative
transition probabilities published by  Scofield [15] are
shown in  Table 1 together with the experimental values
reported by Salem et.al  and  our experimental values
obtained by single Lorentzian fitting.

    The structure left in the residue of fitting by using
single Lorentzians may be attributed to the presence of
the hidden satellites. Even after considering the satellite
structure, by using the multiplet fitting, there still remains
some structure in the residue. This situation has appeared
for all analysed spectra, excluding Lβ

2,15
, when the resi-

due was completely solved. This can be due to the fact
that we could not include in the multiplet fitting model
the contribution of the: O and P shell spectator hole, and
the shake-off processes.

References
[1] L.Salgueiro, M.L.Carvalho, and F.Parente,  Journal

de Physique, colloque C9, 48, 609 (1987)
[2] A.N.Nigam, R.B.Mathur Chemical Physiscs Letters

28, 41 (1974)
[3] A.N.Nigam, R.B.Mathur, and R.Jain, J.Phys.B7, 2489
[4] S.I.Salem, and P.L.Lee, Phys.Rev.A10, 2033 (1974)
[5] S.I.Salem, S.L.Panossian, and R.A.Krause,  At. Data

Nucl. Data Tables 14, 91 (1974)
[6] B.G.Gokhale et. al, Phys.Rev.A28, 858 (1983)
[7] E.J.McGuire,  Phys.Rev.A5, 1043 (1972); A6, 851

(1972); A10 13 (1974)
[8] M.S.Chen, B.Crasemann, and H.Mark, Phys.Rev.A24,

177 (1981); A27, 2989 (1983); A21, 449 (1980)
[9] E.J.McGuire,  Phys.Rev.A9, 1840 (1974)
[10] M.O.Krause,  J.Phys.Chem.Ref.Data  8, 307 (1979)
[11] S.Reusch, H.Genz, W.Low, A.Richter,  Z.Phys.D3,

no.4, 379 (1986)
[12] M.H.Chen, B.Crasemann, H.Mark, M.Aoyagi, and

H.Mark, At.Data and Nuclear Data Tables, 24, 13
(1979)

[13] M.Deutsch, G.H"olzer, J.H"artwig, J.Wolf,
M.Fritsch, and E.F"orster, Phys.Rev.A51, 283 (1995)

[14] F.Parente,  At.Data Nucl.Data Tables 26, 383 (1981)
[15] J.H.Scofield,  At. Data Nucl. Data Tables  14, 121

(1974)

Table 1
Line Transition Linewidth Relative Intensity

Experimental                     Theoretical Theoretical Experiment

Salem Present ( n corr.) Γi Γf Γi+Γf Multiplet Scofield Salem Present

[eV] work [eV] [eV] [eV] fitting      work

WLα
1

L3-M5 7.84 7.022 (1.33) 4.812 1.795 6.607 6.675 100 100 100

WLα
2

L3-M4 5.27 7.27 (2.25) 4.812 1.868 6.680 6.784  11.34  11.16 11.43

WLβ2 L3-N5 9.26 10.572 (1.603) 4.812 7.720 12.53 9.616  17.74 -      20.79

WLβ
15

L3-N4   - 7.73 (1.65*) 4.812 7.89 12.70 9.43  1.98  -  1.55

WL β
2,15

19.64 22.74 22.34

WLβ6 L3-N1 - 11.65 - 4.812 15.00 19.81 -  1.246  1.25  1.25

WLβ
1

L2-M4 7.82 6.941 (1.54) 4.821 1.868 6.689 6.620  100  100  100

WLγ
1

L2-N4 10.20 10.626 (1.96) 4.821 7.89 12.71 10.07  18.61  18.80 23.16

WLβ
3

L1-M3 12.6 12.72 (1.52) 5.959 10.560 16.519 -  100  100  100

WLβ4 L1-M2 13.20 14.66 (1.22) 5.959 11.90 17.859 -  79.88  67.8  77.32
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Crystal Structure Analysis of C60 Low Temperature Phase by
Electron Crystallography with Cryo-TEM

The crystal structure of C
60

 at liquid helium temperature was examined by electron diffraction method
using an imaging plate and cryo-TEM. The R factor could be reduced to a certain amount by assuming
a multi-component crystal. Disorder in the crystal might be an important factor as well as dynamical
scattering effect to be considered in electron crystallography for analyzing structures of thin crystals.

Keywords: Electron crystallography / C
60

 / Cryo-TEM / Imaging plate

Tetsuya Ogawa, Seiji Isoda and Takashi Kobayashi

STATES AND STRUCTURES  — Crystal Information Analysis —

Scope of research
Structures of materials and their structural transition associated with chemical reactions are studied through the direct obser-
vation of atomic or molecular imaging by high resolution microscopy. It aims to explore new methods for imaging with high
resolution and for obtaining more detailed chemical information. The following subjects are studied: direct structure analysis
of ultrafine crystallites and ultrathin films, crystal growth and adsorption states of organic materials, and development on high
resolution energy filtered imaging as well as electron energy-loss spectroscopy.
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A transmission electron microscope (TEM) is a useful
tool for studying crystal structures of ultra-thin organic
specimens. Recently, Dorset and coworkers [1] demon-
strated the possibility of crystal structure analysis by the
electron diffraction technique. However, the kinematical
treatment gives only 0.2-0.3 as the R factor, which is
worse compared with the results of X-ray or neutron
scattering methods. The reason is considered to be the
existence of dynamical scattering and the lack of quanti-
tative response of the conventional recording medium. In
this work, we investigated the electron diffraction pattern
of thin C

60
 crystals at liquid helium temperature using a

400 kV cryo-TEM and an imaging plate (IP) to analyze
the structure and revealed a disordered structure in the
thin crystal. An IP exhibits wide dynamic range, high
sensitivity and good linear response to electron dose.
These excellent properties make it possible to obtain pre-
cise electron diffraction intensities and to analyze crystal
structure in atomic resolution.

The thin crystalline sample was prepared by vacuum
deposition of C

60
. The TEM used was JEM-4000SFX,

which is equipped with a cryo-stage cooled by liquid he-
lium so that the sample is observed at the temperature of
4.2 K. An electron diffraction pattern with the incident
beam along <111> was observed and recorded on an IP.
Forty-six integral intensities of symmetrically indepen-
dent reflections were estimated and compared with those
calculated from model structures.

Several workers have carried out the crystal structure
analysis on C

60
 below its glass transition point (86K) by

X-ray and neutron scattering, where the fitting of the in-
tensity profile was carried out using a rotational angle φ
as a parameter for the model [4,5], see Fig. 1(a). The best
fit was found at φ~98°. David [6] analyzed neutron scat-
tering data below the first-order transition point (260K)
in detail and pointed out that there are two crystal modifi-
cations, which they called the major and the minor orien-
tations, corresponding to different φ values. Below the
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Figure 1. Orientation of the molecule at the origin of the unit
cell in the low-temperature phase of C

60
 (left) and their projec-

tions on (111) (right). (a) Initial setting, φ=0°, where three mir-

ror planes of the molecule is normal to the three unit-cell axes;

(b) major orientation, φ=97.62°; (c) minor orientation,

φ=37.62°.

glass transition point the hopping between them is fro-
zen. From their neutron scattering data, the ratio of the
major and minor orientations was determined to be ~0.64
at 200 K, which is increased to ~0.84 at the glass transi-
tion temperature and becomes constant below that tem-
perature.

At the first step, we discuss the least-squares fit of the
observed scattering intensities from the thin C

60
 crystal at

liquid helium temperature with those calculated kine-
matically from a model structure in which all molecules
have the same rotation of φ. The least-squares fit by the
model with a rotation angle was carried out for every de-
gree of the rotation angle. As a result, the R factor
reaches the minimum value of 0.23 at φ~99°. The rota-
tion angle φ~99° coincides well with that of major orien-
tation (97.62°) already reported, which indicates that the
C

60
 molecule in thin film tends to have mainly the major

orientation at liquid helium temperature.
As the second step of analysis we tried to estimate the

coexisting ratio between the major and minor orienta-
tions by the least-squares fitting of observed intensities
as in the case of David and coworkers. The minimum R
factor of 0.17 is obtained at major:minor = 0.74:0.26.
The ratio of the major orientation, 0.74, is slightly differ-

ent from the value of 0.84 obtained for the bulk by David
and coworkers. The R factor is decreased from 0.23 to
0.17 by assuming the coexistence of major and minor
orientations.

Since the R factor of 0.17 still seems unsatisfactory,
an extra parameter to be minimized has to be considered.
That is, the existence of the f.c.c. component in the
sample was considered, where f.c.c. component means
an additional disordered region of molecular orientation
due to the rapid freezing of molecules at each random
orientational angle. The minimum value of R factor
(0.12) is obtained at the f.c.c.:major:minor ratio of
0.47:0.46:0.07. Accordingly, some molecules are ex-
pected to transform into a glassy state without passing
through the ordered phase. The major:minor ratio of
0.46:0.07 ( = 0.87:0.13 ) corresponds well to the results
of neutron scattering experiment by David and cowork-
ers. The R factor is reduced to 0.12 considering the exist-
ence of some fraction of f.c.c.

The specimen used in this work is thin enough and
contains no heavy atoms. Therefore the dynamical scat-
tering effect is negligible. However, the R factor does not
fall lower than 0.23 when an attempt was made to fit the
observed intensities only with those calculated based on
one structural component structure, i.e. major orienta-
tion. By assuming the coexistence of minor orientation
crystal and also f.c.c. crystal with the random molecular
orientation, the R factor could be reduced to 0.17 and fur-
thermore to 0.12. The minor orientation and random ori-
entation of f.c.c. structure are regarded as disordered
structures in the major orientation crystal. Thus, the
structural disorder in a specimen may be one key factor
to be considered in structure analysis by electron crystal-
lography.

References
1. Dorset D. L.: Structural electron crystallography. New York

and London: Plenum Press, (1995)

2. Ogawa, T., Moriguchi, S., Isoda, S. and Kobayashi, T.: Poly-

mer 35, 1132-1136, (1994).

3. Ogawa, T., Moriguchi, S., Isoda, S. and Kobayashi, T.: Pro-

ceedings of the thirteenth international congress on electron

microscopy, 1, 965-966, (1994)

4. Heiney, P. A., Fischer, J. E., McGhie, A. R., Romanow, W.

J., Denenstein, A. M., McCauley, Jr. J. P., Smith, III A. B.

and Cox, D. E.: Phys. Rev. Lett. 66, 2911-2914, (1991)

5. David, W. I. F., Ibberson, R. M., Matthewman, J. C.,

Prassides, K., Dennis, T. J. S., Hare, J. P., Kroto, H. W., Tay-

lor, R. and Walton, D. R. M.: Nature 353, 147-149, (1991)

6. David, W. I. F., Ibberson, R. M. and Matsuo, T.: Proc. R.

Soc. Lond. A442, 129-146, (1993)

a b

c

97.62°

a b

c

37.62°

a b

c

(a) c

a
b

[111]
φ=0°

φ=97.62°

[011]

[101]

[110]
41.81°

(b) c

a
b

[111]

φ=37.62°
(c)

[011]

[101]

[110]
41.81°

c

a
b

[111]



ICR Annual Report, Vol. 4, 19978

Edge-on Lamellae of Polyoxymethylene
Crystallized from Solutions Epitaxially onto Alkali Halides

Edge-on crystalline lamellae of polyoxymethylene (POM) were isothermally grown onto the (001) face
of NaCl or KCl from 0.1 wt% solutions (solvent: nitrobenzene, acetophenone, benzyl alcohol, m-
cresol). The thickness of crystalline core in the edge-on lamella increased with decreasing supercooling
(∆T), but was inevitably smaller than the corresponding lamellar thickness for any ∆T. Accordingly, the
POM edge-on lamella should have a surface layer (20∼25% of the lamellar thickness) containing folds
on each side of its crystalline core.

Keywords : POM/  Epitaxy/  Transmission electron microscopy/ TEM/ Electron diffraction/ Dark-field
image/ Lamellar thickness/ Crystalline core

Masaki Tsuji, Masahiro Fujita, Masatoshi Tosaka and Shinzo Kohjiya

STATES AND STRUCTURES   — Polymer Condensed States —

Scope of research

   Attempts have been made to elucidate the molecular arrangement and the mechanism of structural formation/change in crystal-
line polymer solids, polymer gels and elastomers, polymer liquid crystals, and polymer composites, mainly by electron micros-
copy and/or X-ray diffraction/scattering. The major subjects are: synthesis and structural analysis of polymer composite mate-
rials, preparation and characterization of polymer gels and elastomeric materials, structural analysis of crystalline polymer
solids by direct observation at molecular level resolution, and in situ studies on structural formation/change in crystalline
polymer solids.
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Epitaxy of polyoxymethylene (POM) onto various al-
kali halides has been studied extensively [1-6]. In anal-
ogy with polyethylene (PE) [7], typical morphology of
POM on the (001) face of an alkali halide observed by
transmission electron microscopy (TEM) is character-
ized by rodlike crystals oriented in the <110> directions
of the substrate. Electron diffraction (ED) revealed that
the chain stems in such rodlike crystals lie parallel to the
substrate surface and are also oriented in the <110> di-
rections of the substrate [4,5]. Recently, it was proposed
that the chain stems in the rodlike crystal of POM grown
epitaxially on NaCl might be set parallel to the long axis
of the rod with a triangular cross-section [6]. Before this
proposal, it had been postulated that the stems in the rod
should be packed perpendicular to its long axis, i.e., each
of the rodlike crystals of POM had been regarded as an
“edge-on” lamella [5], without any conclusive evi-
dences. Here, we will report the morphology of the rod-
like crystals of POM grown on alkali halides which was
studied by TEM in bright- and dark-field imaging modes,
and also will discuss the dependence of the crystalline-

core thickness on the crystallization temperature (Tc).
POM (TENAC 5010, M≅40,000; Asahi Chemical In-

dustry Co., Ltd.) was utilized. Substrates used here were
NaCl and KCl, the (001) faces of which were freshly
cleaved just before use, because only the hexagonal form
of POM is expected to grow on both of them [4]. Ni-
trobenzene, acetophenone, benzyl alcohol, and m-cresol
were used as a solvent. At desired Tc’s, epitaxy was per-
formed isothermally (Tc ±1˚C) for 60 seconds in every
0.1 wt% solution of POM under an N2 atmosphere. TEM
was carried out with a JEOL JEM-200CS operated at 160
or 200 kV. For ED and dark-field imaging, a specimen-
rotating holder was utilized.

On both of the substrates, the rodlike crystals were
surely oriented in the [110] and [-110] directions of the
substrate, being perpendicular to each other [8, 9]. By
ED experiments, the crystal form of the rodlike crystals
of POM grown on NaCl and KCl was confirmed to be
hexagonal ( 9/5 helix: a = 0.447 nm, c (chain axis) =
1.739 nm) [10]. Evidently, the crystals on KCl were
nucleated much more densely than those on NaCl, prob-
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ably because KCl has a nearly perfect lattice-matching
with the hexagonal POM than other alkali halides [4]. In
contrast, nucleation took place less frequently on NaCl,
and accordingly, most of the resulting rodlike crystals
could grow much longer.

 It was not easy to measure correctly the width of rod-
like crystal. Occasionally, however, we could do so for
some crystals giving adequate mass-thickness contrast
only in the bright-field image of Pt-Pd- shadowed rodlike
crystals grown on KCl at 125˚C. In this case, the average
width of the rodlike crystals was estimated at 9.1 (±1.7)
nm. This value is approximately compatible with the
lamellar thickness measured before by small-angle X-ray
scattering (SAXS) of single crystal mats [11,12], as
shown in  Fig.1.
     In the ED patterns obtained here, two hhl net-patterns
of the hexagonal lattice, which are perpendicular to each
other, were recognized. Therefore, it can be concluded
that the chain axis in the rodlike crystal is oriented in ei-
ther [110] or [-110] direction of the substrates and the
contact plane of the rodlike crystal, viz. the plane in con-
tact with the substrate surface is the (100) plane of hex-
agonal POM [8,9]. In order to determine the direction of
chain axis in the rodlike crystals, the 100 dark-field im-
age of them was taken after tilting the specimen by |30˚|
around the axis perpendicular to the long axis of the rod
[8].  From the image,  it was determined that POM chain
stems are set perpendicular to the long axis of the rodlike
crystal, strictly speaking, to that of the crystalline core in
the rodlike crystal. These results definitely revealed that
each of the rodlike crystals grown epitaxially on KCl and
NaCl is an edge-on folded-chain lamella of POM, taking
into account the lateral width of the crystals and the mo-
lecular weight of POM [8,9].  Each bright striation in the
dark-field image, therefore, corresponds to the crystalline
core in the edge-on lamella [7-9]. Using the present dark-
field imaging technique by TEM, we can directly esti-
mate the crystalline-core thickness, viz. the stem length in
an edge-on lamella. For this purpose, KCl was used as a
substrate.

 It is well known that the lamellar thickness increases
approximately linearly with increasing reciprocal of the
surpercooling, 1/∆T [12]. Here, ∆T ≡ Td0 - Tc, where Td0

is the equilibrium dissolution temperature for each sol-
vent. The values of Td0 and of the lamellar thickness of
POM single crystals grown isothermally at various Tc’s
were quoted from literature [11] for each solvent used in
this report.

Figure 1 shows the 1/∆T-dependence of the crystal-
line-core thickness, which was obtained by the dark-field
TEM [9], and also that of the lamellar thickness of single
crystals grown from solutions, which was estimated by
SAXS [11,12]. Obviously, the crystalline-core thickness
is smaller than the corresponding lamellar thickness and
is about half the lamellar thickness at any 1/∆T, though it
increases with increasing 1/∆T. Accordingly, the POM
edge-on lamella should have a surface layer (20∼25% of
the lamellar thickness) containing folds on each side of its
crystalline core: the layer is presumed to be composed of
adjacent-reentrant folds with some fluctuation in contour

length and its resultant fluctuation in comformation as in
the solution-grown lamellae of PE [7], by taking into ac-
count the results of surface decoration [9,13] and atomic
force microscopy [14] of the POM single crystals.

 From only the present results, however, it was diffi-
cult to determine whether the crystalline-core thickness
increases linearly with 1/∆T or not, though in our tem-
perature range in Fig.1 the lamellar thickness increases
fairly linearly with increasing 1/∆T [12]. For more accu-
rate estimation of crystalline-core thickness, lattice im-
aging by high-resolution TEM (HRTEM) seems to be
the best method. It is, however,  difficult to take an
HRTEM image of the edge-on lamellae of POM, be-
cause they are vulnerable to electron irradiation and in
addition their orientation is not appropriate. HRTEM
studies on other polymers, which are less sensitive
against electron irradiation and have adequate crystallite
orientation, are in progress [15].
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Figure 1.  Crystalline-core thickness (o ) and lamellar thick-
ness (+, ♦ ) plotted against the reciprocal of the surpercooling
(∆T). The values of lamellar thickness (+), which were mea-
sured by SAXS, were quoted from ref 11, and that (♦) was
estimated by bright-field TEM. The vertical bars represent
standard deviations.
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14N NMR Spectra Sensitive to Membrane Curvature and

Segmental Motions of Phospholipid Headgroup

Emiko Okamura, Chihiro Wakai, Nobuyuki Matubayasi, and Masaru Nakahara

Surface curvature dependence of the dynamical structure of the headgroups of phospholipids was studied

by 14N NMR on liposomes and micelles.  When the diameter was increased from 55 to 100 nm in

unilamellar vesicles, 14N NMR signals, for the first time observed for the micelles and unilamellar

vesicles with high surface curvatures, suddenly vanished.

Keywords : Bilayer/ Liposome/ Micelle/ Dynamics/ Quadrupole

     Molecular level study of the structure and dynamics
of phospholipid membranes is of great importance for a
better understanding of various biomembrane functions.
In order to elucidate the correlation between the dynamical
structures and functions of the membranes at an atomic-
site level, we now apply multinuclear NMR spectroscopy
to model membranes like phospholipid liposomes,
micelles, and emulsions.  We especially pay attention to
the membrane curvature dependence of the dynamical
structures of these membranes.  This is because the
membrane curvature can be an important factor controlling
biomembrane function and integrity.  For example, plasma
lipoproteins regulate apoprotein binding in the metabolism
process by controlling their surface curvatures.  Morover,
we think the molecular level study of the curvature effect
is also crucial for the potential utilization of the functions
of the liposomes and emulsions such as solubilization,
drug delivery, and so on.
     The effect of the curvature is expected to be most

significant for hydrophilic headgroups at surfaces.  In
plasma lipoproteins described above, lipid headgroups at
surfaces are considered to play an important role for the
apoprotein binding.  So far, however, there have been no
systematic studies of the curvature effect.  We first
succeeded in applying 14N NMR to probe the surface
curvature dependence of the fluctuation of the headgroup
structure [1].
     We focus on uni- (I , II ) and multilamellar liposomes
(III , IV ) of 1,2-dipalmitoylphosphatidylcholine (DPPC)
with different diameters from 55 nm (I ) to 1-30 µm (IV ).
The schematic structure of the liposome (I ) is depicted in
Figure 1.  We also compare the 14N NMR spectra with
those of the spherical micelles of 1-palmitoyl-
lysophosphatidylcholine (PaLPC) with diameter of 5 nm
as given in Figure 2.
     Figure 3 shows the 14N NMR spectra in four types of
liposomes.  The spectra of aqueous phosphorylcholine and
PaLPC solutions  are also given.  A sharp symmetric peak

Scope of research
Structure and dynamics of a
variety of ionic and nonionic
solutions of physical, chemical,
and biological interests are
systematically studied by NMR
under extreme conditions. High
pressures and high temperatures
are employed to shed light on
microscopic controlling factors
for the structure and dynamics of
s o l u t i o n s .  V i b r a t i o n a l
spectroscopic studies are carried
out to elucidate structure and
orientations of organic and water
molecules in ultra-thin films.
Crystal l izat ion of protein
m o n o l a y e r s ,  a d v a n c e d
dispersion systems at liquid-
l i q u i d  i n t e r f a c e s ,  a n d
b i o m e m b r a n e s  a r e  a l s o
investigated.
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Figure 2. Schematic structure of the PaLPC micelle.

Figure 3. 14N NMR spectra of the DPPC liposomes.  For

comparison, the spectra of aqueous phosphorylcholine and

micellar PaLPC solutions at 30 ˚C are given by the traces a

and b, respectively.  The traces c, d, e, and f denote the

spectra of the liposomes (I ) at 30, 36, 40, and 50 ˚C,

respectively; the trace g representing the spectra of the

liposomes (II -IV ) at 50 ˚C.  Saturated KNO3 in D2O was

used as an external reference.

    It is concluded that the surface curvature dominates the
segmental motions of the hydrophilic choline groups. The
14N NMR spectroscopy is, therefore, proven to sensitively
reflect surface curvature dependence in bilayers and
micelles.  Molecular level studies of the dynamical
structure of the lipoprotein surfaces and the apoprotein
binding mechanisms are now in progress, by combining
site-selective NMR and the surface curvature effect.

Reference
1.   E. Okamura et al., Chem. Lett., 1997, 1061-1062 .

Figure 1. Schematic structure of the unilamellar liposome (I ).

at -329 ppm is assigned to the choline N+-methyl group
(a, b).  The 14N NMR spectra of the DPPC liposomes
depend remarkably on the surface curvature and
temperature.  This is most evident for the highly curved
liposomes (I ) (traces c-f).  The observed chemical shifts
are, however, the same as those of the isotropic (a) and
micellar solution (b).  Further, the increase in the liposome
diameter from 55 (I ) to 100 nm (II ) strongly affects the
spectral feature of the choline  signal (g).
    The chemical shift values indicate the conformation of
the choline N+-methyl sites are essentially similar.   This
is quite reasonable, considering that the choline N+-methyl
groups are surrounded by many water molecules and that
the conformation is mainly dominated by the hydration
force irrespective of the surface curvature.
     The rotational motion of the choline N+ is restricted
and that the fluctuation of the P-N vector is permitted
only in the direction along the molecular axis (parallel to
the chain axis) in the liposomes with small curvatures.
Note that the appearance of the NMR signal is only due
to the rotational motion of the quadrupole 14N  nucleus
inducing orientation relaxation.
     We discuss the dynamics of the headgroup choline N+

site.  We strictly measure the spin-lattice and spin-spin
relaxation times (T1  and T2, respectively) of the liposomes
(I ) and the micelles. As a result, we succeed in the unique
determination of the rotational correlation time (τ ) and
the quadrupolar coupling constant  (QCC) from the
following two equations (where ω=2π 19 MHz):
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The reliable information of the electronic structure of
both occupied and unoccupied states, in particular, around
the energy gap, is indispensable for the elucidation of
electronic properties of solids and/or the design of new
electronic materials.  Ultraviolet photoemission (PE)
spectroscopy is widely known as one of the most useful
methods to obtain direct information of valence electronic
structure in solids, even in the case of organic ones, and,
in contrast, there has been no efficient method to observe
directly their unoccupied states.  However, inverse
photoemission (IPE) spectroscopy has largely been
developed as a method to detect such states very recently.
In this context we have built an apparatus for the purpose
of IPE measurements in the vacuum ultraviolet region
particularly for organic solids and have so far applied it
to thin films of a few organic semiconductors.

On the one hand, perylene-3,4,9,10-tetracarboxylic
dianhydride (PTCDA) is one of organic semiconductors,
often used as a material in the studies viewing the

Photoemission and Inverse Photoemission Studies on
Organic Semiconductor Thin Films

Naoki Sato, Hiroyuki Yoshida and Kiyohiko Tsutsumi

Ultraviolet photoemission (PE) and inverse photoemission (IPE) spectra were measured for evaporated thin
films of perylene-3,4,9,10-tetracarboxylic dianhydride (PTCDA) and N,N’-dimethylperylene-3,4,9,10-
bis(dicarboximide) (DM-PBDCI), the latter known as an n-type organic semiconductor and the semiconducting
nature of the former still unidentified.  The electronic structure around the energy gap, obtained from the
combination of PE and IPE spectra observed, turns out to be almost common between the two compounds,
indicating that PTCDA could be grouped into the n-type semiconductor.

Keywords : Photoemission/ Inverse photoemission/ Organic semiconductor/ Thin film/ PTCDA

INTERFACE SCIENCE — Molecular Aggregates —

development of so-called molecular electronic devices,
while its electronic nature has not completely been
clarified, in particular, about the semiconducting behavior
as n- or p-type.  Here, N,N’-dimethylperylene-3,4,9,10-
bis(dicarboximide) (DM-PBDCI) is its analogous
compound and has already been confirmed to be an n-
type organic semiconductor from several different
experiments.  In this work, PE and IPE spectra were
measured for evaporated thin films of PTCDA and DM-
PBDCI to compare their valence and lower vacant
electronic structures for checking the semiconducting
characteristics of PTCDA.

The sample materials were purified by repeated
sublimation at a pressure lower than 5 × 10−5 Pa.  The
specimen films of PTCDA and DM-PBDCI were
deposited at a thickness of 3-20 nm on polycrystalline
copper substrates and were measured in situ on two
separate home-built apparatus, each for PE or IPE.  The
apparatus for PE measurements was an upgraded version

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 behaviors. The electronic structure of molecular
and/or polymeric thin films is studied using photoelectron 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
properities is also studied in relation to molecular motions.

Professor
SATO, Naoki

(D Sc)

Associate Professor
ASAMI, Koji

(D Sc)

Instructor
KITA, Yasuo

(D Sc)

Students
ODA, Masao (DC)
SAKUMA, Taro (DC)
YANO, Setsuko (MC)
SHIMADA, Kenji (MC)
TSUTSUMI, Kiyohiko (MC)
NAGAI, Yasuaki (MC)

Instructor
YOSHIDA, Hiroyuki

(D Sc)



ICR Annual Report, Vol. 4, 1997 13

It is well known that biological cells are damaged and
killed by high hydrostatic pressure. However, the
underlying mechanism has not been clearly understood.
This is because there are few studies on properties of cells
under high hydrostatic pressure, although many kinds of
cells treated by high hydrostatic pressure have been
studied at atmospheric pressure. Dielectric spectroscopy
that can elucidate electrical and structural properties of
cells in non-invasive way is suited for in situ
measurements under high hydrostatic pressure because it
needs only a pair of electrodes for measurements, which
are easily installed in a pressure cell.

Dielectric relaxation spectra have been measured on
suspensions of three types of human erythrocytes
(normocyte, spherocyte and ghost) under high hydrostatic

Electrical and Morphological Changes of Human
Erythrocytes under High Hydrostatic Pressure Followed

by Dielectric Spectroscopy

pressure up to 5000 atm.  Around 3000 atm a change of
the cell shape from biconcave to spherical occurred
accompanying with hemolysis, which was suggested from
the sharpening of the relaxation spectra.  At pressure
between 3000 and 4000 atm, a new dielectric dispersion
appeared at frequencies below 30 kHz, which could be
due to microvilation followed by vesiculation.  At 5000
atm, the capacitance of the plasma membrane increased,
which may indicate thinning of the lipid bilayer and/or
intrusion of water into the lipid bilayer.

The present results demonstrated that dielectric
spectroscopy is a useful tool for in situ and real-time
monitoring of cells under high hydrostatic pressure and
can contribute to better understanding of the effects of
pressure on cells.

Koji Asami

Dielectric spectroscopy was applied for studying electrical and structural properties of human erythrocytes
under high hydrostatic pressure, which revealed that erythrocytes undergo a change of cell shape, hemolysis,
vesiculation and membrane thinning at pressure ranging from 3000 to 5000 atm.

Keywords : Dielectric spectroscopy/ Biological cell/ Hydrostatic pressure/ Membrane

of that reported in detail previously [1].  That for IPE,
consisting of two ultra-high vacuum chambers, was
equipped with an Erdman-Zipf type gun supplying an
electron beam of a particular kinetic energy distribution
in the range from 4 to 15 eV and a bandpass detector with
the maximum sensitivity at 9.8 eV fabricated from a Cu-
BeO photomultiplier as well as optical crystal plates; such
a combination of the electron gun and the detector lead
to an overall energy resolution of about 0.8 eV.  Reliable
IPE spectra, free of charging and/or radiation damage,
were obtained in a few tens of minutes after starting
irradiation on a specimen film.

Ultraviolet PE spectra of DM-PBDCI and PTCDA
measured using the same excitation energy were very
similar to each other.  Such spectra, recorded by using a
spherical retarding-field analyzer, permitted to determine
accurate values of threshold ionization energy and work
function, to be I

s
th = 6.1

5
 eV and φ = 4.4

1
 eV, respectively,

for PTCDA and to be I
s
th = 6.1

0
 eV and φ = 4.5

6
 eV,

respectively, for DM-PBDCI.  The good correspondence
observed for the energy parameters as well as the spectral
lineshapes indicates that the electronic structure in the
valence electronic states is largely common for the two
compounds in the thin films.

IPE spectra of DM-PBDCI and PTCDA thin films were
obtained to be almost the same under the given spectral
resolution.  This suggests that the electronic structure in
lower unoccupied states is also common for the two
compounds.  Besides, the spectrum of PTCDA can be
compared with the recent result by Hirose et al. [2]; the
two independent spectra are regarded to essentially

coincide with each other.
Semiempirical MO calculations using the PM3 method

showed that most MOs around the energy gap for both
molecules are predominantly characterized by the
perylene skeleton, so that the corresponding MOs for them
are of almost identical nature.  This supports that almost
the same electronic structure observed for the two films
for both highest occupied and lowest unoccupied states
can basically be understood, on the basis of the
polarization model of the electronic structure in organic
molecular solids.

The combinations of the respective PE and IPE spectra
obtained for PTCDA and DM-PBDCI show the
resemblance of the electronic structure around the energy
gap for both compounds, and it is notable that the Fermi
level could be positioned close to the edge of the
unoccupied states, by considering the values of work
function above.  These observations lead, therefore, to
the conclusion that the semiconductive characteristics of
the two compounds are largely common, so that both
could be of n-type; this corresponds to the results of charge
carrier mobilities in both crystals.
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INTERFACE SCIENCE  — Separation Chemistry —

Scope of research

in chemical behavior and toxicity among the arsenic spe-
cies, the determination of speciation is very important in
the study of the biogeochemistry of arsenic.

We have studied the seasonal variations of arsenic
speciation in Lake Biwa in order to elucidate the effect of
eutrophication on the biogeochemistry of arsenic [1, 2].
Lake Biwa is geographically divided into two parts, the
mesotrophic northern and the eutrophic southern basins
(Figure 1).  In addition, the new analytical technique
used in this study allowed us to determine trivalent me-
thyl arsenicals, that is, monomethylarsonous acid,
[CH

3
As(OH)

2
; MMAA(III)] and dimethylarsinous acid

[(CH
3
)

2
AsOH; DMAA(III)] [3]. MMAA(III) and

DMAA(III) have high toxicity, since they are lipophilic
and inhibit the activity of enzymatic SH-groups.  They
are assumed to be intermediates in the biosynthesis of
organoarsenicals.  This is the first report of the distribu-

Aquatic organisms metabolize arsenic, forming
organoarsenic compounds such as non-toxic arsenic-
containing ribofuranosides and arsenobetaine.  The me-
tabolism results in the occurrence of thermodynamically
unstable arsenite and methylarsenic compounds in natu-
ral waters.  So far, mainly four arsenic species have been
determined in natural waters. Arsenate [AsO(OH)

3
;

As(V)] is the thermodynamically stable form under oxic
conditions, of which one or two protons are dissociated
at natural pHs.  As(V) is a chemical analogue of phos-
phate and may interfere with oxidative phosphorylation.
Monomethylarsonic acid [CH

3
AsO(OH)

2
; MMAA(V)]

and dimethylarsinic acid [(CH
3
)

2
AsO(OH); DMAA(V)]

also form anions in natural water but are much less toxic
than As(V). Arsenite [As(OH)

3
; As(III)] is a neutral spe-

cies at natural pHs and inhibits the activity of enzymes by
binding to thiol groups.  Since there are large differences

The seasonal variations of arsenic species were studied in the mesotrophic northern and eutrophic south-
ern basins of Lake Biwa in Japan.  The variations of arsenic species in lake water largely depend on
biological processes, such as the metabolism of phytoplankton, decomposition of organic matter by
bacteria, and microbial reduction of iron and manganese oxides in sediments.  These results show that
eutrophication affects the concentration and speciation of arsenic in the lake water.

Keywords : Arsenic/Methylarsenic/Organoarsenic/Lake water/Eutrophication/Biogeochemistry
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Our research activities are concerned in the behavior of chemical substances in geochemistry and the biochemical reactions.
Major subjects of the reserch are followings: (1) Biogeochemistry of trace elements in the hydrosphere.  Analytical methods for
trace elements are developed using the selective complex formation systems.  The behavior of trace elements in hydrosphere is
explored to realize the significance of them for ecosystem.  (2) Design and synthesis of the selective complex formation systems.
Ligands (host molecules) that have novel functions in separation of metal ions and guest molecules are designed and synthesized.
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liquid-liquid distribution experiments that MMAA(III)
and DMAA(III) are monomeric below the concentra-
tions of 10-3 and 10-8 M, respectively.  Data for 1H-NMR
chemical shift suggested that MMAA(III) and
DMAA(III) are undissociated at pH values around neu-
tral.  Thus, we presume their chemical forms to be
CH

3
As(OH)

2
 and (CH

3
)

2
AsOH [2, 3].

Eutrophication affects the concentration and specia-
tion of arsenic in the lake water.  The total arsenic con-
centration was increased by 2-4 times in the southern ba-
sin in summer, while it was nearly constant in the north-
ern basin.  The enhancement of total arsenic was due to
the increase of As(V) from the sediment, which was ac-
companied by the increase of iron, manganese and phos-
phorous [4].  Arsenicals adsorbed onto iron and manga-
nese oxides are redissolved, when the iron and manga-
nese oxides are reduced under anoxic condition.  Phos-
phate, which is a chemical analogue of As(V), is concur-
rently released from the sediment.  Another distinction
between the northern and southern basins is the effi-
ciency of methylarsenic formation.  The large load of
phosphorus in the southern basin may have decreased the
arsenic metabolism efficiency of phytoplankton.  The
variations of arsenic species depend on biological pro-
cesses, such as the metabolism of phytoplankton, decom-
position of organic matter by bacteria, and microbial re-
duction of ferromanganese oxides in sediments.
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tion of trivalent methyl arsenicals in lake water.
Figure 2 shows the seasonal variations of arsenic spe-

cies in Lake Biwa.  Within the surface water of the north-
ern basin, arsenic speciation changed seasonally.  As(III)
increased in spring and fall, and DMAA(V) increased
and became the dominant species in summer.  The con-
centration of As(III) and DMAA(V) reached 94% and
64% of total arsenic, respectively.  Though MMAA(V)
also increased in the euphotic zone during summer and
fall, it was usually an order of magnitude less than
DMAA(V).  In the hypolimnion of the southern basin,
the concentration of total arsenic greatly increased in
summer with the depletion of DO.  Although the species
of arsenic most contributing to the increase were As(V)
and As(III), high concentration of DMAA(V) was also
observed in the hypolimnion.

DMAA(V) and As(III) originate from phytoplankton.
Uptake of As(V) by algae and subsequent increase in the
concentration of As(III) and methylarsenic(V) species in
water have been observed in culture and during the de-
velopment of blooms in enclosure experiments.  How-
ever, the correlation of DMAA(V) and Chl. a in Figure 1
suggests that the relation between the DMAA(V) con-
centration and primary productivity is very dependent on
the sampl ing t ime.  I t  is  not  c lear  whether
methylarsenic(V) species are produced directly by living
phytoplankton or indirectly as a degradation product of
organoarsenicals by bacteria.  In the southern basin, high
concentrations of DMAA(V) are observed in the low DO
ranges.  The results suggest that DMAA(V) could be pro-
duced by the anaerobic decomposition of algal matter
sinking from the surface [1].

In both basins, MMAA(III) and DMAA(III) were mi-
nor components, of which concentrations usually did not
exceed 0.3 nM. They were distributed not only in the ep-
ilimnion but also in the hypolimnion and did not show a
clear seasonal change.   MMAA(III) and DMAA(III)
have been thought to be in the form of (CH

3
AsO)

x
 and

(CH
3
)

2
As-O-As(CH

3
)

2
.  However, we confirmed through

Figure 2. The seasonal variation in the average concentrations of arsenic species,
Chl. a and DRP in the epilimnion (0–10 m for N1, 0–4 m for S3).  Total methyl As
is the sum of DMAA(V+III) and MMAA(V+III). □, station N1; ●, station S3.

Figure 1. Sampling stations in Lake Biwa.
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Scope of research

By using vacuum deposition method, artificial multilayers have been prepared by combining various metallic elements. The
recent major subject is an interplay of magnetism and electric transport phenomena such as the giant magnetoresistance
effect. Fundamental magnetic properties of metallic multilayers have been studied by various techniques including
Mössbauer spectroscopy using Fe-57, Sn-119, Eu-151 and Au-197 as microprobes, and neutron diffraction. Preparation of
microstructured films is attempted and novel magnetic and transport properties are investigated.
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The magnetoresistance (MR) originating from a magnetic structure with gradually rotating magnetic
moments was studied using soft-magnetic (NiFe)/hard-magnetic (CoSm) bilayers. The main feature of
the MR curves was explained as anisotropic magnetoresistance (AMR) effect. It was found that a giant-
magnetoresistance-(GMR)-type effect coexisted, although the effect was very small in comparison with
the AMR effect.

Magnetoresistance of Bloch-Wall-Type Magnetic Structures
Induced in NiFe/CoSm Exchange-Spring Bilayers

Keywords: exchange-spring multilayers/ Bloch wall/ anisotropic magnetoresistance/ giant magnetore-
sistance

It has been known that magnetic domain walls con-
tribute to the electric resistance in ferromagnetic metals.
The mechanism is, however, not well-elucidated yet. In
order to get information about the domain wall resis-
tance, we have investigated the magnetoresistance due to
a magnetic structure with gradually rotating magnetic
moments, like a Bloch wall. Such magnetic structures
can be realized in “exchange-spring” bilayers, which
consist of soft magnetic and hard magnetic layers with a
magnetic coupling at the interface [1]. When an inverse
magnetic field is applied to the saturated state, the mag-
netic moments in the soft magnetic layer start to rotate
reversibly at a certain magnetic field (H

b
), showing a

magnetic structure with gradually rotating magnetic mo-
ments (Figure 1).  The rotation angles can be controlled
by increasing the external magnetic field, until an irre-
versible magnetization process due to domain wall dis-

Figure  1. Illustration of an exchange-spring state in a soft-
magnetic/hard-magnetic bilayer.

SOLID STATE CHEMISTRY  — Artificial Lattice Alloys —
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placement in the CoSm layer occurs at H
c
. The magneti-

zation curve reflects the magnetization process as shown
for a NiFe(300Å)/CoSm(1000Å) bilayer in Figure 2. The
magnetization process between H

b
 and H

c
 is completely

reversible. The direction of the magnetic moments at
each magnetic field during this reversible process is cal-
culated from the condition that gives the minimum in the
total magnetization energy. The reversible magnetization
curve is also reproduced using the directions calculated
for each magnetic field [1].

Magnetoresistance was measured with a magnetic
field parallel to the axis of easy magnetization (the x di-
rection) and with electric currents parallel (ρ

xx
) and per-

pendicular (ρ
yy

) to the magnetic field. The magnetoresis-
tance in these configurations corresponds to the magne-
toresistance due to electric currents along a Bloch wall.
In NiFe/CoSm bilayers, the resistivity of the CoSm layer
is about 100 times larger than that of the NiFe layer.
Therefore, when the magnetoresistance is measured in
current-in-plane geometries, the electric current mostly
flows in the NiFe layer.

The magnetoresistance curves of the NiFe(300Å)/
CoSm(1000Å) bilayer in the two geometries, ρ

xx
 and ρ

yy
,

at 5.0 K are shown in Figure 3 (a). A reversible change is
observed in the magnetic field range where the reversible
magnetization process takes place. The observed magne-
toresistance shows a characteristic shape; the resistance
changes drastically right above H

b
, has an extremum,

then recovers gradually. The curves measured in the two
geometries appear to be a mirror image of each other
relative to the average value. This fact implies that the
effect is mainly due to anisotropic magnetoresistance
(AMR), i.e. magnetoresistance dependent on the angle
between the magnetization and the electric current. In the
present system, each atomic layer has different direction
of magnetic moment relative to the direction of electric
current. If the phenomenological equation for AMR,
which is valid for uniformly magnetized films, is applied
to such a system, the local resistivity is distributed as a
function of the depth from the interface. The AMR of the
NiFe layer as a whole is estimated from the parallel cir-
cuit of the distributed local resistivity. The calculated re-
sistivity reproduces the feature of the reversible parts in
Figure 3 (a) well [1].

If the magnetoresistance due to the electric current
flowing in a twisted magnetic structure is only from the
AMR effect, the average of ρ

xx
 and ρ

yy
 should be almost

constant, independent of the rotation angles. The experi-
mental average (ρ

av
)

 
 of ρ

xx
 and ρ

yy
 for NiFe(300Å)/

CoSm(1000Å) shows a small positive effect as shown in
Figure 3 (b). The result indicates that a positive magne-
toresistance effect that cannot be explained with the

AMR effect exists in ρ
xx

 and ρ
yy

. The average resistance
ρ

av
 increases as the relative angle between the magnetic

moments in the NiFe layer increases. Therefore, the ef-
fect is thought to be due to a giant-magnetoresistance-
(GMR)-type effect, i.e. magnetoresistance dependent on
the relative configuration of magnetic moments [2].

In this way, magnetoresistance when an electric cur-
rent flows in a twisted magnetic structure was studied
using NiFe/CoSm exchange-spring bilayers. It was
found that a GMR-type effect of less than 0.1 % coexists
with an AMR-type effect of several %.
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Figure 3. Magnetoresistance curves of NiFe(300Å)/
CoSm(1000Å) at 5.0 K: (a) ρ

xx
 and ρ

yy
, and (b) ρ

av
.

Figure  2. Magnetization curve of NiFe(300Å)/CoSm(1000Å)
at 5.0 K.
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SOLID STATE CHEMISTRY     Artificial Lattice Compounds 

Scope of  research
Syntheses of oxide thin films by reactive evaporation and ceramics by solid state reaction and their characterizations are
studied. The main subjects are: preparation and characterization of ultrathin films of high-Tc superconductors: investigation of
growth mechanism of thin films by in situ reflection high-energy electron diffraction: phase diagram of Bi2O3-SrO-CaO-CuO
system:  growth and characterization of single crystals of Bi-Sr-Ca-Cu-O system: preparation and observation of dielectric
properties of ferroelectric thin films: growth and characterization of single crystals of (Sr,Ca)14Cu24O41:  scanning tunneling
microscope observation of  surface structures and electronic states of metallic oxide thin films
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   There are three superconducting phases in the Bi-Sr-Ca-
Cu-O system the ideal formulas of which are Bi

2
Sr

2
Ca

n-1
CunO

2n+4+δ  (n = 1, 2 and 3).  Among these, the Bi-2201
phase (n = 1) has the simplest structure with a single CuO

2
sheet in the fundamental unit, and its chemical stability
and flexibility allowed to carry out detailed phase
diagrammatic studies, various chemical substitutions, and
also single crystal growth.  Physically this phase has been
considered useful to study the normal state properties over
a wide temperature range because of its low T

c
.

   Of particular interest to us are the remarkable changes
in structural and superconducting properties resulting from
the addition of another element, Pb.  Ikeda et al. [2]
reported a wide monophasic range of 0 ≤ x ≤ 0.5 and 0.1 ≤
y ≤ 0.5 for Bi

2-x+y
Pb

x
Sr

2-y
Cu

1+y/4
O

z
  and showed, in particular,

that the structural modulation disappears in a narrow region
near the Pb-solubility limit of x = 0.4 at y = 0.125.  The
Pb-for-Bi substitution tended to increase the carrier density,
and preparation in an Ar stream of 1 atm was needed to
induce superconductivity (T

c
 = 14 K) from the high Pb

content of x = 0.4.
   The present work started aiming at the growth of crys-
tals by floating zone method for various metallic compo-
sitions within the monophasic region mentioned above.
In particular, it was thought interesting to obtain crystals
in the modulation-free region because interpretation of
experimental results like photoelectron spectroscopic data
related to the band structure will be simplified.  It should
be noted here that Pb content in the previously reported
crystals was rather low (x ~ 0.1 [3]).  Here we report the
growth of large plate-like crystals with the highest Pb
content ever reported, which are modulation-free, and also
the results of conductivity measurements.
   Starting materials, which were Bi

2
O

3
, PbO, SrCO

3
, and

CuO, were weighed at an appropriate ratio, mixed in an
agate mortar, pressed into pellets, and heated at tempera-
tures from 720 ˚C to 840 ˚C over a period of 4 - 5 days in
total with several intermittent grindings.  The obtained
powder was then isostatically pressed into a pair of rods
of 6 mm in diameter and 60 mm in length and sintered

Growth of heavily Pb-substituted Bi-2201 single crystals
by a floating zone method

Takahito Terashima, Iksu Chong and Mikio Takano

Single crystals of the heavily Pb-substituted Bi-2201 phase were grown to a typical planar shape of 6 x 3 x 0.03 mm3 by using a
floating zone method [1]. These crystals with the highest Pb content ever reported are free from any structural modulation as examined
by transmission electron microscopy, and the orthorhombic lattice parameters are a = 5.300(3) Å, b = 5.392(3) Å, and c = 24.603(5)
Å (V = 703.2 Å3).  Their superconducting properties can be modified within the over-doped region in such a way that the transition
temperature, T

c
, is raised from 3 K for the as-grown crystals to 23 K by annealing at 550 ˚C for 2 weeks in a vacuum of ~10-4 Pa.  The

out-of-plane resistivity of the as-grown crystals remains metallic down to 20 K, while it becomes semiconductive below 160 K after

the annealing.

Keywords : Bi-2201/ Single-crystal/ Floating Zone method/ Pb-Substitution/ Anisotropy
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subsequently at 840 ˚C for 24 h in air.  A molten zone was
formed between the pair of rods by infrared irradiation,
and the zone was passed through the feed rod at a rate of 5
to 0.3 mm/h.  During this growth process the two rods
were counter-rotated at 30 rpm.  The atmosphere was the
air.  Single crystals were taken mechanically from the
grown ingot.
   We could successfully obtain large high-quality single
c r y s t a l s  f r o m  t h e  i n i t i a l  c o m p o s i t i o n  o f
Bi

1.74
Pb

0.38
Sr

1.88
CuO

6+δ.  The single crystal flake  with large
and plane surface parallel to the ab plane is shown in Fig.
1. The composition of the crystals was determined by fluo-
rescence X-ray analysis to be Bi

1.80
Pb

0.38
Sr

2.01
CuO

6+δ.
   The electron diffraction observation revealed that the
structural modulation was  absent as expected from the
high Pb content.  The four circle X-ray diffraction mea-
surements showed the orthorhombic structure with lattice
parameters of a = 5.300(3) Å, b = 5.392(3) Å, c = 24.603(5)
Å, and V = 703.2 Å3.
  Typical temperature dependences of the in-plane resis-
tivity, ρ

ab
 , and the out-of-plane resistivity, ρ

c
 , are shown

in Figs. 2(a) and 2(b), respectively.  T
c
 was 3 K for the as-

grown crystal, while it was raised to 23 K by annealing at
550 ˚C for 2 weeks in a vacuum of ~10-4 Pa.  This is along
an experimentally observed tendency for both the 2201
and 2212 phases that annealing in vacuum reduces oxy-
gen content in the double BiO

1+δ layers and thereby raises
T

c
. As shown in Fig. 2(b), ρ

c
 remains metallic down to

near T
c
 for crystals annealed for relatively short times. Ex-

perimentally, Pb-free 2201 crystals have a typical ρ
c
 of 1

Ωcm at room temperature and its T - dependence remains
semiconductive down to T

c
 [4].  It is known that substitu-

tion of La3+ for Sr2+ also reduces the carrier density and
raises T

c 
[5].  The La-substituted crystals show one-order

higher ρ
c
 at room temperature, and the semiconductive

temperature dependence, | dρ
c
 / dT |, is enhanced [5].  On

the other hand, according to Wang et al. [3], a Pb-substi-
tuted crystal with x ~ 0.1 exhibits metallic behavior down
to 80 K, below which ρ

c
 upturns.  In contrast with these

cases, an almost complete metallic T-dependence of ρ
c
 was

observed for our as-grown crystals.  It is now clear that
the present heavy Pb-for-Bi substitution did increase the
carrier density to the highest degree ever reported for single
crystals.
  From the proximity in ionic radius between Pb2+ and Bi3+

we assume that it is Pb2+ rather than Pb4+ that substitutes

for Bi3+.  The (Bi, Pb)-O layers become atomically flat in
modulation-free crystals as first reported by Ikeda et al.
[2].  The flatness should increase the (Bi3+, Pb2+) 6s - O2-

2p overlap and, thereby, lower the out-of-plane resistiv-
ity.  We thus conclude that the Pb2+-for-Bi3+ substitution
makes the  (Bi, Pb)-O layers more conductive.  In addi-
tion to the flatness effects mentioned above, there is an-
other factor which should be taken into consideration.  If
the energy difference between the Pb2+ 6s and the O2- 2p
orbitals is smaller than the difference between the Bi3+ 6s
and the O2- 2p orbitals, the relevant electronic band might
become even more broadened.  A detailed band structure
calculation is desirable.
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Figure 2. Temperature dependence of the in-plane resistivity
(a) and the out-of-plane resistivity (b) of the as-grown and an-
nealed crystals.

Figure 1. Cleaved piece of single crystal.
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High Critical Current Density in the High- Tc
Superconductor: Generation of Efficient Pinning Centers

We have found novel flux pinning centers in high-T
c
 oxide superconductor Bi

2
Sr

2
CaCu

2
O

8
 with T

c 
= 80

K that dramatically increase the critical current density (J
c
).  Single crystals with a large amount of Pb

substituting for Bi were grown by the floating zone method, and their magnetic properties and micro-
structures have been studied by means of SQUID magnetometory and electron microscopy.  J

c
 increases

remarkably beyond a critical Pb content of ~0.4 per formula unit, where characteristic two-phase micro-
structures are revealed by high-resolution electron microscopy: The “single” crystals consist of alternat-
ing thin (several tens of nanometers) lamellar plates of two phases with the (010) interface; one with
lower Pb content (~0.4) and a modulated structure and the other with higher Pb content (~0.6) and a
modulation-free structure.

Keywords: Copper oxide superconductor/ Bi
2
Sr

2
CaCu

2
O

8
/ Pb substitution/ Microstructure
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Scope of research

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

• High-T
c
 superconducting copper oxides with higher T

c
 or J

c
.

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

High temperature copper oxide superconductors
(HTSCs) exhibit an unusual magnetic field - temperature
(H - T) phase diagram which is quite different from that
of conventional superconductors [1].  The major origin is
strongly two-dimensional characters of HTSCs, as well
as short coherence lengths and elevated critical tempera-
tures (T

c
’s), which substantially change the vortex state

in magnetic fields perpendicular to the CuO
2
 layers; vor-

tex lines become ill-defined and transform into pancake
vortices confined within the CuO

2
 layers which couple

only weakly between the layers.  Then, the role of ther-
mal fluctuation on the dynamics of vortices is enor-
mously enhanced, and flux flow and flux-lattice melting
occurs in a wide temperature range below T

c
, resulting in

a finite resistivity.  From the viewpoint of practical appli-

cations it is particularly important to increase J
c
.

Among the many HTSCs studied up to date,
Bi

2
Sr

2
CaCu

2
O

8
 (Bi-2212) has been considered to be one

of the most promising materials to be used as wires for
cables and magnets because of its chemical stability and
flexibility in manufacturing processing: the melt-texture
growth technique has sufficiently improved supercon-
ducting coupling between polycrystalline grains, which
is another factor limiting the actual J

c
 value, and enabled

to produce wires with relatively high J
c
 values below 20

K.  However, one serious problem is that J
c
 decreases

drastically above 20 K in magnetic fields.  This arises
from the breakdown of the zero-resistive state due to
thermally activated flux flow.  Suppression of the flux
flow is particularly serious for this compound because of
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its inherent 2D anisotropy.  There is no doubt that large-
scale applications would be accelerated by finding an
appropriate solution to overcome this obstacle.

A key to increase J
c
 is to generate efficient pinning

centers in crystals.  Recent studies using heavy ion irra-
diation have clearly exemplified that aligned columnar
defects serve as flux pinning centers.  However, these
methods are rather formidable and not useful in practical
material processing.  We believe that an alternative
breakthrough to generate efficient pinning centers in a
more practical and useful way is necessary for future
large-scale applications.

We have studied the single crystal growth of Bi-2212
and found that the partial replacement of Bi by a large
amount of Pb remarkably affects the magnetic properties
of Bi-2212 [2].   Single crystals of Pb-substituted Bi-
2212 were grown from start ing composit ions
Bi

2.2-x
Pb

x
Sr

1.8
CaCu

2
O

8+δ 
(x = 0, 0.4, 0.6, 0.7, 0.8) by the

conventional floating zone (FZ) method with an infra-red
heating furnace.  The atmosphere used was 20 % O

2
 / 80

% N
2
, and the growth rate was 0.5 mm h-1.  Plate-like

crystals of dimensions 1.0 × 1.0 × (0.03 ~ 0.04) mm3

were cleaved from each rod and used for magnetization
measurements.  A remarkable enhancement in J

c
 was

found for large Pb content of x ≥ 0.6.  In addition, a char-
acteristic lamellar structure was observed by means of
high-resolution electron microscopy (HREM) only in
crystals with x ≥ 0.6.  Figure 1 presents the HREM im-
ages of a typical fragment from the x = 0.7 crystal, where
is seen a well-ordered zebra pattern composed of two
kinds of lamellar plates; α-phase plates with Pb poor
composition (~ 0.4 per formula unit) as examined by
EDX microanalysis and a modulated structure (periodic-
ity of 11 ~ 12b) and β-phase plates with Pb rich composi-
tion (~ 0.6) and a modulation-free structure.  Each plate
has a thickness of several tens of nanometer, and the in-
terface is always perpendicular to the b axis.  It is noted
that structural modulations in the α-phase domains is
considerably disordered, compared with those seen in
uniform (Bi,Pb)-2212 crystals with less nominal Pb con-
tent.  The lamellar microstructures found in the present
study reminds us of eutectics and eutectoids cooled
unidirectionally.  They usually form either alternating
lamellar plates or rods embedded in a matrix.  Many ex-
amples have been known for metallic systems, while re-
cently a large number of oxide-oxide eutectics have also
been studied.  As for cupric oxides, Revcolevschi et al.
prepared an aligned eutectic structure made of
La

2-x
Sr

x
CuO

4
 and CuO by a FZ technique.  The lamellar

morphology observed in our study is quite similar to
those found in Pb-Sn, NiO-ZrO

2
, and Fe(C)-Fe

3
C.

The improvement in J
c
 in the present heavily Pb-

doped Bi-2212 single crystals must be due to an auto-
matic, unintended generation of efficient pinning cen-
ters.  The observed specific two-phase microstructures
must be related to it.  Since the interface always crosses
the CuO

2
 planes, the present microscopic two-phase

structures must suppress the thermal fluctuation of pan-
cake vortices more efficiently than randomly distributed
point defects.
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Figure 1.  Electron micrographs showing typical microstructures
of the x = 0.7 crystal. The incident electron beam was parallel to
the [101] direction so that the b axis was perpendicular to the
incident beam.  The zebra pattern seen in (a) is due to alternating
stacking of two kinds of lamellas along the b axis, resulting
from phase separation at high temperature.  The dense fringes
seen in the α domains in (b) visualize the structural modulations.
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Electrical Properties of Transparent Doped Titania Films
by Sol-Gel Method

Transparent semiconductive TiO
2
 films co-doped with Ru and Ta (Nb), and Co and Nb (Sb) were pre-

pared on SiO
2
 glass substrates by the sol-gel method using Ti(OC

3
H

7
i)

4
 solutions. The solution prepara-

tion condition, solution composition, dopant content and heat-treatment temperature all severely af-
fected the electrical resistivity of the resultant films. TiO

2
 films co-doped with Ru and Ta (Nb) showed

n-type conductivity, while those co-doped with Co and Nb (Sb) showed p-type conductivity. It seems
that the obtained films can be utilized for assembling all-solid-state TiO

2
-based pn type solar cell.

Keywords : Transparent semiconductive films / Sol-gel method / Titania films / Electrical resistivity / pn
type solar cell

Hong Lin, Takashi Uchino, Hiromitsu Kozuka and Toshinobu Yoko

SOLID STATE CHEMISTRY -Amorphous Materials-

Scope of research

  Inorganic amorphous materials with various functions are the targets of research in this laboratory.  (1) To obtain a clear view
of “what is glass” 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 of 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) Using sol-gel method, synthesis and microstructure control are carried out on various
functional oxide thin films.
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Solar energy is believed to be an essential energy
source of the next century. A pn type solar cell with all-
solid-state TiO

2
-based films seems to have many benefits

for effective utilization of the solar energy because the
ultra violet and visible light of solar light would be
adsorbed by n-type TiO

2
 and p-type TiO

2
, respectively.

Here, transparent semiconductor electrodes with high
conductivity are requested. We prepared TiO

2
 films co-

doped with Ru and Ta (Nb), and Co and Nb (Sb)  by sol-
gel method, aiming at making n- and p-type transparent
semiconductive films, respectively.  The effects of solu-
tion composition, solution preparation condition, dopant
content and heat-treatment temperature on the electrical
resistivity of sol-gel derived films were studied.  The
conduction mechanisms of doped TiO

2
 films were also

discussed.
Transparent semiconductive n-type TiO

2
 films were

prepared by co-doping Ru and Ta (Nb). Titanium
tetraisopropoxide (Ti(OC

3
H

7
i)

4
), RuCl

3
･xH

2
O, TaCl

5

(NbCl
5
), C

2
H

5
OH, 36.5% HCl (60% HNO

3
 or

diethanolamine (DEA)) and H
2
O were used as starting

materials.
Transparent semiconductive p-type TiO

2
 films were

obtained by co-doping Co and Nb (Sb). Ti(OC
3
H

7
i)

4
,

CoCl
2
, NbCl

5
 (SbCl

5
), C

2
H

5
OH, acetylacetone (AcAc),

(36.5% HCl) and H
2
O were used to form Ti

3(1-x)
Co

x
M

2x
O

6

(x = 0.3, M = Nb or Sb) solid solutions.
The gel films were dip-coated on SiO

2
 glass substrates

at a constant rate of 1 cm/min, heat-treated in air at
400°C-900°C for 10 min. Repeating the above procedure
3 times gave approximately 120 nm-thick films.

D.C. electrical resistivity was measured in air at room
temperature for n-type TiO

2
 films and during cooling

from high temperature to room temperature for p-type
TiO

2
 films with two electrodes method.

The obtained n-type TiO
2
 films were uniform and

transparent in all the preperation conditions employed,
and their crystalline phases were anatase when HCl or
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HNO
3
 was used as a catalyst. The resistivity of the films

decreased in the order of DEA > HNO
3
 > HCl additives.

Refluxing the dopant solutions prior to mixing with
Ti(OC

3
H

7
i)

4
 solution led to the decrease of the film resis-

tivity. This was probably caused by the alkoxylation of
RuCl

3
 and TaCl

5
 under refluxing, promoting the forma-

tion of solid solution.

Ru2+ (donor)

Anatase CB
 Rutile CB0.2eV

3.0eV

0.6eV

VB

Ti3+ (donor)

Ti 3d

O 2p

eg
e-

Figure 1. (a) Electrical resistivity of the titania films with a
fixed content of Ru (x = 0.001) and various contents of Ta (y =
0 - 0.024). (b) Electrical resistivity of titania films derived with
various Ru contents (x = 0 - 0.004) and a fixed Ta content (y =
0.008).

Figure 2. Schematic energy level diagram for Ti3+ and Ru2+ in

anatase and rutile TiO
2
.

Figure 3. Variation of logarithmic resistivity with reciprocal

temperature in K for Ti
3(1-x)

Co
x
M

2x
O

6
 (M = Sb or Nb) films

heat-treated at 800°C. The inserted numericals in eV are
activiation energies.

Figure 4. Schematic energy level diagram for high spin Co2+

in titania.

10
2

10
3

10
4

10
5

10
6

10
7

R
es
is
ti
vi
ty
   
/ Ω

 c
m

3.02.52.01.5

1000 K / T

T / ºC
300 100200 50

 CoxNb2x800
 CoxSb2x800

0.84 eV

0.66 eV

0.17 eV

Figure 3 shows that logarithmic resistivity of films co-
doped with Co and Nb was directly proportional to the
reciprocal absolute temperature. On the other hand, the
slopes for films co-doped with Co and Sb were different
below and above 200°-220°C, indicating that there are at
least two conduction mechanisms with different activa-
tion energies. The phenomenon should be closely related
to the valence state of Sb ions, causing the formation of
different acceptor levels. Moreover, Co ion in Ti

3(1-

x)
Co

x
M

2x
O

6
 may be present as Co2+ in high spin state, act-

ing as an acceptor for electrons from the valence band of
TiO

2
. (see Figure 4).
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Figure 1 shows that the resistivity decreased with in-
creasing Ta content and increased with increasing Ru
content. This indicates that Ti3+ species, which are
formed by Ta-doping via charge compensation, are the
main donors responsible for the conduction in the present
anatase samples (see Figure 2). Moreover, most of the
films showed resistivity minima at a heat-treatment tem-
perature of 700°C. This is due to the change of Ti3+ con-
centration by the Ta incorporation and the oxidation and
reduction reactions during the heat-treatment.  The low-
est resistivity of 101～102 Ω cm was attained.

Co2+ (acceptor)

Anatase CB
 Rutile CB0.2eV

3.0eV

VB

t2g

Ti 3d

O 2p

e-

The above obtained transparent n- and p-type TiO
2
-

based semiconductors are promising materials for de-
signing a pn type solar cell.
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The obtained p-type TiO
2
 films were also uniform and

transparent when AcAc was used, while samples heat-
treated at 800°C became opaque when HCl was added.
Rutile phases appeared when the films were heat-treated
at 700°C. Films co-doped with Co and Sb changed their
crystalline phases from amorphous directly to rutile with
increasing heat-treatment temperature. Contrarily, films
co-doped with Co and Nb showed phase transition from
anatase to rutile on heating. The crystallinity of films co-

doped with Co and Nb was slightly better than that of
films co-doped with Co and Sb.
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Nonlinear Viscoelasticity of Amorphous Polymers
 in the Vincinity of the Glass Transition Temperature.

Nonlinear viscoelasticity of atactic polystyrene around the glass transition was studied by means of
constant rate elongation.  The strain-induced  birefringence and the stress were simultaneously mea-
sured and then the stress was separated into two components (Rubbery and Glassy components) by
using the modified stress-optical rule.    Behavior of the R component, having the molecular origin of
chain orientation, was essentially linearly viscoelastic. On the other hand, the G component, originated
by rotational orientation of chain units, showed remarkable thinning phenomena,  which is commonly
observed for glassy materials. Thus, the separation of stress for polymeric material simplifies phenom-
enological interpretation of nonlinear viscoelasticity of polymers near the glass transition zone.

Keywords : Glass transition/ Stress-optical Rule/ Viscoelasticity/ Amorphous polymer/ Rheo-optics/
Rheology/ Polystyrene

Tadashi Inoue,  Hiroshi Watanabe, and Kunihiro Osaki

FUNDAMENTAL MATERIAL PROPERTIES  — Molecular Rheology —

Scope of research

The molecular origin of various rheological properties of materials is studied.  Depending on time and temperature, homogeneous
polymeric materials exhibit typical features of glass, rubber, and viscous fluids while heterogeneous polymeric systems exhibit
plasticity in addition to these features.  For a basic understanding of the features, the molecular motion and structures of various
scales are studied for polymeric systems in deformed state.  Measurements are performed of rheological properties with various
rheometers, of isochronal molecular orientation with flow birefringence, and of autocorrelation of the orientation with dynamic

dielectric spectroscopy.
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The glass transition phenomena are widely observed
in various polymeric systems.  In the vicinity of the glass
transition temperature, the modulus typically varies from
the glassy modulus( ca.109Pa)  to the rubbery
modulus(ca. 106Pa).  Most widely accepted interpreta-
tion for the glass transition is "freezing of molecular mo-
tions", that is, competition between molecular relaxation
time scale and experimental time scale. However, the
molecular motion responsible to the glass transition is
not fully specified.

We have previously found a new method [1] for de-
composing the stress (modulus) into two components
having different molecular origins. This method is based
on the modified stress-optical rule: The rule says that the
stress,σ(t) and birefringence, ∆n(t), are composed of two

components (denoted by subscripts R and G)  and that
proportionality holds valid for each component.

σ(t)=σ
R
(t)+ σ

G
(t) (1)

∆n(t)= C
R
σ

R
(t)+ C

G
σ

G
(t) (2)

Here C
i
 is the proportionality coefficient called the

stress-optical ratio for the component i.  Eqs. 1 and 2 can
be solved for σ

R
(t) and σ

G
(t). Systematic studies on vari-

ous polymers revealed that the R component is related
with the chain orientation and the G component is with
rotational orientation of a structural unit around main
chain axis. In the rubbery state the contribution of σ

G
(t)

can be ignored.
Recently, we applied this method to constant elonga-

tion experiments of polystyrene around the glass transi-
tion temperature.[2] Figure 1 shows representative data
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Figure 1. Stress growth during constant rate elongation of
Apolystyrene at 100oC with ε=0.001s-1

Afor stress growth at 100oC with rate of strain, ε=0.001s-1.
Here the tensile stress is reduced by rate of strain, η+(t,
A Aε)=σ(t)/ε. The stress increases vary rapidly on start-up of
deformation, shows a maximum, and then increases
again with time. This type of stress growth cannot be de-
scribed with linear viscoelastic theory for the small strain
regime.

Dotted and broken lines in Figure 1 shows the result of
decomposition of the stress into the two components.

A AThe R component, η+
R
(t, ε)=σ(t)

R
/ε, increased monotoni-

Acally with time.  We found that  η+
R
(t, ε) was in accord

with linear viscoelastic theory.  This means that the re-
sponse of R component does not change in a wide  range
of strain examined.

AOn the hand, η+
G
(t, ε) increases vary rapidly and then

decreases and apparently reaches a steady state at long
Atimes. We may define the steady state viscosity, η

EG
(ε).

The result quite resembles the features of the ordinary
entangled polymer systems under shear flow, although
the two phenomena have different molecular origins.

Similar results were obtained at different rates of
Astrain and different temperatures. 

 
Figure 2 shows ε de-

Apendence of η
EG

(ε).  Here, in order to compare the data at
different temperatures, the data are reduced to 115oC
with the method of reduced variables: η

EG
a

TG
-1 is plotted

Aagainst a
TG

ε, where a
TG

 is the shift factor for the G com-
ponent determined by dynamic measurement.  The data
at different temperatures lie on a single curve.  This result
in turn suggests that the method of reduced variables
works well for the G component even in the nonlinear
viscoelastic region around the glass transition zone.

For the shear viscosity of polymer melts in the termi-
nal flow zone, the non-Newtonian thinning is observed at

A

rates γ>τ-1 where τ is the longest relaxation time. In addi-
Ation, viscosity is close to  |η*(ω)|γ=ω, measured in the lin-

ear regime(Cox-Melz rule).  In contrast, Figure 2 demon-
strates that η

EG
 has much stronger rate dependence than

A|η
EG

*(ω)|ε=ω. The rate where thinning starts is about 300

Atimes smaller than that for |η
EG

*(ω)|ε=ω.  It is well-known
that the shear thinning of viscosity of polymer melts is
associated with the strong strain dependence of the shear
relaxation modulus.  The very strong rate dependence of
η

EG
 may be related to the very strong strain dependence

of the Young’s relaxation modulus.
As demonstrated in Figure 1, the separation of stress

into the two components simplifies the phenomenologi-
cal interpretation of viscoelasticity around the glass tran-
sition zone.  The remarkable nonlinear viscoelasticity
around the glass transition zone can be related with the
strong rate dependence of the G component. We also
emphasize that σ

G
 is a well-behaving viscoelastic quan-

tity, for which the viscosity exhibits strong but smooth
thinning and the method of reduced variables works
well; see Figure 2.

Finally, we point out that viscoelastic behavior of the
G component quite resembles that of inorganic glasses.
η

E
 of these materials show a very similar shear thinning

A Aphenomenon when ε exceeds a certain ε, a few hundredth
of τ -1.[3]  Such a similarity strongly suggests a universal
relaxation mechanism for glass forming materials, a co-
operative relaxation mechanism which is insensitive to
details of molecular structures.

Acknowledgment
This work was supported in part by the Grant-in-Aid

for Scientific Research from the Ministry of Education,
Science, Sports and Culture of Japan.

References

1. Inoue T, Okamoto M and Osaki K, Macromolecules,

24, 5670-5675(1991).

2. Inoue T, Ryu DS and Osaki K, Macromolecules, in

press.

3. Simmons JH, Mohr RK, Montrose CJ, J. Appl.Phys,

53,4075-4080(1982).

8

7

6

5

lo
g
(η

E
G
a

T
G

-1
/P

a
s)

-3 -2 -1 0 1 2 3
log(εa

TG
/s-1)

τ

Figure 2. Rate dependence of viscosity for the G component.

ALine in the figure indicates  |η
EG

*(ω)|ε=ω.

Aη+
R
(t, ε)

Aη+
G
(t, ε)

Aη+(t, ε)

.

.



ICR Annual Report, Vol. 4, 199726

Hierarchic Structure of Poly(vinyl alcohol) Gels

We studied the structure and its formation process of poly(vinyl alcohol) gels formed in a mixture of
deuterated dimethyl sulfoxide (DMSO-d

6
) and heavy water at 25 °C, using various kinds of scattering

techniques such as wide-, medium-, small- and ultra small-angle neutron scattering and light scattering
to cover a wide Q-range of 10-4 to 10 Å-1, corresponding to a real space of 0.63 to 63000 Å.  On the basis
of the results, we will discuss the hierarchic structure of PVA gels, which is basically determined by
competition between the rate of liquid-liquid phase separation and the rate of crystallization or forma-
tion of cross-linking points.

Keywords : Spinodal Decomposition / Phase Separation / Light Scattering (LS) / Ultra Small-Angle
Neutron Scattering (U-SANS) / Small-Angle Neutron Scattering (SANS) / Wide-Angle Neutron
Scattering (WANS)

  Toshiji Kanaya, Hiroki Takeshita, Yuichi Nishikoji,
Masatoshi Ohkura, Koji Nishida and Keisuke Kaji

FUNDAMENTAL MATERIAL PROPERTIES  –  Polymer Materials Science  –

Scope of research
The structure and molecular motion of polymer substances are studied using mainly scattering methods such as neutron, X-

ray and light with the intention of solving fundamentally important problems in polymer science.  The main projects are: the

mechanism of structural development in crystalline polymers from the glassy or molten state to spherulites; the dynamics in

disordered polymer materials including low-energy excitation or excess heat capacity at low temperatures, glass transition

and local segmental motions; formation process and structure of polymer gels; the structure and molecular motion of poly-

electrolyte solutions; the structure of polymer liquid crystals.
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   Extensive studies on polymer gels have been per-
formed from various points of view because a wide va-
riety of polymer gels can provide various interesting
features.  One of the most interesting gel-forming poly-
mers is poly(vinyl alcohol) (PVA), which can form gels
on cooling in various solvents including water.

   In the previous studies, we determined the sol-gel
diagram and observed the turbidity of the PVA gels in a
mixture of DMSO and water (60/40 v/v) as a function
of temperature and PVA concentration [1, 2].  These
macroscopic observations implied that the liquid-liquid
phase separation plays an important role in the forma-
tion of the structure of the gels, suggesting that the stud-
ies of mesoscopic structure in µm scale as well as
microspcopic structure in nm scale are very important
to understand the properties of the gels.

   In this paper, we report the results of structural

studies of a PVA gel formed in a mixture of DMSO and
water (60/40 v/v) at 23°C using wide-angle neutron
scattering (WANS), small-angle neutron scattering
(SANS), ultra small-angle neutron scattering (U-
SANS) and light scattering techniques covering a very
wide Q range from 10-4 to 10 Å-1 where Q=4πsinΘ/λ,
2Θ and λ being scattering angle and wavelength of neu-
trons.

Wide-Angle Neutron Scattering measurements [3].
PVA is one of typical crystalline polymers, and hence
the cross-linking points or junction points in the gels are
believed to be crystallites though it has never been di-
rectly confirmed.  First of all, we conducted WANS
measurements on the PVA gel in the Q range of 0.8 to
10 Å-1.  In this experiment, we employed a deuterated
PVA to reduce the incoherent scattering background. In
the scattering curve shown in Figure 1, a strong peak is
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observed at Q=1.39 Å-1 which corresponds to the Bragg
-

diffractions from (101) and (101) planes of PVA crys-
tals, confirming that there exist crystallites in the PVA
gel. It was also shown that the Bragg peak disappears at
about 75°C when the temperature increases.  This tem-
perature agrees with the melting temperature of the
PVA gel, suggesting that the cross-linking points of the
gel are crystallites.

Small-Angle Neutron Scattering measurements [3,
4].  SANS measurements were made on the PVA gel in
the Q range from 0.003 to 0.2 Å-1.  In the Q range above
about 0.05Å-1, the scattering intensity I(Q) decreases
with increasing Q according to the -4th power law (the
Porod's law),

I(Q)  ~  Q -4     (1)

indicating that the surfaces of the crystallites are very
smooth.  On the other hand, the scattering intensity I(Q)
in the Q range below 0.045 Å-1can be described by the
Ornstein-Zernike (OZ) formula

        
I(0)

I(Q)  =     (2)
   ( 1 + ξ 2 Q 2 )

where ξ is a correlation length and I(0) is the scattering
intensity at Q=0.  The values of ξ in the gel is about 180
Å, which corresponds to the distance between the near-
est neighboring crystallites.  The scattering intensity
I(Q) of the opaque PVA gel deviates from the OZ for-
mula and shows an upturn below about 0.008 Å-1 while
the transparent gel, which was obtained by quenching
the homogeneous solution at 100 °C to -40 °C, obeys
the OZ formula in the low Q range down to 0.003 Å-1.
This indicates that the opaque gels have a larger hetero-
geneity than the network structure.  It is easily expected
that this heterogeneity arises from the structure due to
phase separation.

Light scattering measurements [4].  In order to get
direct evidences for the phase separation, time-resolved
light scattering (LS) measurements were carried out on
the PVA gel after quenching to 25°C from 100 °C.  The

scattering intensity I(Q) shows a maximum at about Q =
1.1 x 10-3 Å-1, which does not change during the mea-
surements.  On the other hand, the peak intensity I

m
 at

Q
m
 increases according to an exponential law in the

early stage.  These facts suggests that the phase separa-
tion or spinodal decomposition certainly occurs in the
PVA solution. The characteristic length scale in the
early stage of the phase separation is calculated to be
0.57 µm through the relation  2π/Q

m
.

U-SANS measurements.  In the late stage of the
phase separation, the PVA gel is so opaque that it is
impossible to perform LS measurements on them.   We
therefore conducted U-SANS measurements to see the
structure of the opaque PVA gel.  As shown in Figure 1,
the observed scattering intensity I(Q) shows a broad
maximum at Q = 0.35 x10-3 Å-1, giving a characteristic
length of 1.8 µm. This value is 3.2 times larger than that
evaluated in the early stage, suggesting that the struc-
tural growth further proceeds even in the late stage
against the elasticity of the gel network.

   As was shown in this report, the PVA gel has a
hierarchic structure in a very wide spatial scale from
several Å to several µm and this structure is certainly
related to the interesting properties of the PVA gel.   Fi-
nally a schematic sketch of the hierarchic structure of
the PVA gel is given in Figure 2.

Figure 1. Scattering intensity I(Q) of  the PVA gel in
DMSO-d

6
/D

2
O (60/40 v/v) with Cp = 5 g/dL, which was con-

structed by combining I(Q)’s measured by various scattering
methods.

Figure 2.  Schematic sketch of a PVA gel in DMSO-d
6
/D

2
O

(60/40 v/v) with Cp = 5 g/dL elucidated in this work.
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Solid-State 13C and 1H NMR Analyses of Hydrogen Bonding
and the Conformation of Poly(vinyl alcohol)

Kenji Masuda, Hironori Kaji, and Fumitaka Horii

CP/MAS 13C NMR analyses have been made for different frozen solutions of poly(vinyl alcohol) (PVA) samples
with different tacticities. The CH resonance lines of the frozen PVA solutions split in different ways signifi-
cantly depending on the tacticities and the solvents. These CH resonance lines are well resolved into 9 constitu-
ent lines whose chemical shifts are estimated by assuming the downfield shifts due to intramolecular hydrogen
bonding and the upfield shifts induced by the γ-gauche effect. Furthermore, the relative intensities of the lines
for atactic PVA samples are successfully interpreted by the statistical treatment assuming the statistical forma-
tion of the intramolecular hydrogen bond and the random distribution of the trans and gauche conformations.
Separate 1H CRAMPS analyses have also revealed the existence of the OH groups free from hydrogen bonding
together with hydrogen-bonded OH groups in PVA films.

Keywords: CP/MAS 13C NMR / 1H CRAMPS / Poly(vinyl alcohol) / Hydrogen bonding / Conformation
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The Research activities in this subdivision cover structural studies and molecular motion analyses of polymers and related low
molecular weight compounds in the crystalline, glassy, liquid crystalline, solution, and frozen solution states by high-resolution
solid-state NMR, dynamic light scattering, electron microscopy, X-ray diffractometry, and so on, in order to obtain basic
theories for the development of high-performance polymer materials. The processes of
biosynthesis, crystallization, and higher-ordered structure formation are also studied
for bacterial cellulose.

When hydrogen bonding with the oxgen-oxgen dis-
tance less than about 0.27 nm is formed, 13C chemical
shifts significantly shift downfield for carbons associated
with such hydrogen bonding. For solid poly(vinyl alco-
hol) (PVA) samples with different tacticities, the CH reso-
nance line splits into three lines (lines I, II, and III) in
CP/MAS 13C NMR spectra [1]. These lines are assigned
to the CH carbons associated with the formation of two,
one, and no intramolecular hydrogen bond(s) in the triad
sequences at least for the crystalline component. By ana-
lyzing the relative intensities of the lines, we have al-
ready clarified features of hydrogen bonding for differ-
ent PVA samples [1,2]. In this report, a similar analysis is
applied to frozen PVA solutions, where conformational
effects should be also considered. The first detection of
the OH groups free from hydrogen bonding by 1H

CRAMPS  is also briefly reported for PVA films.
The triad tacticities of PVA samples used in this work

are as follows: HI-PVA (mm = 0.79, mr = 0.19, rr  = 0.02),
MI-PVA (mm = 0.66, mr = 0.28, rr  = 0.06), LI-PVA (mm
= 0.50, mr = 0.39, rr  = 0.11).

 CP/MAS 13C NMR spectra were measured on a JEOL
GSX-200 spectrometer operating under 4.7 T. 1H
CRAMPS spectra were obtained on a Chemagnetics
CMX-400 spectrometer operating under 9.4 T by using
the BR-24 multiple pulse sequence [3].

Figure 1 shows CP/MAS 13C NMR spectra of frozen
DMSO-d

6
 solutions of PVA samples with different

tacticities, which were measured at -50˚C [4]. For refer-
ence, the spectrum of the crystalline component for A-
PVA films prepared from 10 wt% DMSO solution is also
shown in this figure. The broken lines indicate 13C chemi-
cal shifts of lines I, II, and III in the crystalline state. In
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the frozen A-PVA/DMSO-d
6
 solution, the CH resonance

line clearly splits into two lines and these two lines have
the same chemical shifts as lines II and III. In the frozen
LI-PVA solution, however, the CH resonance line does
not split clearly. In the frozen MI-PVA and HI-PVA solu-
tions appears only a single line whose chemical shift is in
disagreement with that of either line II or III. It has also
been found that CP/MAS 13C NMR spectra of frozen PVA
aqueous solutions are significantly different from the spec-
trum of the crystalline component of PVA films.

The CH resonance lines of frozen PVA solutions,
whose line splitting greatly depends on the solvents and
tacticities as described above, can be well resolved into 9
constituent lines. These lines have different chemical
shifts estimated by assuming the downfield shifts due to
intramolecular hydrogen bonding and the upfield shifts
induced by the γ-gauche effect [5]. Furthermore, the rela-
tive intensities of the respective constituent lines are suc-
cessfully interpreted by the statistical treatment assum-
ing the statistical formation of the intramolecular hydro-
gen bonds for the two appropriately successive OH groups
and the random distribution of the trans and gauche con-
formations along the PVA chains. The probabilities for
the trans conformation and the intramolecular hydrogen
bond are also determined through this analysis for the
atactic PVA samples. In contrast, such a statistical analy-
sis cannot be applied to the cases of frozen solutions for
PVA samples with higher isotacticity, suggesting the pref-
erable formation of some specific conformations.

Similar statistical analyses have been also conducted
for the crystalline and noncrystalline components of A-
PVA films. In particular, the contribution of the gauche
conformation can be well considered for the non-crystal-
line component as in the cases of the frozen solutions.
The features of the crystalline and non-crystalline states
of different PVA samples will be interpreted in terms of
the probabilities of the intramolecular hydrogen bond and
the trans conformation.

Figure 2 shows 1H CRAMPS spectra of three types of
A-PVA films; (a) A-PVA films, (b) OH-group deuterated
films (A-PVA-d

1
), (c) main-chain deuterated A-PVA (A-

PVA-d
3
). We have already been assigned three main reso-

nance lines to OH, CH, and CH
2
 protons in the order of

increasing field [6]. Here, the OH line is markedly broader
than the other two lines, probably reflecting the wide dis-
tribution of hydrogen bonding. However, the relative in-
tegrated intensity of the OH, CH, and CH

2
 lines is not in

accord with the composition ratio 1:1:2, because the in-
tensity of the OH line is much low. In this figure, the
results obtained by the lineshape analysis are also shown,
in which a Gaussian curve is assumed for each line. It is
found that an additional contribution indicated as OH

f

should be introduced at 2.8 ppm to obtain best fitting.
Moreover, the total intensity of the OH and OH

f
 lines

well agrees with that of the CH line. In sample A-PVA-
d

1
, the OH

f
 line is greatly reduced in intensity together

with the decrease of the OH line. From these experimen-
tal results, it is concluded that the OH

f
 line should be

assigned to the OH protons free from hydrogen bonding.
   As is described above, solid-state 13C and 1H NMR

spectroscopies are found to be useful in characterizing
hydrogen bonding and the conformation in different states
of PVA.
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Figure 1. CP/MAS 13C NMR spectra of frozen DMSO-d
6
 solu-

tions of PVA samples with different tacticities, measured at
-50˚C: (a) A-PVA, (b) LI-PVA, (c) MI-PVA, (d) HI-PVA, (e)
crystalline component of A-PVA films.

Figure 2. 1H CRAMPS spectra of three types of A-PVA films,
measured at room temperature.
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Controlled Graft Polymerization on Silicon Substrate
by the Combined Use of the Langmuir-Blodgett and
Atom Transfer Radical Polymerization Techniques

The atom transfer radical polymerization technique using the copper/ligand complexes was applied to
the graft polymerization of methyl methacrylate on the Si wafer on which the monolayer of the
initiator, 2-(4-chlorosulfonylphenyl) ethyl trimethoxysilane, was immobilized by the Langmuir-
Blodgett technique.  Atomic force microscopic and ellipsometric studies revealed that the
polymerization with an additional initiator afforded a homogeneous graft layer, the thickness of which
increased proportionally to the number-average molecular weight of the narrow-polydispersity
homopolymers produced in the solution.  This suggests that the graft polymerization is successfully
controlled by the Cu/ligand complexes in the same way as the solution polymerization.

Keywords: Surface modification / Monolayer / Immobilization / Controlled radical polymerization /

Graft layer / Ellipsometry

Muhammad Ejaz, Shinpei Yamamoto, Kohji Ohno, Yoshinobu Tsujii,
Takeshi Fukuda and Takeaki Miyamoto

ORGANIC MATERIALS CHEMISTRY  — Polymeric Materials —

Scope of research

Basic studies have been conducted for better understandings of the structure/property or structure/function relations of polymeric
materials and for development of novel functional polymers. Among those have been the studies on (1) the syntheses and
properties of cellulose- and oligosaccharide-based functional polymers, e.g., bio-degradable polymers, liquid crystals and
polymers of well-defined structure having pendant oligosaccharides, (2) the structure of polymer gels, ultrathin films and polymer
alloys, and (3) the syntheses of new types of block and graft copolymers and fullerene(C

60
)-including polymers.
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Recently much interest has been directed towards new
ways to modify surfaces of solid substrates for potential
applicability. Graft polymerization starting with the initi-
ating sites fixed on the surface is one of the most effec-
tive and versatile methods for such surface modification.
However, it is usually very difficult to control molecular
weight, molecular weight distribution, and surface den-
sity of graft chains.  We attempted to precisely control all
these three parameters by the combined use of two inde-
pendent techniques: one is the Langmuir-Blodgett (LB)
technique to provide a well organized set of initiating
sites on the substrate, and the other is the atom transfer
radical polymerization (ATRP) technique using
copper(Cu) /ligand(L) complexes1) to achieve a con-

trolled graft polymerization.  ATRP is one of the several
techniques of controlled/”living” radical polymerization
that has been attracting much attention as a new route to
well-defined polymers with low polydispersities.2)

In this work, we have examined the graft polymeriza-
tion of methyl methacrylate (MMA) by ATRP on an ini-
tiator-fixed substrate.  2-(4-Chlorosulfonylphenyl) ethyl
trimethoxysilane (CTS) was used as an initiator which
can be immobilized on an oxidized silicon substrate; the
Cl atom of a chlorosulfonyl group (-SO

2
Cl) is easily ab-

stracted by the Cu/L complex, and the produced -SO
2
*

radical initiates the radical polymerization.
Immobilization of Initiator

Figure 1 schematically illustrates the immobilization
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DONKAI,

Nobuo
(D Eng)



ICR Annual Report, Vol. 4, 1997 31

process of the initiating groups.  CTS was spread from a
chloroform solution on the clean water surface in a
Langmuir trough, where methoxysilyl groups (≡Si-
OCH

3
) of CTS were presumably hydrolyzed to silanol

groups (≡Si-OH).  The surface pressure (π) – occupied
area (A) isotherm of CTS suggests the formation of a
monolayer on the water surface. When π was kept 10
mN/m at which the isotherm gave the steepest rise, the
occupied area decreased by about 10%, approaching a
constant value.  This initial decrease in A might be due to
the polycondensation between silanol groups formed by
the hydrolysis of CTS on the water surface.

After the surface monolayer was annealed for 30 min
at π = 10 mN/m, it was transferred by the lifting-up
method onto the oxidized silicon substrate.  The transfer
ratio, defined as the difference in the water surface area
before and after the deposition divided by the substrate
surface area, was approximately unity, indicating suc-
cessful deposition and the formation of a Z-type mono-
layer film.  Thermal treatment of thus obtained substrate
at 110 oC for 20 min was carried out to promote the reac-
tion of unreacted silanol groups of CTS with silanol
groups on the silicon substrate, forming covalent bonds
between the CTS film and the substrate.  The atomic
force microscopic (AFM) observation suggests that ho-
mogeneous immobilization of CTS has been achieved.
Controlled Graft Polymerization

The graft polymerization on the initiator-fixed sub-
strate was carried out for various periods at 90 oC in a
degassed diphenyl ether solution of CuBr, 4,4’-di-n-
heptyl-2,2’-bipyridine (ligand), MMA, and an additional
initiator, p-toluenesulfonyl chloride (TsCl). The poly-
merization without TsCl gave free homopolymers with
high polydispersities (M

w
/M

n
 > 3) like the conventional

radical polymerization.  This is presumably because the

concentration of initiator in the solution was much too
low to control the polymerization.  In fact, addition of an
appropriate amount of TsCl as a free initiator in solution
brought about well-controlled polymerization; the free
homopolymers had relatively low polydispersities and
the M

n
 values were proportional to the monomer conver-

sion with the slope which is very close to the theoretical
values defined by the feed concentration of TsCl.  This
indicates that the number of polymer chains is kept con-
stant during the polymerization and hence transfer and
termination reactions are negligible.

The AFM observation revealed that a homogeneous
polymer layer was formed on the substrate.  We con-
firmed by repeatedly rinsing the substrate with chloro-
form that the polymer chains were not physically
adsorbed but chemically anchored onto the substrate.
Ellipsometric study revealed that the thickness of the
grafted layer increased with time, and the polymerization
with a lower concentration of TsCl gave a thicker layer
with the same polymerization time. Since the molecular
weight of the polymer grafted on the substrate should be
somehow correlated to that of the homopolymer pro-
duced in the solution, the graft layer thickness was plot-
ted against the M

n
 values of the homopolymer in the so-

lution (Figure 2).  A proportional relationship was ob-
tained between them, and the slope of the line was inde-
pendent of the concentration of TsCl.  This strongly sug-
gests that the M

n
 of the graft polymer is almost equal or at

least proportional to that of the homopolymer and the
graft density is constant during the course of polymeriza-
tion.  Thus, it was concluded that the graft polymeriza-
tion is controlled by the Cu/ligand complexes in the same
way as the solution polymeirzation.
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Figure 2 Relationship between graft-layer thickness and M
n
 of

free homopolymers produced in solution.

Figure 1 Schematic illustration of the immobilization process
of the initiator by the LB technique.
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Hydrocarbon Molecules with Novel Structure: the First
Fullerene Derivative Having a Fulvene-Type π-System and

Polycyclic Aromatics Having σ-π Conjugation

A spacious π-conjugated carbanion such as fluorenyl anion was found to add to fullerene C60 with high
positional selectivity to afford the first tetrakisadduct of C60 having a fulvene-type π-electronic system
on its spherical surface.  This derivative reacts with various carbon nucleophiles at the fulvene’s “exocy-
clic” sp2 carbon to give the corresponding cyclopentadienide ion.  Also synthesized were the polycyclic
aromatic hydrocarbons fully annelated with a rigid bicyclic framework, i.e. bicyclo[2.2.2]octene.  These
planar polycyclic systems are characterized by the high oxidizability affording stable cation radicals and
dications.

Keywords: C60 / π-conjugation / electrochemistry / [4+2] cycloaddition / carbanion / cation radical

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

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

Scope of Research

Fundamental studies are being made for creation of new functional materials with novel structures and properties and for
utilization of high pressure in organic synthesis.  The major subjects are: synthetic and structural studies on novel cyclic π-
systems; chemical transformation of fullerene C60; utilization of carbon monoxide and dioxide for organic synthesis under the
transition-metal catalysis.

1.  The First Tetrakisadduct of Fullerene C60 Having
a Fulvene-Type π-System on the Spherical Surface
[1].

Fulvene (1) is a polarized cross-conjugated π-system,
which reacts with nucleophiles selectively at the exocy-
clic sp2 carbon to generate a cyclopentadienide ion.  It is
of great interest to construct such a π-system on the
spherical surface of the fullerene molecule.

The reaction of C60 with an excess amount of potas-
sium fluorenide (3 equiv) in THF for 72 h under argon
(but without rigorous exclusion of air) afforded tetrakis-
(9-fluorenyl)adduct 2 as a black powder in 40% yield.
The results of X-ray crystallography of 2 (Figure 1)
clearly indicated that the four sp2 carbons (C-1 – C-4) of

the fulvene structure are isolated from the outer rim π-
conjugated system by four sp3 carbons each bearing a
fluorenyl group and that there is considerable bond alter-
nation comparable to that in the previously reported pla-
nar fulvene derivatives.

Compound 2 reacts with various carbon nucleophiles
selectively at the C-6 carbon to give stable cyclopenta-
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Figure 1.  Molecular structure of 2 determined by Dr. M. Shiro
of Rigaku Corp.  The fulvenyl carbons and sp3 carbons on the
C60 cage are darkened for comprehensibility.

dienide ions.  Of particular interest is the pentakis(9-
fluorenyl)adduct 3, which has the C5 symmetric structure
with the five spacious fluorenyl groups arrayed in a pro-
peller-like arrangement (Figure 2).  This anion under-
goes a reversible one-electron oxidation to give a stable
radical as shown by cyclic voltammetry and ESR experi-
ments.

Figure 2.  Space-filling representation of the AM1-optimized
structure of 3.

2.  Synthesis, Structure, and Oxidizability of Polycy-
clic Aromatic Hydrocarbons Surrounded by Rigid
Bicyclic Frameworks [2, 3].

In our previous studies, annelation with rigid bicyclic
frameworks such as bicyclo[2.2.2]octene (abbreviated as
BCO) was shown to be effective in stabilization of the
positively charged, cyclic π-conjugated systems [4].  It is
assumed that the rigidly held σ-bonds in the BCO unit
exert not only the inductive effect but the σ-π conjuga-
tive (C-C conjugative) effect so that the HOMO levels of
the π-system are raised.

Thus, the BCO dimer 4 exhibited high reactivity as a
diene to give various [4+2] cycloadducts, which can be
transformed, for example, into representative polycyclic
benzenoid aromatics with 14 and 12 π-electrons, an-
thracene 5 and biphenylene 6, as shown in Scheme 1.

In accord with the expectation, hydrocarbons 5 and 6
were characterized by the remarkably low oxidation po-
tentials to generate the stable cation radicals (E1/2  +0.21
and +0.33 V vs Fc/Fc+) and less stable dications (Epa

+0.87 and +1.03 V).  Chemical oxidation with NO+BF4
-

afforded the stable cation radical 5+. (red-violet) and 6+.

(blue-violet) as the BF4- salts, the dichloromethane solu-
tions of which exhibited the triplet and 9-line ESR spec-
tra respectively.

The chemical two-electron oxidation of anthracene 5
readily proceeded by the use of SbF5 to give the blue-
colored solution of dication 52+, which was identified by
both 1H and 13C NMR measurements.  Elevation of the
HOMO level of 5 was also demonstrated by its high reac-
tivity as diene in the [4+2] reaction with various
dienophiles affording the dibenzobarrelene derivatives 7
(Scheme 2).  Studies are now under way to investigate
the unique electronic properties of 7 and to extend this
methodology for the synthesis of the corresponding
triptycene derivative.

4

DDQ

BuLi

–LiBr

6

Ph2SiH2

5

O

O

O

O

SOPh

Br

Br

H H

Br2

Scheme 1

Cl
Cl

CNNC

R
R

or 7

5

1)

2) Li / t-BuOH

R = H, CN

References
1.  Murata Y, Shiro M and Komatsu K, J. Am. Chem. Soc., 119,

8117 (1997).
2.  Matsuura A, Nishinaga T and Komatsu K, Tetrahedron

Lett., 38, 3427 (1997).
3.  Matsuura A, Nishinaga T and Komatsu K, Tetrahedron

Lett., 38, 4125 (1997).
4.  Komatsu K, J. Synth. Org. Chem., Jpn., 54, 868 (1996).

Scheme 2

                             Top view                                 Side view



ICR Annual Report, Vol. 4, 199734

Toward Silicon-Catenated Silole Polymers, Poly(1,1-silole)s:

Syntheses and Structures of Oligo(1,1-silole)s

Shigehiro Yamaguchi, Ren-Zhi Jin, and Kohei Tamao

SYNTHETIC ORGANIC CHEMISTRY       –Synthetic Design–

A series of 1,1-difunctionalized siloles have been synthesized from 1,1-diaminosiloles, which have been
prepared via the intramolecular reductive cyclization of diaminobis(phenylethynyl)silane.  With the 1,1-
difunctionalized siloles in hand, oligo(1,1-silole)s, silole oligomers catenated through silicons, have been
synthesized as model compounds of poly(1,1-silole)s. UV absorption spectra of the oligosiloles have been
determined, in which tersilole and quatersilole have unique absorption maxima around 280-290 nm.

Poly(1,1-silole)s, silole (silacyclopentadiene)

polymers catenated through the ring-silicons, constitute a

new class of polysilanes with σ∗−π∗ conjugation, as
shown in Figure 1.  In the silole ring itself, there is a

significant low-lying LUMO energy level due to the σ∗−
π∗ conjugation arising from the interaction of the σ*
orbital of the two exocyclic σ bonds on silicon with the

π* orbital of the cisoid-butadiene moiety [1].  This type

of orbital interaction would also take place in the
polymeric system, as schematically shown in Figure 1.

Thus, σ∗−π∗ conjugation between the σ* orbital

delocalized over the polysilane main chain and the π*-
orbital localized on the cisoid-butadiene moiety in every

silole ring would lower the LUMO level.  Poly(1,1-

silole)s are thus interesting target molecules to
synthesize, while only a few silole dimers have been

Keywords: Silole / Poly(1,1-silole) / Oligo(1,1-silole) / σ∗−π∗ Conjugation / Polysilane /

Intramolecular reductive cyclization / UV absorption spectra

Si
Si

Si
Si

Figure 1.  Schematic drawings of Poly(1,1-silole) and σ*–π* 
conjugation in the LUMO.
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synthesized to date.  Reported herein are our recent

results toward the still veiled poly(1,1-silole)s.

1.  A New Synthetic Route to 1,1-Difunctionalized
Siloles [2]

For the synthesis of poly(1,1-silole)s, 1,1-

functionalized siloles, especially 1,1-dichlorosiloles, are
an important class of compounds as starting materials.

However, their synthetic methodologies have been

rather limited.  We have now developed a new general
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synthetic route to 1,1-functionalized siloles using 1,1-
diaminosiloles as key compounds.

Our method is based on the intramolecular

reductive cyclization of bis(phenylethynyl)silanes,
which we have recently developed [3].  Thus,

bis(diethylamino)bis(phenylethynyl)silane was added

dropwise into an excess amount of lithium naphthalenide
(4 molar amount) at –78 °C to form 2,5-dilithio-1,1-

diaminosilole cleanly.  The dil i thiosilole was

successfully trapped with dimethyl sulfate to form 2,5-
dimethyl-1,1-diaminosilole in good yield.  A series of

1,1-difunctionalized siloles having alkoxy, Cl, and F

functionalities were prepared by the conventional
functional group transformation from 1,1-diaminosiloles

(Scheme 1).  The present methodology is also applicable

to the synthesis of 1-monofunctionalized siloles.

2.  Oligo(1,1-silole)s as Models of Poly(1,1-silole)s [4]
With the silicon-chlorinated siloles 5 and 6 in

hand, we have succeeded in the preparation of a series of

oligo(1,1-silole)s from dimer 2 to tetramer 4 (Chart 1).
Thus, silole trimer, tersilole 3, has been obtained by the

coupling of monochlorosilole 5 with silole dianion 7,

which was cleanly prepared from 1,1-dichlorosilole 6
with Li in THF.  Quatersilole 4 has also been obtained by

a similar coupling reaction.  Thus, 1,1-dichlorosilole 6
was reduced with 3 molar amount of Na, resulting in the
formation of a mixture of the bisilole dianion 8 and the

silole dianion 7.  The mixture was treated with 1.5 molar

amount of 1-chlorosilole to afford quatersilole 4 and
tersilole 3 in 20% and 8% yields, respectively.  These are

the first examples of oligo(1,1-silole)s catenating more

than three silole rings.
UV absorption data are summarized in Table 1, in

which the data of the perphenyl- and permethyl-trisilanes

and tetrasilanes are also given for comparison.  The
monosilole 1 has two absorption bands around 250 nm

and 310 nm, assignable to the π−π* transitions of the

phenyl and silole moieties, respectively.  In comparison

with the monosilole 1, the oligosiloles 2-4 show distinct
spectra, where the absorption of the silole moieties is

hidden by broad bands.  Remarkably, tersilole 3 and

quatersilole 4 have unique absorptions at around 280 and
290 nm, respectively.  These absorption maxima are 50-

60 nm longer than those of the permethyl oligosilanes.

In comparison with the perphenyl counterparts, 3 has a
20 nm longer λmax and 4 has a comparable λmax.  As

mentioned previously, the unique absorptions of the

oligo(1,1-silole)s would have arisen from the orbital
interactions.

Scheme 1
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1. Yamaguchi S, and Tamao K,  Bull. Chem. Soc. Jpn.

69, 2327 (1996).

2. Yamaguchi S, Jin R.-Z, Tamao K, and Shiro M,

Organometallics, 16, 2230 (1997).
3. Tamao K, Yamaguchi S, and Shiro M, J. Am. Chem.

Soc., 116, 11715 (1994).

4. Yamaguchi S, Jin R.-Z, Tamao K, and Shiro M,
Organometallics, 16, 2486 (1997).

Table 1.  UV  Spectral Data for Oligo(1,1-silole)sa

____________________________________________

compound λmax / nm logε
____________________________________________

monosilole 1 307 3.22
bisilole 2 255 4.42
tersilole 3 279 4.60
quatersilole 4 289 4.59

Ph(Ph2Si)3Phb 255 4.51
Ph(Ph2Si)4Phc 288 4.36
Me(Me2Si)3Med 216 3.96
Me(Me2Si)4Med 235 4.17

____________________________________________
a In chloroform.  b Gilman H, Atwell W. H, Sen P. K, and
Smith C. L, J. Organomet. Chem., 4, 163 (1964).    c Gilman H,
and Atwell W. H, J. Organomet. Chem., 4, 176 (1964).  d

Gilman H, Atwell W. H, and Schwebke G. L, J. Organomet.
Chem., 2, 369 (1964).
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Enzymatic kinetic resolution of racemic alcohols
through acylation or de-acylation has been extensively
studied and established as one of the most effective
methods for the preparation of optically active alcohols.
Non-enzymatic alternatives in this field have also been
developed recently.  Use of stoichiometric amounts of
chiral acylating agents effected the kinetic resolution of
racemic alcohols with high stereoselectivity.1  On the
other hand, the corresponding catalytic process is still in
the developmental stage.  We report here development
and properties of a new nucleophilic catalyst 1.2

In designing the catalyst, we focused on how strict
stereocontrol could be realized without retarding its
catalytic activity.  We chose 4-pyrrolidinopyridine as a
model of the active site because it is known to be the
most effective catalyst for the acylation of alcohols.  To
achieve effective stereocontrol, a conventional strategy
would involve the introduction of sterically demanding
asymmetric center(s) near the active site (pyridine-
nitrogen).  However, this would lead to a dramatic
reduction in the catalytic activity.  To overcome the

Kinetic Resolution of Racemic Alchols by a New Nuclephilic

Catalyst

Takeo Kawabata, Minoru Nagato, Kiyosei Takasu and Kaoru Fuji

A new nucleophilic catalyst 1 promotes the kinetic resolution of racemic alcohols through

enantioselective acylation at ambient temperature.  The Key feature of 1 involves an induced fit

intermediate due to the π-π interaction, although 1 exists in the open conformation in the ground state.

Keywards : Kinetic resolution/ Acylation/ Nucleophilic catalyst/ Diol

selectivity-reactivity dilemma, we designed catalyst 1 in
which stereo-controlling chiral centers are located far

from the active site.  This catalyst is expected to cause
remote asymmetric induction through chirality transfer
from the C(1) and C(8) chiral centers to the active site
(N-acyliminium) in the reactive intermediate (Figure 1).

Catalyst 1 was prepared from a known racemic ketone
2.  Addition of 2-lithiomethylnaphthalene to 2 followed
by hydrogenolysis gave 3 in 80% yield.  Racemic 3 was
resolved by recrystallization of the salt obtained with (-)-
camphorsulfonic acid to give 3 in enantiomerically pure
form.  A pyridine moiety was introduced into 3 by the
palladium-catalyzed coupling with 4-bromopyridine to

Scope of Research
The research interests of the laboratory include the development of new synthetic methodology, molecular recognition, and

screening of antitumor natural products.  Programs are active in the areas of use of chiral leaving groups for an asymmetric
induction, desymmetrization of symmetrical compounds, asymmetric alkylation of carbonyl compounds based on “memory of
chirality”, use of binaphthalenes in the asymmetric Wittig-type reactions, syntheses of molecular switch, and Taxus diterpenoids.
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Figure 1. 1H NMR study of 1 (A) and its acyliminium ion (B) in 
CDCl3 at 20 °C.  Arrows denote the observed NOE's.  In A, 
protons Ha, Hb and Hc, Hd appear at δ 8.01 and 6.37 ppm, 
respectively.  In B, protons Ha, Hb, Hc, and Hd appear 
independently at δ 7.45, 8.73, 5.69, and 6.87 ppm, respectively.

give 1 in 84% yield.  Using catalyst 1, the kinetic
resolution of racemic alcohols 4-8 was examined.
Treatment of racemic 4a (R=iPr) with 5 mol % of 1 and
0.7 mol equivalent of isobutyric anhydride in toluene at
ambient temperature gave 9 and recovered 4a in yields of
60% and 27%, respectively.  The optical purity of
recovered 4a was 76% ee.  With pivaloate 4b (R=tBu),
the enantioselectivity increased to 94% ee.  When
benzoate and substituted benzoates were used as
substrates, a clear tendency was observed:  the stronger
the electron-donating ability of the aromatic ring, the
higher the enantioselectivity of the reaction.  The
enantiomerically pure (>99% ee) alcohol 4c (R=p-
Me2NC6H4) was recovered from the kinetic resolution of
racemic 4c with 5 mol % of 1 at 72% conversion.  Even
with 0.5 mol % of catalyst 1 (substrate : catalyst =  200 :
1), the optical purity of the recovered 4c was 93% ee.
The kinetic resolution of several racemic mono(p-

dimethylaminobenzoate) of diols was examined with 5
mol % of 1.  In both cyclic diol-monoesters 5-7 and the
acyclic variant 8, acylation proceeded enantioselectively
to give the recovered alcohols with 92 ~ 97% ee at 70 ~
77% conversion.

To obtain insight into the reaction mechanism, the 1H
NMR spectra of 1 and its N-acyliminium ion were
measured in CDCl3 at 20 °C (Figure 1).  The observed
NOE’s suggest that the preferred conformation for 1 is an
“open conformation”(A),  in which the naphthalene ring
and the pyridine ring lie apart from each other.  Protons
Ha and Hb are indistinguishable and appear at δ 8.01
ppm.  Similarly, protons Hc and Hd appear at δ 6.37

ppm.  These observations indicate free rotation of the
N(2)-C(1') bond and no significant interactions between
the naphthalene ring and the pyridine ring.  The N-
acyliminium ion (B) is assumed to be the reactive
intermediate in the catalytic cycle, and was alternatively
formed by mixing 1 and isobutyryl chloride in a 1:1 ratio
in CDCl3.  Protons Ha, Hb, Hc, and Hd appear
independently at δ 7.45, 8.73, 5.69, and 6.87 ppm,
respectively.  The significant upfield shift (0.56~0.68
ppm) of Ha and Hc as well as the downfield shift

(0.50~0.72 ppm) of Hb and Hd indicate π−π interaction
between the naphthalene ring and the acylpyridinium
moiety.  We refer to this conformation as a “closed
conformation”.  Informative NOE’s were observed
between Hb and the proton, N+COCH(CH3)2 , which
imply that the si  face of the carbonyl group is blocked by
the naphthalene ring and the re face is open for reaction
with alcohols.

Catalyst 1 exists in an “open conformation” (A) in its
ground state, which is free from steric interaction at the
active site.  Thus, a facile reaction takes place with acid
anhydride.  The resulting acylpyridinium intermediate
(B) is stabilized by attractive π−π interaction between the
electron-deficient acylpyridinium π-system and the
electron-donating naphthalene ring.  The “closed
conformation” is suitable for controlling the π-facial
reactivity of the N-acyliminium ion, which directs the
enantioselectivity of the subsequent acylation of
alcohols.  The reorganization of the catalyst triggered by
binding of the specific substrate (acid anhydride) is
referred to as an “induced-fit” process, which is currently
recognized as a key process in enzymatic catalysis.
Since the enantioselectivity of the reaction increases in
proportion to the electron-donating ability of the
aromatic part of the substrates, it is suggested that the
participation of additional π−π interaction between the 4-
aminopyridinium π-system of B and the aromatic ring of
the substrates.  The π−π interaction involving the
substrate-binding and -recognizing properties of catalyst
1 would regulate the direction of the substrate approach.
The total catalytic process would result from co-
operative and consecutive events at the active site
(pyridine-nitrogen), the stereo-controll ing site
(naphthalene moiety), and the binding site (4-
aminopyridinium π-system).  Although the proposed
mechanism is speculative, it is worth noting that catalyst
1 has similar properties as enzymes have acquired only
after a long history of evolution.

In summary, we have developed a catalyst 1 for the
kinetic resolution of racemic alcohols.  The properties of
1 appear to approach some of the enzymatic functions
with regard to mildness of the reaction conditions,
enantioselectivity, and the reaction mechanism.  Another
distinctive feature of 1 is its catalyst design based on
attractive interaction in non-organometallic species,
which is in contrast to the conventional design of
catalysts based on repulsive steric interaction in the
coordination sphere of the central metal.  Catalyst 1 is
also expected to catalyze several other types of
asymmetric reactions in addition to the kinetic resolution
of alcohols such as peptide-bond formation, carbon-
acylation, and lactonization.
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Stereochemical Control of Yeast Reduction of α-Keto Esters

in an Organic Solvent

Kaoru Nakamura, Shin-ichi Kondo, Nobuyoshi Nakajima, and Atsuyoshi Ohno

Yeast reduction of α-keto esters in water afforded the corresponding  (R)-hydroxy ester while the
antipodes were obtained in the reduction in benzene.   To elucidate the mechanism for stereochemical
control of yeast reduction, seven enzymes responsible for the reduction have been isolated from bakers'
yeast and kinetic parameters for enzymatic reductions have been measured.   It was found that the (R)-
producing enzymes have smaller Kms than those of the (S)-producing enzymes.   When the reaction is
run in benzene, however, the produced α-hydroxy ester does not undergo further decomposition.   The
inhibition of enzymatic decomposition in an organic solvent is also accounted for by low concentration
of α-hydroxy ester in aqueous phase surrounding the bakers' yeast.

Keywords: Stereochemical control / Microbial reduction / Organic solvent

   Microbial reductions have widely been used to

synthesize chiral alcohols because of their easiness in

treatment and mild reaction conditions.   Unfortunately,

however, enantioselectivities of microbial reductions are

not usually satisfactory, and it is necessary to improve

low enantioselectivity of yeast reduction.   We have been

developed several methods to control stereochemistry of

yeast reduction without changing microbes, i.e.,

modification of substrate, addition of an inorganic salt,

addition of an inhibitor to the specific enzyme, and

thermal treatment.   Here, we report that the use of an

organic solvent affects largely the stereochemistry of

yeast reduction of α-keto esters.  For example, ethyl 2-

oxohexanoate (ld ) was reduced to (S)-ethyl 2-

hydroxyhexanoate ((S)-2d) in 99% e.e. and to the

antipode, (R)-2d, in 86% e.e. by the reaction in water and

benzene, respectively.   The same tendency was observed

in the reduction of 1f.   Here, although both reactions in

water and in benzene afford the same isomer, (R)

products, enantioselectivity increases from 19% e.e. to

90% e.e. by changing the medium from water to

benzene.   Enantioselectivity of the reduction shifts to

(R)-side in nonpolar organic solvent such as benzene or

hexane compared to that in water.

   To elucidate the mechanism the effect of organic

solvent on stereochmical control of yeast reduction,

enzymes were isolated from bakers' yeast and kinetic

parameters of these α-keto ester reductases were

measured.   Five reductases (YKER-I, -IV, -V, -VI, and -
VII) are found to be responsible to the reduction of ld.

BIOORGANIC CHEMISTRY   – Bioorganic Reaction Theory  –

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

mechanism and stereochemistry of NAD-dependent oxidoreductases are explored.   Stereospecific redox
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Among them, two enzymes (YKER-V and -VII)

afforded (S)-2d and the other three enzymes (YKER I, -

IV, and -VI) gave (R)-2d.   Kinetic study reveals that

YKER-IV and -VI have smaller Km (0.14 mM and 1.03

mM, respectively) than the other enzymes.   Then, the

reduction of 1d in benzene is catalyzed mainly by

YKER-IV and -VI affording (R)-2d, whereas the

reduction in water is also contributed by YKER-V and -

VII.   Concentration of α-keto ester in yeast cell plays an

important role for the stereochemistry of reduction in an

organic solvent system.   Since the substrate is more

soluble in benzene than in water, the substrate

concentration in the aqueous phase around yeast cell.

Although stereoselectivity of the reduction in benzene is,

thus, explainable quantitatively (e.e. of yeast reduction =

86% (R) and that of YKER-IV = 88% (R)) on the basis of

enzyme activity, that in water can be reproduced only

qualitatively: e.e. of yeast reduction (99% (S)) exceeds

that of enzymatic reduction (31% (S) and 84% (S) for

YKER-V (Km = 5.7 mM) and -VII (Km = 27 mM),

respectively).   The phenomenon can be accounted for by

asymmetric decomposition of the (R)-product.   During

yeast reduction in water, certain α-hydroxy esters (2c,

2d, and 2e), the products, are decomposed under the

catalysis of bakers' yeast.   Thus, the (R)-α-hydroxy

esters are decomposed preferentially remaining the

antipodes unaffected.   The asymmetric decomposition is

one of the tricks for stereochemical control of yeast

reduction of α-keto esters in water.   For example, when

racemic 2d was incubated with bakers' yeast in water, the

R-isomer disappeared after 2 h and only the S-

counterpart was recovered.   On the other hand, the

enzymatic decomposition of (R)-2d was not observed

when the reaction was run in benzene under the same

conditions as those for the reduction in benzene.

Suppress of asymmetric decomposition in benzene is

also accounted for by the decrease in substrate

concentration in the aqueous phase.   Apparent Km for

the decomposition was determined to be 2.2 mM by

measuring initial rate of the decomposition of 2d

catalyzed by whole bakers' yeast cell in water.   Since the

concentration of 2d in the aqueous phase is much smaller

than Km for the decomposi t ion,  the rate of

decomposition of the produced α-hydroxy esters

dramatically depressed in benzene.
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   Transcription factors alone do not bind to DNA with

enough specificity to discriminate a unique gene from the

whole genomic DNA.  This fact alone suggests that

transcription is controlled by multi-protein complexes in

which the sequence-specificity of DNA binding by each

proteins is modulated by the combinatorial interactions

between proteins themselves.  Therefore, understanding

the sequence-specific DNA binding by proteins requires

a coherent elucidation of the mechanisms in which the

protein-DNA interaction and protein-protein interaction

complement one another to enhance the specificity of

recognition.

   Interestingly, nature uses the above proposed strategy

to gain sequence-specific DNA binding, for transcription

Arranging Functional Quarternary Structures of DNA

Binding Peptides
Takashi Morii, Yasunori Aizawa, Yukio Sugiura

Our research seeks to use a combination of synthetic, organic biochemical and molecular biological

approaches to study the principle of molecular recognition associated with biological macromolecules.

We have focused mainly on the action of transcription factors, especially that of the basic leucine zipper

proteins.  The model systems described herein have been used to address the issues of protein-protein

and protein-DNA recognitions in far greater detail than is possible with the native protein systems.

Key Words:Molecular recognition/ Cooperativity/ Host-guest complex/ Dimerization/

Oligomerization/ Leucine zipper protein

Figure 1.  Possible DNA binding Structure of GCN4 basic

region peptide dimer with β-cyclodextrin/adamantane

dimerization module.
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factors and bacterial repressors often operate as homo- or

hetero-dimers, or as higher oligomers.  The sequence-

specific DNA binding of dimeric protein offers the

simplest example for the recognition event including both

the protein-DNA and the protein-protein interactions.

   We have already developed some model systems that

seek to understand the functional roles of dimerization

on the sequence-specific DNA binding properties of

dimeric proteins.  The first model system applies a steric

constraint on the two DNA contact regions of the dimeric

peptides since formation of the well ordered dimer would

determine the relative orientation of each monomer [1, 2,

3].  The position of the recognition helices relative to DNA

is constrained by such a quaternary structure formation.

Moreover, this positioning would also be dictated by the

shape and size of the dimerization module.

   DNA Binding Of Peptide Dimers With An Artificial

Dimerization Module.  Another role for the protein

dimerization domain is to modulate the cooperativity of

DNA binding by non-covalent protein-protein interac-

tions.  The protein-protein interaction plays a key role in

both enhancing the selectivity of specific DNA binding

and in increasing the sensitivity of equilibrium binding to

changes in protein concentrations.  To this end, an artifi-

cial dimerization module (Figure 1) was developed to

prove at the atomic level the specific non-covalent inter-

actions involved in protein dimerization.  A guest-host

inclusion complex comprising of β-cyclodextrin (Cd) and

adamantane (Ad) provides a new method to associate

oligopeptides in aqueous solution.   We found that the

GCN4 peptide modified at the C-terminus with an

adamantyl group indeed dimerized with another peptide

that had the β-cyclodextrin attached to the C-terminus.

This peptide dimer further showed specific DNA binding

to the native GCN4 site [4].

   Sequence-Specific DNA Binding Of Peptide Hetero-

Dimers.  The hetero-dimerization of transcriptional

factors has been shown to play an important role in the

gene control events.  However, a more tantalizing question

would ask whether the heterodimers actually bind non-

palindromic DNA sequences.  We used the DNA binding

regions of two different basic leucine zipper proteins that

each recognize unique palindromic DNA sequence upon

homodimer formation.  Upon heterodimerization through

the synthetic dimerization module, the resulting

heterodimer recognizes a non-palindromic DNA sequence

that consists of two distinct half-sites which correspond

to the native protein binding sequences [5].

   Cooperative DNA Binding Of Peptide Oligomers.

We next ask whether our strategy of artificial dimerization

module could extend to a cooperative DNA binding by

peptide homo-oligomers [6].  An oligopeptide derived

from the basic region of GCN4 was used as the “protein-

DNA interaction” domain to address this question.  GCN4

binding palindromic sequence without any cooperativity.

However, when both β-cyclodexterin and adamantyl

group are incorporated into the same peptide chain,

binding of the peptide to the tandemly repeated half-site

become cooperative.  Interestingly, the peptide with both

host and guest molecules shows reduced affinity towards

the single half-site.  The peptide with both host and guest

molecules form an intramolecular inclusion complex.

Stability of this cyclic peptide is a key factor in reducing

the affinity of GAdCd peptides to the isolated half-site.

The balance of intramolecular versus intermolecular

interactions accounts for binding selectivity. The observed

high-selectivity was accomplished by (i) the cooperative

nature of DNA binding and by (ii) reducing the stability

of the non-specific DNA binding complex.  In this vain

such strategies employing guest-host complex could be

quite useful in designing novel sequence-specific DNA

binding peptides.
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APOE Gene ε4 Allele Accelerates the Atrophy of
the Inferior Temporal Lobe in Alzheimer's Disease

The apolipoprotein E (APOE) gene ε4 allele is a genetic risk factor for late-onset familial and sporadic Alzheimer's

disease (AD). The change in size of the whole brain or total ventricular system did not differ significantly among

APOE genotypes. The patients with ε3/ε4 or ε4/ε4 genotype (ε4+ group), however, exhibited severe atrophy in

the inferior temporal lobe, while those with ε3/ε3 genotype (ε4- group) showed mild atrophy. Regional cerebral

blood flow (rCBF) in the cerebral cortex, particularly in the temporal lobe, was lower in the ε4+ group than in

the ε4- group. These results indicate that possession, and thus expression, of the APOE ε4 allele preferentially

affects the inferior temporal lobe, encompassing the hippocampus and amygdala, in AD patients.

Keywords :  Apolipoprotein E / X-ray CT / MRI / Xe-133 SPECT / Hippocampus / Amygdala

Seigo Tanaka and Kunihiro Ueda

BIOORGANIC CHEMISTRY  — Molecular Clinical Chemistry —

Scope of research

This laboratory was founded in 1994 with the aim of linking (bio)chemical research and clinical medicine. Thus, the scope of

our research encompasses the structure, function and regulation of various biomolecules, the pathophysiological significance

of bioreactions in relation to human diseases, and the application of molecular techniques to clinical diagnosis and therapy.

Our current interest is focused on poly(ADP-ribosyl)ation, nuclear (de)localization of proteins in association with apoptosis,

and the molecular etiology of Alzheimer's disease and related disorders.
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   Alzheimer’s disease (AD) is the most prevalent
neurodegenerative disorder in senescence presenting as
progressive dementia. It is pathologically characterized
by βA4 amyloid deposition in senile plaque cores and
cerebral vessels. In our previous study on Japanese
sporadic AD patients [1], we confirmed the association
between apolipoprotein E (APOE) gene ε4 allele and late-
onset AD. In the present study, we approached the issue
of how APOE genotype affects the progression of the
disease by analyzing AD brains with X-ray computed
tomography (CT), magnetic resonance imaging (MRI) and
Xe-133 single photon emission CT (SPECT) [2].

I. X-ray CT Findings and APOE Genotypes
   We estimated the whole brain atrophy and ventricular
dilatation by using X-ray CT. A comparison between
control and AD revealed a significant difference in the
size of the cerebral hemispheres and ventricular systems.
However, there was no significant difference in these areas
among AD subgroups of different APOE genotypes. A
retrospective study revealed that the progress of cerebral
atrophy along the clinical course was not significantly
faster in patients with ε3/ε4 or ε4/ε4 genotype than in
those with ε3/ε3 genotype. Thus the ε4 allele does not
appear to accelerate atrophy of the brain as a whole in the
course of the disease.
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II. MRI Findings and APOE Genotypes
    We focused further analysis on the inferior temporal
lobe, including the hippocampus and amygdala. This
region is known to be severely affected in AD and
responsible for memory impairment and cognitive decline.
MRI allowed clear visualization of this region. As a
distinct finding, AD patients with ε3/ε4 or ε4/ε4 genotype
exhibited severe atrophy in this region, while those with
ε3/ε3 showed milder atrophy (Figure 1). Atrophy of this
region accompanied dilatation of the temporal horn of the
lateral ventricle. The atrophic change in the inferior
temporal lobe was more marked on the medial side, which
encompasses the limbic system, such as the hippocampus
and amygdala. We analyzed the association of the size of
this region with APOE genotypes and found a difference
among AD subgroups (Figure 2). These results indicate
that the APOE ε4 allele promotes atrophic change in the
brain preferentially in the inferior temporal lobe.

Figure 2.  Infero-medial temporal index (IMTI) of control

subjects and AD patients. The patients were classified into

subgroups of CDR (Clinical Dementia Rating) 2 (moderate) and

CDR 3-5 (severe) with APOE genotype, ε4- or ε4+.

*  p < 0.05, as compared with the ε4- group (unpaired t test).

Figure 1. Findings of MRI at the level of the pons. No atrophy

was observed in the inferior temporal lobe of the control subject

(A). Patients with ε3/ε3 (B), ε3/ε4 (C) and ε4/ε4 (D) genotypes

showed mild, moderate or severe atrophy, respectively.

III. Xe-133 SPECT Findings and APOE Genotypes
   In addition to the morphological analysis by X-ray CT
and MRI, we assessed a functional change of AD brain
by Xe-133 SPECT. The mean value of the regional
cerebral blood flow (rCBF) was significantly lower in AD
than in control in all cerebral regions except for the
occipital lobe. Among the AD subgroups, the rCBF was
lower in patients with ε3/ε4 or ε4/ε4 genotype than those
with ε3/ε3; the difference was statistically significant in
the temporal lobe. In view of the fact that rCBF reflects a
functional activity of the brain, the reduction of rCBF
indicates an impaired brain function. A reduction of rCBF
might be caused by the deposition of vascular amyloid,
which was reported to be severe in patients with the APOE
ε4 allele.
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Crystal Structure of Asparagine Synthetase
Reveals a Close Evolutionary Relationship to

Class II Aminoacyl-tRNA Synthetase

The crystal structure of E. coli asparagine synthetase has been determined by X-ray diffraction analysis
at 2.5 Å resolution.  The overall structure of the enzyme is remarkably similar to that of the catalytic
domain of yeast aspartyl-tRNA synthetase despite low sequence similarity.  These enzymes have a
common reaction mechanism that implies the formation of aminoacyl-adenylate intermediate.  The
active site architecture and most of the catalytic residues are also conserved in both enzymes.  These
enzymes have probably evolved from a common ancestor even though their sequence similarities are
small.

Keywords : X-ray crystallography/ Evolution/ Structural similarity/ Aspartyl-tRNA synthetase/ Amino
acyl-adenylate intermediate/ Enzymatic reaction

Toru Nakatsu, Hiroaki Kato, and Jun'ichi Oda

MOLECULAR BIOFUNCTION  — Functional Molecular Conversion —

Scope of research

Our research aims are to elucidate structure-function relationships of biocatalysts in combination with organic chemistry, mo-
lecular biology and X-ray crystallography, and to design and generate a novel biocatalysis for use as a tailor-made catalyst for
organic reations.  Major subjects are  (1) Design and synthesis of transition-state analogue inhibitors of ATP-dependent syn-
thetases, (2) Time-resolved X-ray crystallographic study of glutathione synthetase, (3) X-ray diffraction analysis of tropinone
reductase II, luciferase and asparagine synthetase, (4) Design and preparation of catalytic antibodies for chemiluminescence,
(5) Overexpression and purification of pyruvate phosphate dikinase from Maize, and (6) Characterization of an activation
protein of Pseudomonas lipase.
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Asparagine synthetase (AsnA) from E. coli catalyzes
the synthesis of L-asparagine from L-aspartic acid and
ATP in the presence of a magnesium ion using ammonia
as a nitrogen source [1].  The crystal structure of the E.
coli AsnA (amino acids 4 - 330) complexed with L-aspar-
agine was determined by X-ray crystallography using
multiple isomorphous derivatives at 2.5 Å resolution.
The structure exists as a dimer of identical subunits.
Each monomer consists of a core eight-stranded, mostly
anti-parallel β-sheet that is flanked by two long and eight
shorter α-helices.  A small lobe composed of a three-
stranded β-sheet (Fig. 1) completes the protein fold.  L-
Asparagine is bound in a rather open and solvent-ex-
posed cleft located on the surface of the eight-stranded β-

sheet.
The overall structure of E. coli AsnA is remarkably

similar to the catalytic domain of yeast aspartyl-tRNA
synthetase (AspRS) (Fig. 1).  Their core structural ele-
ments (175 α-carbon atoms) can be superimposed with a
root-mean-square distance of 1.9 Å.  This value is similar
with that derived from superinposition among class II
aminoacyl-tRNA synthetases in which AspRS is
involeved.

There is low sequence similarity between E. coli
AsnA and the catalytic domain of yeast AspRS, how-
ever, their sequence comparison based on the crystal
structure indicates that most of the structurally and cata-
lytically important residues in AspRS are conserved over
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the entire length of AsnA.  A proline residue, Pro35, is
conserved and seems to be important for subunit-subunit
interaction in AsnA as well as in AspRS.  There is a small
cluster of conserved residues (GGGIG, 292—296).  This
sequence motif is a part of the highly conserved residues,
called motif 3 in the class II aminoacyl-tRNA syn-
thetases, allowing the formation of a cavity that can ac-
commodate bound ATP [2].  In addition, the other con-
served residues are also catalytically critical, and interact
with the substrates ATP or L-aspartic acid in yeast
AspRS.  AspRS uses two conserved arginine residues,
corresponding to Arg100 and Arg299 in AsnA, to coor-
dinate the α- and γ-phosphates of ATP, respectively.
The serine residue of AspRS, which interacts with the α-
phosphate of ATP, is conserved as Ser251 in AsnA.  Fi-
nally, the three AspRS residues which recognize L-aspar-
tic acid by forming a network that interacts with its β-
carboxylate group correspond with Lys77, Glu120 and
Arg255 in AsnA.

To confirm the function of these conserved residues in
the E. coli AsnA, the locations of its ligands, L-aspar-
agine and AMP in the three dimensional structure were
determined at 2.2 Å resolution (Fig. 2).  The crystallo-
graphically observed positions of these conserved resi-
dues described above are superposable with the related
side chains in AspRS.  Indeed both enzymes are expected
to proceed through the formation of an aminoacyl-adeny-
late intermediate in their reaction.

The largest differences between AsnA and AspRS
were found in their recognition of the reactive carboxyl
group and an amino group in the substrate L-aspartic acid
(Fig. 3).  In the ternary complex structure of E. coli
AsnA, the amino group of Gln116 interacts with the β-
carbonyl group of the bound L-asparagine while the side
chain carboxyl group of Asp219 interacts with the amino
group of the ligand through a water molecule.  Thus, both
residues are likely to facilitate the recognition of the sub-
strate L-aspartic acid with a productive binding mode.
Structural and mutagenic studies implicated that yeast

AspRS utilizes the side chain carboxyl group of Asp342
and the amino group of Gln303 to interact with the
amino group and α-carboxyl group of the substrate, re-
spectively.  Those glutamine or aspartic acid residues are
found at different positions in their crystal structures,
however, the role of the glutamine and aspartic acid resi-
dues in the substrate recognition are similar.

 Crystal structure of Thermus thermophilus AspRS
[3] has been solved and has provided the finding that it
has an extra domain between the helices, aligned with
helix 4 and 5 of E. coli AsnA, nevertheless the other part
of the structure is superimposable with the yeast en-
zyme.  The amino acid sequence of E. coli AsnA is less
similar to that of T. thermophilus or E. coli AspRS than
that of yeast one.  In addition, amino acid sequence of
archaean AspRS in the catalytic domain region is similar
to the yeast enzyme than E. coli one, and there is no addi-
tional domain found in the E. coli enzyme.  These evi-
dence may suggest that this archaean AspRS could be a

reliable candidate of the ancestor protein for AsnA.
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Cysteine Sulfinate Desulfinase, a NIFS-like Protein of
Escherichia coli with Selenocysteine Lyase and Cysteine
Desulfurase Activities: Gene Cloning, Purification and

Characterization of a Novel Pyridoxal Enzyme

MOLECULAR BIOFUNCTION  - Molecular Microbial Science -

Scope of research
Structure and function of biocatalysis, in particular, pyridoxal enzymes, NAD enzymes, and enzymes acting on xenobiotic
compounds are studied to elucidate the dynamic aspects of the fine mechanism for their catalysis in the light of recent advances
in gene technology, protein engineering and crystallography.  In addition, the metabolism and biofunction of selenium and
some other trace elements are investigated.  Development and application of new biomolecular functions of microorganisms
are also studied to open the door to new fields of biotechnology.  For example, molecular structures and functions of thermostable
enzymes and their application are under investigation.
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We found selenocysteine lyase in mammals and
bacteria, and purified the enzyme from pig liver (1) and
Citrobacter freundii (2). The enzyme specifically
decomposes L-selenocysteine into L-alanine and elemental
selenium; L-cysteine is inert as a substrate. Zheng et al.

(3) recently demonstrated the function of NIFS protein,
which is required for the efficient construction of the Fe-
S clusters of nitrogenase in a diazotrophic bacterium
Azotobacter vinelandii. NIFS catalyzes the same type of
reaction as selenocysteine lyase, but acts on both L-

Keywords : Cysteine sulfinate desulfinase/ NIFS/ Pyridoxal phosphate

Nobuyoshi Esaki, Tatsuo Kurihara, Tohru Yoshimura, Kenji Soda,  Hisaaki Mihara

Selenocysteine lyase (EC 4.4.1.16) exclusively decomposes selenocysteine to alanine and elemental selenium
whereas cysteine desulfurase (NIFS protein) of Azotobacter vinelandii acts indiscriminately on both cysteine
and selenocysteine to produce elemental sulfur and selenium respectively, and alanine. These proteins exhibit
some sequence homology. The Escherichia coli genome contains three genes with sequence homology to nifS.
We have cloned the gene mapped at 63.4 min in the chromosome, and have expressed, purified to homogeneity,
and characterized the gene product. The enzyme comprises two identical subunits with 401 amino acid residues
(Mr 43,238) and contains pyridoxal 5’-phosphate as a coenzyme. The enzyme catalyzes the removal of elemental
sulfur and selenium atoms from L-cysteine, L-cystine, L-selenocysteine and L-selenocystine to produce L-alanine.
Because L-cysteine sulfinic acid was desulfinated to form L-alanine as the preferred substrate, we have named
this new enzyme cysteine sulfinate desulfinase. Mutant enzymes having alanine substituted for each of the four
cysteinyl residues were all active.  Cys358 corresponds to Cys325 of A. vinelandii NIFS, which is conserved
among all NIFS-like proteins and catalytically essential is not required for cysteine sulfinate desulfinase. Thus,
the enzyme is distinct from A. vinelandii NIFS in this respect.
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cysteine and L-selenocysteine indiscriminately. The
enzyme was named cysteine desulfurase, based on its
inherent physiological role.

The nucleotide sequence of the whole Escherichia coli
genome has been determined (4), and the bacterium
appears to contain three nifS-like genes. One of the genes
located at 57.3 min in the chromosome presumably encodes
the NIFS-like protein purified by Flint (5). Not only the
amino acid sequence but also the catalytic properties of
the enzyme resemble those of A. vinelandii NIFS. We have
found that the N-terminal amino acid sequence of pig liver
selenocysteine lyase is similar to that of A. vinelandii NIFS
(6).  If we assume that E. coli contains selenocysteine lyase
and that the enzyme resembles NIFS, one or both of the
other two nifS-like genes may encode selenocysteine
lyase(s). Alternatively, the genes may encode new enzymes
participating in an unknown metabolism of sulfur or
selenium amino acids.  We have cloned the nifS-like gene
mapped at 63.4 min by PCR with the E. coli JM109
chromosomal DNA as a template, and investigated the
properties of the gene product.

The molecular weight of the homogeneous preparation
of the gene product estimated by SDS-PAGE (about
43,000) agreed with the value calculated from the deduced
amino acid sequence (43,238). The molecular weight of
the purified protein in the native form was estimated to be
about 97,000 by gel filtration.

The enzyme showed at pH 7.4 an absorption maximum
at 420 nm.  Reduction with sodium borohydride resulted
in the disappearance of the absorption band at 420 nm with
a concomitant increase in the absorbance at 335 nm.  The
reduced enzyme was catalytically inactive.  These results
show that the enzyme requires pyridoxal phosphate as a
cofactor.

The enzyme resembles selenocysteine lyase and NIFS
in that it removes elemental sulfur or selenium from L-
cysteine or L-selenocysteine in the reaction.  L-Cysteine
sulfinic acid acted as the best substrate of the enzyme, and
essentially the same amounts of L-alanine and sulfite were
produced in the reaction.  Maximum activity for the
desulfination was found at around pH 8.2 in Tricine-NaOH.
We named our new enzyme cysteine sulfinate desulfinase,
because the enzyme showed the lowest K

m
 value and the

highest k
cat

 and k
cat

/K
m
 values for L-cysteine sulfinic acid .

    NIFS has been classified into the same group as
aminotransferases of class V (7) and subgroup IV (8),
which include serine-pyruvate aminotransferase (EC
2.6.1.51) and phosphoserine aminotransferase (EC
2.6.1.52), on the basis of sequence homology analysis.   We
have found that NIFS family proteins are classified into
two groups, I and II, according to their sequence
similarities. Average sequence similarities of cysteine
sulfinate desulfinase to Group I and II members were 23
and 37%, respectively.

NIFS of A. vinelandii participates in construction of
the Fe-S clusters of not only nitrogenase, but also other

iron-sulfur proteins such as SoxR and FNR.  The NIFS-
like enzyme of E. coli found by Flint (5) also provides
apo dihydroxy-acid dehydratase with a [4Fe-4S] cluster
to reconstitute the enzyme in vitro. NIFS and the NIFS-
like protein from E. coli, which belong to Group I,  have
common characteristics: both contain essential cysteinyl
residues at the active sites. The thiol group presumably
attacks as a nucleophile the sulfur atom of the substrate,
cysteine, to form the intermediate, enzyme-bound cysteinyl
persulfide (3, 5). By contrast, no cysteinyl residue of
cysteine sulfinate desulfinase is essential for catalysis. The
cysteine sulfinate desulfinase-reaction is assumed to
proceed through direct release of elemental selenium or
sulfur atom from the substrate, selenocysteine or cysteine.
It has been assumed that formation of the enzyme-bound
cysteinyl persulfide is crucial to deliver sulfur atoms
efficiently to iron-sulfur proteins. If this is the case,
cysteine sulfinate desulfinase will not be related
metabolically to the formation of Fe-S clusters, although
sulfur atoms produced from cysteine by the enzyme are
probably incorporated into iron-sulfur proteins with low
efficiency.  The fact that the K

m
 value of cysteine sulfinate

desulfinase for cysteine is high also suggests that cysteine
is not the physiological substrate of the enzyme.  Whatever
the physiological function of cysteine sulfinate desulfinase
is, this is the first enzyme in Group II whose catalytic
function has been clarified.  Other proteins of this group
probably have a similar catalytic function to cysteine
sulfinate desulfinase. Cloning and expression of the Eco2
gene, the last nifS-like gene of E. coli mapped at 38.3 min
in the chromosome, and characterization of the gene
product, are now being studied.
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Molecular Mechanism of Myosin Assembly

Myosin of muscle (skeletal muscle, smooth muscle or cardiac muscle) has an intensive tendency to
assemble with the axial staggers of 14.3 and 43 nm under the physiological conditions of ionic strength
0.05–0.20 M and pH 6–8.  For the molecular mechanism of self-assembly by the myosin molecule, we
first reported that the myosin molecule has a specific region which is responsible for the self-assembly.
Later, Nyitray et al. showed that this region is located near the COOH terminus of the rod segment of the
myosin molecule.  The molecular mechanism of myosin assembly has been studied in more detail in

order to elucidate how this region is related to axial stagger of 43 nm.

The myosin molecule of muscle cell is composed of
two heavy chains and four light chains.  Each heavy
chain has an NH2-terminal globular head with chain mass
of ~95 kDa and a COOH-terminal long fibrous portion
folded into an α-helix.  The two α-helices wrap around
each other to construct the α-helical coiled-coil known as
the myosin tail or the myosin rod.  It is well known that
the myosin rod amino acid sequence is highly repetitive
and has the characteristics of α-helical coiled-coil [1].
Myosin self-assembly  results from interactions between
the rods.  Whether the myosin molecule prefers an
assembled and polymerized form or a soluble form is
strongly dependent on both ionic strength and pH [2].
The polymerized form of myosin in vivo is known as
thick filament.  The thick filament, together with the
actin-containing thin filament, forms the smallest
structural unit for tension generation in muscle [3].  In
thick filament, myosin molecules assembled in a parallel
arrangement are obliged to cause the axial staggers of

14.3 and 43 nm [4] at the rod segments of adjacent
myosin molecules. Myosin heads projecting away from
the thick filament surface can act as movable cross-
bridges between the thick and thin filaments [5].  The
axial spacings between heads on the filament surface are
14.3 and 43 nm, and these spacings result from the axial
staggers between the rods.

McLachlan et al. reported excellent results on the
molecular mechanism of myosin to explain how these
axial staggers are caused between two parallel rods by an
analysis of the amino acid sequence of the rod portion of
a myosin heavy chain and by a computational analysis of
electrostatic interactions between the two rods [1].  The
important points of their conclusions are that the periodic
charge distributions in the amino acid sequence of the
rod are in good agreement with these axial staggers and
that the electrostatic interactions between the rods play a
crucial role in causing the axial staggers.  However, what
regions of the rod are crucial for the axial stagger of 43

Tohru Akutagawa

Key words ;  Light meromyosin/ Axial stagger/ Solubility determining region

MOLECULAR BIOLOGY AND INFORMATION  – Biopolymer Structure –

Scope of research
Our research aims are to elucidate structure-function relationships of biological macromolecules, mainly proteins, by using
physicochemical methods such as spectroscopic and X-ray diffraction methods.  The following attempts have been mainly made
in our laboratory for that purpose.  (1) Peptide secondary or supersecondary structures in aqueous or hydrophobic
environments are studied to get a principle of protein architecture, employing various spectroscopic methods.  (2) X-ray
diffraction studies on protein structures in crystal and in solution are carried out by crystallographic and/or small-angle X-ray
scattering techniques to elucidate structure-function relationships of proteins.  (3) Molecular mechanism for myosin assembly is
studied by proteolytic method, electron microscopy, and computer analysis of the amino acid sequence.
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nm has not been clarified yet.
It is well known that myosin assembly occurs within

the COOH-terminal two-thirds of the rod (light
meromyosin or LMM).  The LMM gene of rabbit leg
muscle is cloned to give the LMM protein of the
sequenced 676 amino acid residues [6].  However,
LMMs obtained by proteolytic cleavage of myosin [7]
have often been used for the study of LMM assembly,
because the proteolytic method permits the isolation of
different LMMs in length by selection of enzymes used
[8].  LMMs produced by the proteolytic cleavage can
also cause the axial staggers of 14.3 and 43 nm when they
assembles by themselves, and produce LMM crystals
[9].  It should be noted, however, that LMMs obtained by
proteolytic cleavage are necessarily shorter than the
recombinant LMM of 676 residues because LMM has
some cleavage sites in the COOH-terminal portion.
Akutagawa et al. first reported that the LMM molecule
has a region which is responsible for the LMM assembly
[8].  Later, Nyitray et al. showed that this region is
located near the COOH terminus of the myosin rod [10],
and called this region the solubility determining region
(SDR).  Their group and our group independently
showed that the lack of this region induces the myosin
molecule to cause neither the assembly nor the
aggregation. SDR is probably related to molecular
mechanism of the axial staggers of 14.3 and 43 nm
because the myosin assembly accompanies these axial
staggers.

Here we show that SDR is located near the COOH
terminus of the LMM molecule by using LMM-T which
was prepared by tryptic split of myosin.  Fig. 1 shows a
model picture of myosin molecule of skeletal muscle and
a relationship between the segments in the myosin
molecule.  Fig. 2 shows the chain mass relationship
among the fragments obtained from LMM-T by
proteolytic cleavage using trypsin and chymotrypsin.
Here LMM-CT is obtained by chymotryptic cleavage of
LMM-T.  SDR is obtained by enzymatic splits.   As
shown in Fig.  2, the chain mass of SDR-9k is determined
to be 9 kDa corresponding to the difference of chain mass

Figure 1.  Model picture of myosin molecule. C→, T→, and
P→ are chymotryptic, tryptic, and papainic cleavage sites,
respectively.  HMM is heavy meromyosin which is composed
of the head and one-thirds of the rod in the myosin heavy chain,
and LMM corresponds to the COOH-terminal two-thirds of the
rod.  The myosin head is called S-1.
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between the precipitated fragment P-56k and the soluble
fragment S-47k.  The real chain mass of SDR shown as
the black region in Fig. 2 is smaller than 9 kDa, because
LMM-CT contains a small number of LMMs which are
able to assemble in spite of difference in COOH
terminus.  Characterization of the real SDR is essential to
know the molecular mechanism for the axial stagger of
43 nm, because the charge distributions in SDR possibly
contributes to electrostatic interactions between parallel
two rods. The axial stagger of 43 nm can not be caused
by the single SDR per one rod when this stagger is
caused between two parallel rods by using SDR.  Plural
SDRs for each rod are required to induce the stagger
between the two parallel rods. In order to elucidate
whether an axial stagger determining region exists in the
rod, we have recently isolated LMM whose length is
thought to be shortest to cause the axial stagger of 43 nm,
and are characterizing the shortest LMM.

Figure 2.  Positional relationships between proteolytic
cleavage sites and fragments in LMM-T. The chain masses of
fragments LMM-T S-62k, LMM-CT, P-56k, S-47k and SDR-
9k were determined to be 70, 62, 62, 56, 47 and 9 kDa,
respectively.  The black portion in the figure shows the position
of SDR.  The symbols ((O) and ((×) show whether fragments
can assemble with the axial stagger of 43 nm or not,
respectively.  The former fragments have SDR, but the latter
lack it.  Therefore, SDR is located near the COOH terminus of
the myosin rod, and the existence of SDR in fragments is
crucial for myosin assembly.
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Structural Characterization of the virB Operon of
the Hairy-root-inducing Plasmid pRiA4

The virulence (vir) loci of the hairy-root-inducing plasmid pRiA4 are essential for pathogenicity of its
host Agrobacterium rhizogenes A4.  We have now determined the nucleotide sequence of virB region
(9,926 bp).  It was found that the virB operon is composed of 11 genes (virB1 to virB11), whose products
mostly appear to be associated with the cell membrane.  A novel structural characteristic is frequent
overlapping between the translation termination and initiation codons of the adjacent genes  This is
indicative of fine tuning of relative translation frequencies for each VirB protein, supporting the view
that VirB multisubunit complexes provide facilities for T-DNA transfer at the bacterial cell membrane.

Keywords:   Agrobacterium/ Membrane protein/ Plant-microbe interaction/ Virulence regulon

Yajie Liang, Takashi Aoyama, and Atsuhiro Oka

MOLECULAR BIOLOGY AND INFORMATION  — Molecular Biology —

Scope of research

Attempts have been made to elucidate structure-function relationships of genetic materials and various gene products.  The
major subjects are mechanisms involved in signal transduction and regulation of gene expression responsive to environmental
stimuli, differentiation and development of plant organs, and plant-microbe interaction.  As of December 1997, study is being
concentrated on the roles of homeo domain proteins, MADS box proteins, and DDK response regulators of higher plants in
developmental and signal transduction processes.
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The agropine-type hairy-root-inducing plasmid
pRiA4 confers tumorigenic symptoms at wound sites on
a wide variety of dicotyledonous plants upon infection
by its host bacterium, Agrobacterium rhizogenes A4.
Tumorigenesis is caused by the transfer of a defined
DNA segment (T-DNA) on the plasmid from a bacte-
rium into the plant nuclear genome and subsequent con-
stitutive synthesis of plant phytohormones directed by
the T-DNA.  T-DNA transfer requires the 25 bp imper-
fect direct repeats at both extremities of T-DNA as cis
factors, and the virulence (vir) loci outside of T-DNA as
trans factors.  The vir genes constitute the six transcrip-
tional units, virA, virB, virC, virD, virE, and virG.  Their
expression is tightly regulated as a regulon by both the
virA and virG gene products, being inducible by plant

phenolic compounds such as acetosyringone.  Nucleotide
sequences of all of the vir loci, except the largest virB
operon, have been determined by our laboratory, and
compared with those of tumor-inducing plasmids har-
bored by A. tumefaciens (for reviews, see ref. 1 and 2).
Here, we report the nucleotide sequence of the virB op-
eron together with its flanking regions, thus completing
sequencing of the entire vir loci of pRiA4.

The vir  loci of pRiA4 have been identified with
transposon (Tn3-HoHo1) insertion mutations that lead to
defects in pathogenicity, and the vir gene organization
examined from the similarity with that of the tumor-in-
ducing plasmid pTiA6 by hybridization experiments.  As
a result, it has been found that pRiA4 virB is located in a
region corresponding to the HindIII-10, -8 and -32b frag-
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ments.  These three fragments were purified from a
cosmid clone (pBANK1329) covering the DNA region
from the HindIII-23b to HindIII-25 fragments (3), and
then separately inserted into pUC18.  With the resulting
recombinant plasmids, progressive deletion derivatives
were constructed by either ejecting appropriate restric-
tion fragments or recloning smaller fragments.  Each of
the inserted DNA segments was sequenced from either
side for both strands by an ABI Prism 377 DNA se-
quencer.  In addition, adjacent restriction fragments actu-
ally being contiguous was confirmed by sequencing
overlapping fragments with appropriate custom primers.
By arranging overlapping sequences of both strands, the
nucleotide sequence from the EcoRI site downstream of
virA to the DraI site upstream of virG was deduced
(9,926 bp; see http://molbio.kuicr.kyoto-u.ac.jp/virb).

The occurrence of initiation and termination codons
for protein synthesis in all possible reading frames sug-
gests that the virB locus carries information to code for
11 polypeptides of 26.4 kDa, 12.3 kDa, 11.7 kDa, 87.7
kDa, 23.1 kDa, 31.8 kDa, 5.9 kDa, 26.2 kDa, 32.2 kDa,
40.3 kDa, and 38.2 kDa.  Each of the presumed coding
frames was named virB1 to virB11, respectively, all of
which were accompanied by a potential ribosome-bind-
ing sequence (4).  The initiation codon for all virB genes
except virB1 was the conventional AUG codon.  How-
ever, virB1 appeared to use a rare initiation codon AUC.
This was not a result of base substitution occurred during
cloning experiments because direct sequencing of the
corresponding region of pRiA4 DNA gave an identical
result.  The transcription start site is located 65 bp up-
stream of the virB1 translation initiation site (5).  There
are helically phased vir box sequences essential for VirG
binding and the promoter -10 region, though no typical
promoter -35 region is present (5).  These structural fea-
tures strongly support all of virB1 to virB11 being actu-
ally structural genes and constituting an operon.

A novel structural characteristic of the virB operon is
frequent overlappings of the translation termination
codon of the preceding gene with the translation initia-
tion codon of the following gene.  Those from virB1 to
virB4 overlap for 1 bp, and those from virB8 to virB10 do
for 2 bp.  Furthermore, in case of virB7 and virB8, the
coding region itself (11 bp) is overlapped with each
other.  Such kinds of overlapping for compacting have
never been found in other vir operons.

Computer analyses of amino-acid sequences of each
VirB suggest the presence of N-terminal signal se-
quences in VirB1, VirB5, VirB7, and VirB9, and of the
transmembrane regions in VirB2, VirB3, VirB6, VirB8,
VirB9, and VirB10.  Since the smallest VirB7 protein
contains a putative target sequence for signal peptidase

II, the enzyme involved in lipoprotein recognition and
processing, it appears to associate with lipid.  Besides,
VirB4 and VirB11 are presumed to be the ATP-binding
proteins.

It is well known that vir regions of pRi and pTi are
exchangeable without loss or alteration of the pathogenic
specificity, and DNA fragments carrying vir of a given
plasmid hybridize with those of other plasmids (3).
Therefore, the pRiA4 virB operon should structurally be
close to those of pTi’s, as already shown for the other vir
genes of pRiA4 (3).  Indeed, both the gene organization
in the pRiA4 virB operon and the amino-acid sequence of
each VirB protein were exceedingly similar to those of
pTi’s at the nucleotide sequence level.  The identities of
amino-acid residues between pRiA4 and pTiC58 VirB’s
and between pRiA4 and pTiA6 VirB’s occurred at 90%-
95% and at 70%-92% residues, respectively.  Also the
overlapping feature is completely identical with that of
pTiC58 and close to that of pTiA6.  Conservation of the
overlapping feature seems to reflect the control of trans-
lation initiation frequency relative to that of the preced-
ing gene, providing the exact molar ratio of synthesized
VirB proteins.  This view supports the idea that VirB pro-
teins make multisubunit complexes at the bacterial cell
membrane, presumably giving facilities for the passage
of T-DNA from a bacterium to a plant cell.

The similarity scores of VirB between pRiA4 and
pTiC58 (compatible combination) are significantly
higher than those between pTiA6 and pTiC58 (incompat-
ible combination), whereas the similarity scores between
pTiA6 and either pRiA4 or pTiC58 are comparable.
These are consistent with the view that the vir regions of
the three plasmids have evolved from a common ances-
tral vir gene set from which pTiA6 vir was initially sepa-
rated.  Since plasmids belonging to a single incompatibil-
ity group are usually more cognate to each other than
those involved in different incompatibility groups, func-
tional domains of pRi and pTi, at least those determining
virulence on plants (vir and T-DNA) and autonomous
replication and incompatibility (ori/inc), appear to have
been shuffled during evolution of these plasmids.
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Developing Molecular Interaction Database

and Searching for Similar Pathways

Shuichi Kawashima, Toshiaki Katayama and Minoru Kanehisa

We have developed a database named BRITE, which contains knowledge of interacting molecules and/or genes

concering cell cycle and early development. Here, we report an overview of the database and the method of

automatic search for functionally common sub-pathways between two biological pathways in BRITE.

keywords: Knowledge-base/ Cell cycle/ Development/ Graph theory/ WWW

All known biological processes in living organisms

are maintained and carried out by various molecular/

genetic interactions. While a large amount of knowledge

on metabolic and regulatory pathways that has been

accumulated is quite valuable in theoretical or

computational studies for understanding biological

systems, the knowledge mainly exists in research papers

or reviews which are unsuitable for computational

analyses. Besides, the existing molecular biology

databases such as GenBank, EMBL, SWISS-PROT, and

PDB, focus on representing the information about DNA,

RNA or protein molecules and do not fully represent

molecular interactions. Thus, we have initiated efforts to

collect the knowledge in a different format and construct

a new database of molecular interactions. In view of the

surprising functional similarities that have been found in

pathways among various species, the knowledge-base

such as BRITE would lead to a new research area for

analysis of biological networks.

The knowledge-bases concerning metabolic pathways

have already been developed, such as KEGG, EcoCyc,

and WIT, and proved to play important roles in

bioinformatics. We are constructing a new knowledge-

base named BRITE [1] (Biomolecular Relations in

Information Transmission and Expression) which focuses

on regulatory pathways in various biological processes.

BRITE is a flat-file collection of entries, where each entry

contains a relation of two molecules. The data

representation of molecular relations in BRITE is based

on KEGG [2], where the concept of ‘biological links’ is

represented as follows:

organism:gene1 -> organism:gene2

This scheme can also be regarded as the following:

organism:relation

This is the basic component of an entry in BRITE.
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Scope of research
This laboratory aims at developing theoretical frameworks for understanding the information flow in biological systems in
terms of genes, gene products, other biomolecules, and their interactions. Towerd that end of a new deductive database is being
organized for known molecular and genetic pathways in living organisms, and computational technologies are being devel-
oped for retrieval, inference and analysis. Other studies include: functional and structural prediction of proteins from sequence
information and development of sequnece analysis tools.
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Each entry in the BRITE database contains the ENTRY

and DEFINITION lines at the top. The ENTRY line holds

a unique identifier and the summary of each entry is

described in the DEFINITION line. The core section is

RELATION, which describes the molecular interaction

in the form of a binary relation. The RELATION section

consists of three items: FROM for the regulating

molecule, TO for the regulated molecule, and MESSAGE

for the relation between two molecules, such as

‘transcriptionally activate/repress’, ‘phosphorylate’, and

‘bind’. BRITE does not store detailed information of

molecules that appear in the entry, but provides links to

other existing databases for such information, including

GENES, GenBank, and SWISS-PROT. The cross-

reference information to other databases is described in

the FACTORS section. The bibliographic information of

references associated with the entry is described in the

REFERENCE section with links to Medline.

Originally, molecular interaction data concerning only

cell cycle controls were accumulated in BRITE. Now we

collect data concerning developmental pathways as well.

At present BRITE contains data about cell cycles of S.

cerevisiae, S. pombe and H. sapiens and early

developments of D. melanogaster and X. laevis. The

amount of data in BRITE is shown in Table 1.

The BRITE database is available through the GenomeNet

WWW service at the following address:

http://www.genome.ad.jp/brite/brite.html

We provide two facilities for data retrieval. One is

retrieving an entry through the clickable map. The user

can easily retrieve entries by clicking on a molecule or

an interaction on the graphical pathway maps

implemented in WWW. The other is by keyword search

using the DBGET system. DBGET is the integrated

database retrieval system with two basic commands, bfind

and bget, to search and extract entries from a wide range

of molecular biology database. The keyword search using

bfind command is made against the DEFINITION line in

BRITE. The result of the search is a list of entry names

found, from which an entry can be selected to view the

content. When the user already knows the entry identifier,

it can be retrieved simply by using bget command. If the

user has the amino acid sequence data for the molecular

interaction of interest, a homology search can be

performed against the BRITE database using the sequence

as a query. This is especially useful when searching similar

interactions and similar pathways in different species or

in different biological processes.

In order to automatically find functionally similar sub-

pathways in the maps of BRITE we have developed a

method similar to the one utilized for recognizing common

structural fragments among chemical compounds [3]. By

regarding each molecule and relation in a map as a vertex

and edge, respectively, a pathway in BRITE is represented

as a graph. Because the method introduces relations

among all molecules irrespective of whether they exist

or not in the database, the graph representing a pathway

is defined as an edge-weighted complete graph. Then we

construct a docking graph from two edge-weighted

complete graphs. Searching for an edge-weighted

maximal common subgraph for two complete graphs is

equivalent to searching for a clique (complete subgraph

of graph) in this docking graph.
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Table 1. The number of entrys in BRITE

      Organism Number of entries

Cell cycle      S. cerevisiae 64

       S. pombe 65

      H. sapiens 102

Development  D. melanogaster 80

       X. laevis 15
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Development of Compact Proton Synchrotron
Dedicated for Cancer Therapy

A compact proton synchrotron has been developed to be dedicated for cancer therapy.  A combined
function lattice and an untuned RF cavity have been adopted to realize compactness of needed cost and
operation manpower.  With the present design, the control of the synchrotron is also expected to become
very easy for daily operation.

Keywords : Proton Cancer Therapy/ Combined Function Synchrotron/ Untuned RF Cavity
    / Solid State Amplifier/ Multifeed Coupling
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NUCLEAR SCIENCE RESEARCH FACILITY  — Particle and Photon Beams —

Scope of research

   Particle and photon beams generated with accelerators and their instrumentations both for fundamental research and practical
applications are studied.  The following subjects are being studied: Beam dynamics related to space charge force in accelera-
tors: Beam handling during the injection and extraction processes of the accelerator ring:radiation mechanism of photon by
electrons in the magnetic field:Interactions in the few-nucleon systems: R&D to realize a compact proton synchrotron dedicated
for cancer therapy: Control of the shape of beam distribution with use of nonlinear magnetic field: and Irradiation of materials
with particle and photon beams.
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Recently radiation cancer therapy has been paid atten-
tion from the point of view of quality of life of the patient,
because it is superior to preserve the shape and function
of the human body in addition to its merit of fairly mild
load to the patient.  Further charged particle therapy has
such a merit as can concentrate the dose to the tumor due
to the presence of Bragg-peak.

In our country, University of Tsukuba has been treat-
ing patients by proton therapy and realized a remarkable
results especially in liver  cancer.  National Institute of
Radiological Sciences has started treatment with carbon
beam since 1994.  In addition, East Hospital of National
Cancer Center is now constructing a proton therapy facil-
ity and Hyogo prefecture is constructing cancer therapy
facility with use of both proton and carbon beams.  The
number of patients to be treated by these facilities, how-
ever,  is rather limited.  Every facility can only treat 1000
patients per year at maximum and usually such number is

 Figure 1. Lattice of the combined function proton synchrotron
 dedicated for cancer therapy.

much smaller.  This limits the wide use of the benefits of
charged particle therapy, because more than 30,000 pa-
tients  per year need such therapy even if we only
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consider the area west to Kinki district.  From this point,
it is required to establish a good reference design of a
commercially available compact proton synchrotron
which has a size acceptable for a hospital having the role
as the center of each prefecture.  We are proposing a com-
bined-function proton synchrotron illustrated in Fig.1[1].

The required acceleration voltage per turn in a syn-
chrotron is proportional to the product of time derivative
of magnetic field strength, the circumference and the ra-
dius of curvature.  For the presented compact proton syn-
chrotron, only a few hundreds volts are needed as the ac-
celerating voltage.  Such a low voltage can be generated
with an untuned cavity as shown in Fig.2 with a solid
state amplifier, whose output impeadance is 50Ω[2].  The
untuned cavity does not require complicated bias-wind-
ing for the resonant frequency tuning.   In order to reduce
the power reflection at the power feeder of the untuned
cavity and increase the efficiency of power utilization, a
new power feeding method called multifeed coupling has
been invented, which is illustrated in Fig. 3[3].  By this
feeding method, the power utilization efficiency is in-
creased and thus the realized voltage at the accelerating
gap has been increased  as shown in Fig. 4 compared with
the conventional method.

The other merit of combined function lattice is that the
magnet current tracking control between power supplies
for dipole and quadrupole magnets is not needed and the
operation becomes very easy once a good design has been
established. Because a combined function lattice has less
adjustability, the magnet should be designed carefully
before fabrication.  This is the main reason that this type
has not yet widely applied for medically dedicated ma-
chine.  In order to demonstrate a good design, we are con-
structing a model magnet for the combined function syn-
chrotron. Based on the magnetic field calculation with
use of the three-dimensional code TOSCA, a real size
magnet for the combined function lattice shown in Fig. 1

Figure 2. Fabricated untuned cavity.

Figure 3. Schematic diagram of the fab-
ricated untuned cavity. The cavity con-
sists of two quater-wavelength coaxial
resonators with a single accelerating gap.

Fig.4.  Frequency dependence of the gap
voltage relation between multifeed coupling
(V8) and single-feed coupling(V1).

Figure 5. Configuration of the combined-function magnet.
Its three dimensional magnetic field distribution is calcu-
lated with the computer code TOSCA.

is fabricated.  In the iron pole, several slots are located
as illustrated in Fig. 5 so as to realize good field prop-
erty in the wide excitation range by equalizing the
magnetic flux density in the iron pole[4].  The betatron
tunes are evaluated for various excitation levels utiliz-
ing the calculated field distribution by TOSCA as
shown in Fig.6.  It is expected that lower order reso-
nances up to sixth order can be well kept away from
the operating point.
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Figure 6. Operating points for various excitation levels esti-
mated from three dimensional field calculation.
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Study of RFQ Accelerating Structures
Based on Multi-conductor Resonators

An analytical method which treats the radio-frequency quadrupole (RFQ) accelerating structures based
on 4-rod configuration of electrodes has been developed. A new electric-field potential function in
RFQ-channel with 4-rod configuration of the electrodes has been formulated for analytical study of
effects of the intrinsic field distortion. Modifications of 4-rod RFQ structure and a new multiple-beam
RFQ structure have been suggested.

Keywords : Linear accelerator (linac)/ Beam dynamics/ Resonance/ Resonator/ Multiple-beam RFQ
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Radio-frequency quadrupole (RFQ) accelerating
structures based on 4-rod configuration of electrodes are
widely used in linear accelerators. We have developed a
theoretical model of the RFQ resonators with 4-rod con-
figurations [1-5]. It advances a conceptual design study
of both beam dynamics and resonance structure in the 4-
rod RFQ or multi-rod RFQ system.

The general concept of the 4-rod RFQ structures is
shown in Fig.1. The 4-rod RFQ resonator consists of
four longitudinal electrodes connected with a tank by
transverse conducting stems. The resonator is simulated
as a set of four conductor shielded transmission lines
(4CSTL) connected in a cascade manner by coupling
network (see Fig. 2). It was shown [1,3], that any field in
a 4-rod RFQ resonator is expressed as a superposition of
four normal modes propagating in the 4CSTL. Figure 3
shows the E-line patterns of four normal modes.

 Qualitative analysis of 4-rod RFQ resonators has
been done [3]. The examples to reconstruct the RFQ

NUCLEAR SCIENCE RESEARCH FACILITY  —  Beams and Fundamental Reaction —

Scope of research

Particle beams, accelerators and their applications are studied. Structure and reactions of fundamental
substances are investigated through the interations 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 particles in the Universe.

Figure 1. General concept of the 4-rod RFQ structure: 1 is a
quadrupole electrode; 2 is a tank; 3 is a transverse stem.
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Figure 2. Block diagram of the equivalent circuit of an RFQ
resonator having a 4-rod configuration of the electrodes.
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fields from the results of the normal mode analysis have
been presented in [2, 3]. They are in good agreement with
numerical calculations done with MAFIA code.

Formulas for the resonance frequency, flatness of the
longitudinal voltage distribution in RFQ-channel, RF
power, Q-value and the specific shunt impedance have
been obtained. They are in agreement with MAFIA cal-
culations and experimental data.

A new formulation [5] for an electric-field potential
function in RFQ-channel with 4-rod configuration of the
electrodes has been developed for analytical study of ef-
fects of the intrinsic field distortion. The electric-field
potential function is expanded into four components cor-
responding to four normal modes. With this function, an
analytical study of beam dynamics for typical RFQ-
channels with the free-space wavelength λ of 2 m has
been made in case of the periodical accelerating structure
(see Fig.4). Dependence of beam oscillations on the
length of the resonator period lp  has been analyzed in-
cluding distorted fields. At a long period of the resonator
(lp/λ > 0.1), resonances of beam oscillations have been
found. It has been confirmed by numerical simulations.
Under the resonance condition with the field distortion of
5%, the beam transmission degrades from 95% to 60%
(see Fig.5).

Two modifications of 4-rod RFQ structure (with in-
corporated quarter-wavelength matching section and
with frequency variation) has been proposed on the base
of the normal mode technique [2].

There are applications, which require MeV-range
broad beams, e.g. heating of plasmas in confinement de-
vices and ion implantation. The broad-beams are formed
as multiple-beams consisting of an array of identical
beamlets. The beamlets should be packed very closely.
We have concluded that a simple extention of the usual
design principle from a single-channel RFQ to a mul-
tiple-beam RFQ (MB-RFQ) reduces a packing factor
considerably, since adjacent RFQ electrodes can not be
interconnected at any point.

To preserve a high packing of beamlets, a new MB-
RFQ accelerating structure arranged as a matrix-array of
the electrodes has been suggested [4] (see Fig.6). This
structure is based on a new combination of normal modes
and allows discrete connections of adjacent electrodes.
The beam dynamics in RFQ-channels is modified.
Beams perform “slalom” motions, utilizing intrinsic
transverse oscillations. Figure 7 shows the example of
the beam-structure and the electrode profiles in the X0Z-
plane. The analysis of this system is in progress.

This work is supported in part by the Grant-in-Aid for
JSPS Fellows from the Ministry of Education, Science,
Sports and Culture of Japan.
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Figure 4. Schematic diagram of the periodic 4-rod RFQ.

Figure 5. Transmission efficiency as a function of the
structure period lp.
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DBGET/LinkDB: A Way of Solution to Integrate
Diverged Biological Databases

To extract and utilize information from various forms of biological databases together with your own
database are labor-intensive for resarchers.  We present here an integrated database retrieval system
DBGET/LinkDB, which is the backbone of the Japnese GenomeNet service, to manage those tasks.
DBGET is used to search and extract entries from a wide range of molecular biology databases, while
LinkDB is used to compute links between entries in different dtabases.  It is designed to be a network
distributed database system with an open architecture, which is suitable for incorporating local data-
bases or establishing a server environment.  The WWW version of DBGET/LinkDB is integrated with
other search tools, such as BLAST, FASTA and MOTIF to conduct further retrievals instantly.  More-
over, LinkDB can search biological links to get more abstract links of biological objects, and it is the
first step toward computerization of logical reasoning process of biological data.

Keywords : Biological Database/ Database Integration/ GenomeNet Service/ DBGET/LinkDB/ Link
Computation/ Biological Link
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In order to effectively make use of the information in
the network of molecular biology databases, it is essen-
tial to develop an integrated database retrieval system.
The key interst in integrating different source of data is
the types of data coupling.  Loosely coupled approach
has been successful where different databases are linked
at the level of entries, rather than the fields that form an
entry.

The DBGET/LinkDB has the following characteris-
tics:

• Distributed database: DBGET is organized and ac-
cessible through a network configuration systm.  Data-
base can exist in different servers, but from the user's

point of view they all exist in a single DBGET server.
• Simple architecture: DBGET/LinkDB emphasizes

the manipulation of flat file databases at the level of en-
tries.  By keeping the search capabilities of individual
fields at a minimal level, the updating of DBGET data-
bases requires minimal indexing, which is suited for
rapid daily updates of a number of databases.

• Open architecture: The user can set up his/her own
DBGET world by integrating the local databases with the
databases on the DBGET server.  It is also possible to
down load public databses from GenomeNet to the user's
closed environment.  Moreover, LinkDB contains links
to other databases outside of DBGET.

With emphasis on regulatory mechanisms of gene expression in higher organisms, the research activity has been focused on

analysis of signal structures at the regulatory regions of transcriptional initiation and of molecular mechanisms involved in

post-transcriptional modification by the use of eukaryotic systems appropriate for analysis.  As of December  1994, studies

are concentrated on the molecular mechanism of RNA editing in mitochondria of kinetoplastids.
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• Different interfaces: The simplest way to access
DBGET is to use the Web interface, but by installing the
special client program NetDBget, the DBGET com-
mands can be entered at the UNIX command level.

DBGET does not convert the original files but use

faces at GenomeNet to access DBGET/LinkDB, wihch
illustrates the supported databases and the original links
among them.

LinkDB started as a collecction of factual links only.
Recently similarity links were added but they are not yet
integrated with factual links for computing indirect and
reverse links.  Biological links are being identified by the
KEGG project.  They are stored as cross-references in
the GENES databases that can be treated in a similar way
as factual links.
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Figure 1. A framework diagram of LinkDB, a database of
cross-links between molecular biology databases.

Table 2: The DBGET database on GenomeNet service..
     Group of Databases Database Names
  nucleic acid sequences *GenBank, *EMBL
  protein sequences *SWISS-PROT, PIR, PRF,

*PDBSTR
  3D structures *PDB
  sequence motifs PROSITE, EPD, TRANSFAC
  enzyme reactions *LIGAND
  metabolic pathways *PATHWAY
  amino acid mutations PMD
  amino acid indices AAindex
  genetic diseases *OMIM
  literature LITDB
  genes and genomes *GENES

Those marked by asterisks are daily or weekly updated.

Table 1: The list of auxiliary files created by seqnew.
     filename file type contents
  db.pag dbm      hash by entry and accession
  db.acc flat      primary and secondary accession
  db.tit flat      title or definition field of entry
  db.tit.pag dbm      hash by db.tit
  db.ref flat      references in entry
  db.auf flat      authors in entry
  db.lnk+.pag dbm      hash by entry for original links
  db.lnk-.pag dbm      hash by entry for reverse links

them as they are.  In order to accomplish rapid access and
search of entries, a small number of auxiliary files are
created by the indexing program seqnew during the up-
date procedure as shown in Table 1.

LinkDB contains the original links provided by each
database and the indirect and reverse links that are com-
puted.  They are defined in the link table, and the route of
computing indirect links is predefined in the route table.

At present, 17 databases and links to Medline data-
base are supported in DBGET/LinkDB.  As shown in
Table 2, all the major databases are daily or weekly up-
dated.  PATHWAY, LIGAND and GENES are the prod-
ucts of the KEGG project, where PATHWAY is the data-

base of metabolic pathways and regulatory pathways,
LIGNAD is a composite database of ENZYME and
COMPOUND, and GENES is a collection of gene cata-
logs for a number of oraganisms.

Once an entry is retrieved in the WWW mode of
DBGET, all links from this entry can be obtained by
clicking on the entry name, which causes the search
against LinkDB.  Figure 1 shows one of the Web inter-
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SEMINARS
Professor Odile Eisenstein
Universite de Montpellier 2, France
“Structures of Transition Metal Unsaturated Complexes:
A High Sensitivity to the Nature of the Ligands”
Tuesday 7 January 1997

Professor Jack R. Norton
Colorado State University, USA
“A General Mechanism for the Formation and
Fragmentation of Metallacyclobutanes. Effect of Metals
on Cycloaddition Rules.”
Saturday 11 January 1997

Dr.Dieter Neher
Max-Planck-Institut fuer Polymerforschung, Germany
“Polymer Light Emitting Diodes: Tuning of Color and
Efficiency”
Thursday 16 January 1997

Professor Richard G. Jones
University of Kent, Canterbury, UK
“Recent Advances in Understanding The Synthesis of
Polysilanes by The Wurtz Reductive-Coupling Reaction.”
Monday 20 January 1997

Professor Ryu Sato
Department of Applied Chemistry and Molecular Science,
Faculty of Engineering, Iwate University, Japan
“Chemistry of Polycarcogenoheterocycles”
Wednesday 22 January 1997

Professor Junji Inanaga
Institute for Fundamental Research of Organic Chemistry,
Kyushu University, Japan
“Organic Synthesis Using Rare Earth Metal. Resent
Development”
Thursday 23 January 1997

Professor Hideo Kitamura
High Energy Accelerator Research Organization/ Japan
Synchrotron Radiation Research Institute
“Photon Beam Line Strategy of SPring-8”
Tuesday 28 January 1997

Dr.Silvia Mittler-Neher
Max-Planck-Institut fuer Polymerforschung, Mainz,
Germany
“Integrated optics for communication, microscopy and
sensing”
Wednesday 5 February 1997

Dr. Anthony J Ryan
Materials Science Centre, UMIST, Manchester, UK
"Semi-Crystalline Block Copolymers"
Wednesday 5 February 1997

Professor Andrews D. Hamilton
Department of Chemistry, University of Pittsburgh, USA
"New Approachs to Artificial Receptor Design"
Tuesday 18 February 1997

Dr. Motoharu Mizumoto
Japan Atomic Energy Research Institute
“High Current Accelerator for the Neutron Science”
Tuesday 20 February 1997

Dr.Michael Klaus Engel
Kawamura Institute of Chemical Research, Japan
“New Porphyrazine and Phthalocyanine Single crystals”
Monday 24 February 1997

Dr. Sanjay Rastogi
Centre of Polymer and Composites, Techische Universiteit
Eindhoven, Eindhoven, Netherlands,
"Chain Mobility in Crystalline Polymers  - a novel rout
for welding and processing"
Wednesday 5 March 1997

Dr. Giovanni Bisoffi
Italian National Institute for Nuclear Physics, Legnaro,
Italy
“LNL Linac and New Injector Project”
Wednesday 5 March 1997

Dr. Luigi Tecchio
Italian National Institute for Nuclear Physics, Legnaro,
Italy
“The Crystal Storage Ring Project”
Wednesday 5 March 1997

Dr. Andrew M. Sessler
Lawrence Berkeley National Laboratory, USA
“Beam Dynamics of Muon Colliders”
Thursday 6 March 1997

Dr. Manfred Grieser
Max-Planck-Institut, Heidelberg, Germany
“Activities at the Heavy Ion Storage Ring at MPI
Heidelberg”
Friday 7 March 1997

Professor Hisanori Suzuki
Institute of Biochemistry, Faculty of Medicine, University
of Verona, Verona, Italy
"Regulation on the Expression of Nitric Oxide Synthases"
Tuesday 11 March 1997

Professor Masaru Matsuoka
Kyoto Women’s University, Department of Materials
Science
“Molecular Interaction and Self-organization”
Thursday 13 March 1997

Dr. Annette Thierry
Institut Charles Sadron, France
“Epitaxial Orientation of Polymer Thin Films with Special
Properties: The case of Polydiacetylenes”
Monday 24 March 1997

Professor Xiujian Zhao
Wuhan University of Technology, China
"Formation and Structures for Chalcohalide Glasses"
Wednesday 26 March 1997

Dr. Alper Garren
Lawrence Berkeley National Laboratory, USA
“Useful Lattice Structures”
Wednesday 26 March 1997

Professor Kenneth R. Poeppelmeier
Department of Chemistry, Northwestern University,
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Evanceton USA
“Understanding the Synthesis of Layered Cuprates”
Thursday 3 April 1997

Professor Kenneth R. Poeppelmeier
Department of Chemistry, Northwestern University,
Evanveton USA
“Optimal Stability in Multiphase Oxidation Catalysts and
Some Remarkable Solid State Chemistry in the Mg-V-
Mo-O system”
Thursday 10 April 1997

Professor P. Braunstein
University of Louis Pasteur, France
“Bimetallic Reactivity”
Saturday 26 April 1997

Dr. Masatomo Yonezawa
Chief Engineer
Research and Development Group, NEC Corporation
“Li Seondary Battery : Current State in the Fundamental
Research and the Applications”
Monday 12 May 1997

Professor Krzysztof Matyjaszewski
Carnegie Mellon University, Pittsburgh, USA
Atom-Transfer Radical Polymerization: Novel Route to
Narrow-Polydispersity Polymers of Various Architectures,
Shapes, Compositions, and Functionalities
Thursday 15 May 1997

Dr.Ralph Nelson
DuPont
“Informal Talk about the Particle Technology Group at
DuPont”
Friday 6 June 1997

Professor Hiromi Kitano
Toyama University, Toyama, Japan
Dynamics at the Interface between Polymer and Water
Monday 9 June 1997

Dr. Johan Heuts
University of New South Wales, Sydney, Australia
The Use of Controlled Radical Polymerization Techniques
for the Study of Fundamental Copolymerization Kinetics
Friday 24 June 1997

Dr. Michael K. Georges
The Xerox Research Center of Canada, Mississauga,
Canada
The Synthesis of Poly(alkyl acrylate)s by the Stable Free
Radical Polymerization  Process
Friday 24 June 1997

Dr. George A. Kraus
Department of Chemistry, Iowa State University, U.S.A.
“New Synthetic Approaches to Kainic Acid Derivatives”
Thursday 26 June 1997

Professor  Robert West
Department of Chemistry, University of Wisconsin,
Madison, USA
"Recent Advance in the Chemistry of Novel Aromatics
Containing Si and Ge"
Saturday  28 June 1997

Professor Duy H. Hua

Department of Chemistry, Kansas State University, U.S.A.
“Sulfinyl Ketimines and Sulfinimines in the Asymmetric
Syntheses of Alkaloids and Amino Acids”
Friday 18 July 1997

Professor Klaus Hafner
Institut für Organische Chemie, Technische Hochschule
Darmstadt, Darmstadt, Germany
"Syntheses and Dynamic Properties of Chiral Heptalenes"
Monday  4 August 1997

Professor Dafu Cui
Institute of Electronics, Chinese Academy of Science,
China
"Research of Chemical Sensor in the State Key Laboratory
of Transducer Technology"
Wednesday 20 August 1997

Professor Norbert Karl
Universität Stuttgart, Germany
“Vapor-Deposited Organic Thin Films For Molecular
Electronics”
Monday 1 September 1997

Dr. Ching-i Huang
Department of Chemistry, University of Minnesota,
Minneapolis, USA
"The Effects of Neutral and Selective Solvents on Ordered
Block Copolymer Solutions"
Wednesday 3 September 1997

Professor Dr. Ulrich Buchenau
Institut für Festkörperforschung, Forschungzentrum
Jülich, Germany,
"Relaxation in Polymer Glasses"
Tuesday 9 September 1997

Professor Dr. Helumuth Hoffmann
Department of Inorganic Chemistry, Technical University
of Vienna, Austria
“Infrared Reflection Spectroscopy of Organic Monolayer
Films”
Wednesday 10 September 1997

Professor Aiqiao Mi
Union Laboratory of Asymmetric Synthesis, Chengdu
Institute of Organic Chemistry, China
“Design and Synthesis of Chiral Ligands and Asymmetric
Catalytic Reactions”
Wednesday 17 September 1997

Professor Shigeru Torii
Faculty of Technology, Okayama University, Japan
“Recent Develepment of Asymmetric Induction by Means
of Electrolysis”
Friday 17 September 1997

Professor Gaorong Han
Institute of Inorganic Materials, Department of Materials,
Zhejiang University, China
"Amorphous Silicon and Its Application in a Liquid
Crystal Light Valve Device"
Friday 19 September 1997

Professor Ho Chee Cheong
Universiti Malaya, Malaysia
“Recent Advances in Characterization of Natural Latex
Film Surface”



78

Saturday 20 September 1997

Professor Michael Ilavsky
Charles University, Czech
“Structure, Formation and Physical Properties of Model
End-linked Networks”
Monday 22 September 1997

Professor J. C. Grenier
Bordeau Univewrsity, France
“New Chimie-Douce (Soft Chemistry) Processes in Solid
State Chemistry”
Monday 22 September 1997

Professor Giorgio Morelli
Istituto Nazionale della Nutrizione, Rome, Italy
“Homeodomain-Leucine Zipper Proteins of the HD-ZIP
III and IV Families in the Control of Plant Growth”
Monday 29 September 1997

Professor Ida Ruberti
Centro di studio per gli Acidi Nucleici, CNR, Rome, Italy
“Homeodomain-Leucine Zipper Proteins of the HD-ZIP
I and II Families in the Control of Plant Growth”
Monday 29 September 1997

Professor Reinhart Keese
Universitat Bern, Switzerland
“Transition Metal Induced Syntheses of Fenestranes”
Wednesday 1 October 1997

Dr. Patrick Bruno
Institut d'…lectronique Fondamentale, UniversitÈ Paris-
Sud, France
“Interlayer Exchange Coupling”
Thursday 9 October 1997

Professor Richard Neidlein
Department of Pharmaceutical Chemistry, University of
Heidelberg, Heidelberg, Germany
"Metallacycles and Heterocycles: New Synthetic Results"
Monday  13 October 1997

Professor Norimasa Okui
Faculty of Engineering, Tokyo Institute of Technology,
Tokyo, Japan,
"Crystallization of Polymers"
Friday 17 October 1997

Professor Peter M. Levy
Department of Physics, New York University, USA
“Fundamental Limit to Small Scale Magnetoresistive
Memory and Sensors”
Tuesday 21 October 1997

Professor Dr. Oliver Lindqvist
Department of Environmental Chemistry, Gothenburg
University and Chalmers University of Technology,
Sweden
“Environmental Aspects on Energy Conversion”
Wednesday 22 October 1997

Professor Guo-Qiang Lin
Shanghai Institute of Organic Chemistry, China
“Chiral Synthesis of Polyhydroxy Aza-rings, Amines and
the Restricted Biaryl Compounds”
Thursday 23 October 1997

Dr. Christopher J. G. Plummer
Lausanne Federal Institute of Technology, Switzerland
“TEM and HREM Investigations of Morphology and
Deformation in Semicrystalline Polymers”
Friday 24 October 1997

Professor Tien-Yau Luh
National Taiwan Unversity
“Synthetic Applications of the Dithioacetal Functionality”
Tuesday 28 October 1997

Professor Ken Feldmann
Department of Plant Science, Arizona University, Tucson,
Arizona, USA
“Brassinosteroids and Dwarf in Arabidopsis thaliana”
Wednesday 29 October 1997

Professor T. Don Tilley
University of California, Berkeley, USA
“Transition Metal Coupling Routes to New Polymers and
Macrocycles”
Saturday 1 November 1997

Professor Brian Halton
School of Chemical & Physical Sciences, Victoria
University of Wellington, Wellington, New Zealand
"Strained Molecules and Novel Ring-Systems:
Discoveries with Cycloproparenes"
Tuesday  4 November 1997

Professor Pierre Deslongchamps
Department of Chemistry, University of Sherbrooke,
Canada
“Transannular Diels-Alder Reaction and the Synthesis of
Diterpenes and Steroids”
Tuesday 4 November 1997

Professor David M. Hodgson
University of Oxford, UK
“Carbenes,  Carbenoids and Enant ioselect ive
Desymmetrisation”
Wednesday 5 November 1997

Dr. Kazuhisa Nakajima
High Energy Accelerator Research Organization
“Laser Acceleration and Topics of Related Physics”
Tuesday 5 November 1997

Professor Stephen L. Buchwald
Department of Chemistry, Massachusetts Institute of
Technology, U.S.A.
“Metal-Catalyzed Carbon-Heteroatom Bond Formation
in Organic Synthesis”
Friday 7 November 1997

Professor Amos B. Smith, III
Department of Chemistry, University of Pennsylvania,
U.S.A.
“The Spongistatin Antitumor Agents: Architecturally
Complex Synthetic Targets”
Saturday 8 November 1997

Dr. Mathias Floersheimer
Department of Physics, University Muenster, Germany
”Second Harmonic Imaging of Surface Order and
Symmetry”
Thursday 13 November 1997
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Professor Jozef Drabowicz
Polish Academy of Sciences in Lodz, Poland
“Studies on Sulfur Compounds: Synthetic and
Stereochemical Aspects”
Thursday 13 November 1997

Professor Edmunds Lukevics
Latvian Institute of Organic Synthesis, Latvia
“Synthesis, Structure and Biological Properties of
Germatranes”
Friday 14 November 1997

Dr. Alexey V. Latyshev
Institute of Semiconductor Physics, Academy of Science,
Novosibirsk, Russia
“Electromigration on Si Surfaces”
Tuesday 18 November 1997

Professor Thomas S. Livinghouse
Montana State University, USA
“Enantio- and Diastereo- Controlled Chemical Synthesis
via Transition Metal Complexes”
Wednesday 19 November 1997

Dr. Yamanaka Masanori
“Scattering of an Electron by Magnetic Domain Walls”
Department of Applied Physics, The University of Tokyo
Thursday 20 November 1997

Dr. Shigenori Hiramatsu
High Energy Accelerator Research Organization
“Free Electron Laser for Gamma Collider”
Friday 21 November 1997

Dr. Xiaozhong. Zhang
Department of Physics, National University of Singapore,
Singapore
“Atomist ic  Simulat ion of  High Temperature
Superconductors”
Monday 24 November 1997

Dr. Hugo Christenson
Department of Applied Mathematics, Research School of
Physical sciences, Australian National University,
Australia
157th Colloid Science Seminar
“Surface Forces and Long Range Hydrophobic Attraction
Is the Long-Range Hydrophobic Attraction Relatied to
the mobility of Adsorbed Hydrophobic Groups?”
Thursday 27 November 1997

Dr. Satoru Yamada
National Institute of Radiological Sciences
“HIMAC, Accelerator for Cancer Therapy”
Friday 27, 28 November 1997

Dr. Henri Dhanzy
Centre de Recherches sur les Macromolécules Végétales,
CNRS, France
“Structural Aspects of Polyaccharide Drystals”

Wednesday 3 December 1997

Dr. Dominique Bourgeois
European Synchrotron Radiation Facility, France
"The Laue Technique for Time-resolved Macromolecular
Crystallography: advantage, shortcomings and associated
processing difficulties"
Wednesday 3 December 1997

Dr. Giuseppe Lamanna
Italian National Institute for Nuclear Physics, Bari, Italy
“Toward Ion Beam Ordering”
Wednesday 3 December 1997

Professor Seiichi Tokura
Hokkaido University, Sapporo, Japan
Chemistry and its Application of Chitin and Chitosan
Friday 5 December 1997

Professor Eishun Tsuchida
Waseda University, Tokyo, Japan
Advanced Materials and Polymer Complexes
Friday 5 December 1997

Professor Robert Corriu
University of Montpellier II, France
“The Monophasic Hybrid Organic-Inorganic Materials”
Monday 8 December 1997

Professor Masako Kato
Department of Chemistry, Nara Women’s University
“Crystal Structures and Their Fluorescent Properties of
Pt -Diimine Complexes with Multi-dimensional
Interaction”
Tuesday 9 December 1997

Professor Jay S. Siegel
Department of Chemistry, University of California, San
Diego, USA
"Cyclohexatriene: Kekule, Mills-Nixon, and Now"
Saturday  13 December 1997

Professor Masataka Mori
Department of Molecular Genetics, Kumamoto
University, Kumamoto, Japan
"Formation of Mitochondria and Molecular Chaperon"
Monday 15 December 1997

Professor Hiroyuki Nakazumi
Osaka Prefectural University
"Preparation and Properties of Functional Dye-
Incorporated Gel Films"
Friday 19 December 1997

Professor Edgar Niecke
Institut for Anorganische Chemie, Bonn, Germany
“Anions, Cations and Carbene Analogues, Containing P/
N Bonds”
Monday 22 December 1997
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MEETINGS AND SYMPOSIUMS
K y o t o  U n i v e r s i t y  C e n t e n n i a l
Commemoration Symposium
21 November 1997

1. Particle beam as an developer of future microscopic
world: accelerators and their applications
Makoto Inoue

2. How can the organic ligands recognize the metal ion
sizes.
Masakazu Matsui

3. Life chemistry in the 21st century: Visualization,
manipulation and creation of genes
Kunihiro Ueda

Tutorial on Chemistry for High-School
Students
25 October 1997

1. Chemistry and green effect
Masakazu Matsui

2. Polymer chemistry in the next  age
Takeaki Miyamoto

15th International Colloquium on Magnetic
Films and Surfaces (ICMFS’97)
4-8 August 1997, Novotel Twin Water Resort,
Queensland, Australia
(Organized by Institute for Chemical Research, Kyoto
University)

20th Symposium on Solution Chemistry
6-8 November 1997

Organized by Japan Society of Solution Chemistry

Workshop Organized by Research Facility of
Nucleic Acids
“The Frontier of Plant Science”
15 December 1997

Relat ionship between the genes contr ibut ing
morphogenesis of apical meristem and separation of
cotyledons
Mitsuhiro Aida
Faculty of Science, Kyoto University, Kyoto, Japan

Functional analysis of the CPC gene controlling root hair
formation
Takuji Wada
Institute of Biomolecular Engineering, Osaka, Japan

Mutations affecting twisted characteristics of Arabidopsis
thaliana
Takashi Hashimoto
Nara Institute of Science and Technology, Nara, Japan

Control of methionine biosynthesis
Satoshi Naito
Faculty of Agriculture, Hokkaido University, Hokkaido,
Japan

Transcriptional regulation responsive to abscisic acid and
its tissue specificity
Tsukaho Hattori
Gene Research Center, Mie University, Mie, Japan

Signal transduction system for cytokinin
Tatsuo Kakimoto
Faculty of Science, Osaka University, Osaka, Japan

Are there two-component regulatory systems universally
in higher plants?
Atsuhiro Oka
Institute for Chemical Research, Kyoto University, Kyoto,
Japan

MAP kinase cascade in higher plants
Tsuyoshi Mizoguchi
Institute of Physical and Chemical Research (RIKEN),
Ibaraki, Japan

Signal transduction for expression of disease and
wounding resistance
Yuko Ohashi
National Institute of Agrobiological Resources, Ibaraki,
Japan

Isolation of genes contributing differentiation of apical
meristematic cells with an equalized cDNA library
Dr. Takayuki Kouchi
Nara Institute of Science and Technology, Nara, Japan

Structural analysis of the Arabidopsis thaliana genome
Dr. Satoshi Tabata
Kazusa DNA Institute, Chiba, Japan
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THESES
IWAMOTO, Chika
“Studies on Antitumor Metabolites from Marine
Microorganism”
Supervisor: Professor Fuji K
23 January 1997

YAMAGUCHI Shigehiro
D Eng, Kyoto University
“Silole-Containing π-Conjugated Compounds”
Supervisor: Professor Tamao K
23 January 1997

HOSHINO, Akitaka
D Sc, Kyoto University
“Study on Organic Ultrathin-Layer Interfaces by Scanning
Tunneling Microscopy”
Supervisor: Professor Kobayashi T
23 March 1997

KABETA Keiji
D Eng, Kyoto University
“Preparation, Photoreaction, and Application of
Alkoxypolysilanes and Related Compounds”
Supervisor: Professor Tamao K
23 March 1997

AHN, Mija
D Pharm Sci, Kyoto University
“Studies on the Diastereoselective Reactions Using
Optically Active Binaphthol”
Supervisor: Professor Fuji K
24 March 1997

HASEGAWA, Hiroshi
D Sc, Kyoto University
“Seasonal Changes in Arsenic Speciation in Hydroshere”
Supervisor: Professor Matsui M
24 March 1997

HISANO, Tamao
D Sc, Kyoto University
“Structural biological studies on dehalogenation
mechanism of L-2-haloacid dehalogenase”
Supervisor: Associate Professor Hata Y
24 March, 1997

IMAJUKU, Yoshiro
D Sc, Kyoto University
“A CDC2 Gene Family in Arabidopsis thaliana”
Supervisor: Professor Oka A
24 March 1997

ITO, Toshiro
D Sc, Kyoto University
“Cloning and Characterization of Genes Contributing
Flower Morphogenesis in Arabidopsis thaliana”
Supervisor: Professor Oka A
24 March 1997

KAPIN, Valeri Vyacheslavovich
D Sc, Kyoto University
“A New Analysis of 4-rod RFQ Linac with Intrinsic Field
Distortions”
Supervisor: Professor Inoue M
24 March 1997.

KUNITOMO, Jun
D Sc, Kyoto University
“Physical Properties and Stereochemistry in (Net)
Hydride-Transfer Reactions of Atropisomeric
Flavoenzyme Models”
Supervisor: Professor Ohno A
24 March 1997

LE Thi Hanh Quyen
D Sc, Kyoto University
“Molecular Design of Chelating Ligands with Highly
Selective Recognition and Separation Function for Metali
Ions”
Supervisor: Professor Matsui M
24 March 1997

NAKATSU, Toru
D Agr, Kyoto University
"Structural Studies on Asparagine Synthetase from
Escherichia coli K-12"
Supervisor: Professor Oda J
24 March 1997

OBATA, Hajime
D Sc, Kyoto University
“Development of an Automated Analytical Method of Iron
in Seawater and Studies on the Behavior of Iron in the
Ocean”
Supervisor: Professor Matsui M
24 March 1997

SHIRAI, Osamu
D Sc, Kyoto University
“Voltammeric investigation on ion transport through a
ligand membrane on a bilayer lipid membrane”
Supervisor: Professor Matsui M
24 March 1997

YAMAURA, Kazunari
D Sc, Kyoto University
“Synthesis and Physical Property of Layered Copperand
Nickel Oxides”
24 March 1997

WAKAI, Chihiro
D Sc, Kyoto University
“Anomalous viscosity dependencies of rotational and
translational coefficients of solitary water molecules in
organic solvents”
Supervior: Professor Nakahara M
24 March 1997

SASAKI, Takayuki
D Sc, Kyoto University
“Studies on the Complex Formation Reaction of Metal
Ions with Macrocyclic Ligands in the Aqueous Solution”
Supervisor: Professor Matsui M
23 May 1997

EMOTO, Takeshi
D Sc, Kyoto University
“Magnetism of Au/M (M=Fe, Co and Ni) Multilayers by
Mössbauer Spectroscopy”
Supervior: Professor Shinjo T
23 July 1997
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CHONG, Iksu
D Sc, Kyoto University
“Single Crystal Growth of Pb substituted Bi-Based
Superconductors and Magnetic Property”
24 September 1997

ONOE, Jun
D Sc, Kyoto University
“Relativistic Effects on Covalent Bonding: Role of
Individual Valence Atomic Orbitals”
Supervisor: Mukoyama T
24 September 1997

MATSUDA, Tsunetoshi
D Eng, Kyoto University
“Molecular Simulation Studies on Structure and Properties
of Linear Polymers”
Supervisor: Professor Kaji K
24 September 1997

MIZUHARA, Hidekazu
D.Pharm Sc,  Kyoto University
“Induction Mechanism of T Cell-Dependent Mouse-
Hepatitis by Concanavalin A”
Supervisor: Professor Sugiura Y
24 September 1997

NAGAOKA, Makoto
D.Pharm Sc,  Kyoto University
“DNA Recognition and Functinal Conversion of Zinc
Finger Typed Transcription Factor Sp1”
Supervisor: Professor Sugiura Y
24 September 1997

IKEGAMI, Masanori
D Sc, Kyoto University
“Halo Formation from High Current Axial Symmetric
Beams”
Supervisor: Professor Noda A
25 November 1997.

KURODA, Akio
“Studies on Optically Active 1,1'-Binaphthalene-8,8'-Diol:
Applications to Asymmetric Synthesis and Molecular
Recognition”
Supervisor: Professor Fuji K
25 November 1997

TANIGUCHI, Kiyoshi
“Syntheses and Structure-Activity Relationship of Cychic
Amines Having Anti-Bladder Contraction Activity”
Supervisor: Professor Fuji K
25 November 1997



ORGANIZATION AND STAFF
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Award

Professor Emeritus Dr. Kenji SODA

(Molecular Microbial Science, Division of

Molecular Biofunction)

Dr. Kenji Soda, Professor Emeritus of Kyoto
University, received a Purple Ribbon Medal (Shijuhosho)
on November, 1997.

Dr. Soda was born in Aichi Prefecture on February 7,
1933.  He graduated from Faculty of Agricultural and
Biological Chemistry, Kyoto University in 1956 and
continued his studies on microbial biochemistry under the
supervision of the late Professor H. Katagiri.  He graduated
from the Doctor Course of Agricutural and Biological
Chemistry, Kyoto university, and awarded the degree of
Ph.D. in 1961.

He started his academic carrier as an instructor of the
Departement of Agricutural and Biological Chemistry,
Kyoto University to study microbial biochemistry and
biotechnology with the late Professor K. Ogata, and
Professor T. Tochikura in 1962.   During 1963 and 1965,
on leave from Kyoto University he stayed at Tufts
University School of Medicine, Boston, Mass, U.S.A. as
a visiting research fellow of Department of Biochemistry,
and studied the biochemstry of amino acids with Professor
A. Meister.  In 1965, he was promoted to an associate
professor at the Laboratory of Microbial Biochemistry of
the Institute for Chemical Research, Kyoto University.
In 1981, Dr. Soda was appointed full professor of Kyoto
University,  and directed the Laboratory of Microbial
Biochemistry, Institute for Chemical Research.  At the
Graduate School of Agriculture, Kyoto University, he
gave lectures on Microbial Biochemistry and Applied
Microbiology and supervised the dessertation works of
many graduate students.

On the 31st of March, 1996,  Dr. Kenji Soda retired
from Kyoto University after having completed his 35 years
of service at Kyoto University, and was honored with the
title of Emeritus Professor of Kyoto University on the
following day.  Now, he takes a position as a professor of
Kansai University.

Dr. Soda devoted himself to the Japanese Biochemical

Society and officiated as President of the Society between
1992 and 1993.  He was also the trustee of Japan Society
of Bioscience, Biotechnology and Agrochemistry,
Vitamin Society of Japan, and others.  He was awarded
the Prize of Agricultural Chemical Society of Japan for
Young Scientists in 1969, the Prize  of Vitamin Society
of Japan in 1985, and the Prize of the Japan Society of
Bioscience, Biotechnology and Agrochemistry in 1992.

For the past forty years, he extensively investigated
various aspects of microbial biochemistry.  He studied
the structure and functions of biocatalysts produced by
microorganisms, in particular, pyridoxal enzymes, NAD
enzymes, and flavin enzymes: he characterized L-lysine
ε-aminotransferase, D-amino acid aminotransferase,
kynurenine aminotransferase, arginine racemase, alanine
racemase,  amino acid racemase with low substrate
specificity,  methionine γ-lyase, leucine dehydrogenase,
alanine dehydrogenase, phenylalanine dehydrogenase,
meso -α,ε-diaminopimelate D-dehydrogenase and others.
He carried out also the research on the metabolism and
biofunction of selenium containing amino acid and
peptides.  He has found new enzymes participating in the
selenium metabolism such as selenocysteine β-lyase and
a new pathway of the microbial fluorine metabolism.  He
also engaged himself in the characterization and
application of new biomolecules.  For example, he has
elucidated the molecular structure and  functions of
thermostable and thermolabile enzymes and studied their
application.

He discovered a few halo acid dehalogenases, and
studied their structure and functions, and new oxygenases
and oxidases acting on nitro compounds, and
characterized. He modified and improved their properties
by protein engineering and developed a new procedure to
effectively decompose the nitro compounds in waste water
by means of these enzymes.
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On the 31st of March, 1998, Dr. Jun’ichi Oda retired
from Kyoto University after 33 years of service to the

University and was honored with the title of Professor

Emeritus of Kyoto University.
Dr. Oda was born in Kyoto on the 20th of December,

1934.  After graduation from Department of Agriculture,

Kyoto University in 1959, he continued his studies on the
synthesis and evaluation of biologically active natural

products as a graduate student.  In 1965, he was
appointed an instructor of the Laboratory of Plant

Product Chemistry, Institute for Chemical Research,

Kyoto University, under the supervision of the late
Emeritus Professor Minoru Ohno.  He was granted a

doctoral degree from Kyoto University in 1965 for his

studies on the synthesis of naturally occurring cumarane
compounds.  During 1968 and 1969, on leave from

Kyoto University, he stayed at the Department of

Chemistry, Bonn University in West Germany and
studied the metabolism of chlorinated hydrocarbon

insecticides with Professor F. Korte.  In 1973, Dr. Oda

was promoted to Associate Professor of the same
laboratory.  In 1984, he was appointed full Professor of

Kyoto University and directed the Laboratory of Plant

Product Chemistry (present name, Molecular
Biofunction I), Institute for Chemical Research, Kyoto

University.  From the 1st of April, 1992, to the 31st of

March, 1994, Dr. Oda was appointed Director of the
Institute and made great contributions not only to the

Institute but also to the University as a councilor.

During the past 33 years, his research interest
encompassed a wide array of synthetic organic

chemistry, stereochemistry, bioorganic chemistry,
molecular biology and structural biology. Following his

early studies on the synthesis of biologically active plant

products, he developed a series of asymmetric reactions
such as Simmons-Smith reactions, cyclopropanations

and a sigmatropic rearrangement.  He synthesized a

series of chiral dihydronicotinamide (NADH)
derivatives as a model study of alcohol dehydrogenase,

and carried out the stereoselective reduction of ketones
with high enantioselectivity.  He also focused on the use

of lipases as a chiral catalyst in organic synthesis and

prepared several important chiral synthons.  As a
molecular biological aspect of his research, he cloned the

gene of a microbial lipase and characterized a hitherto

unknown protein which might assist the folding of the
lipase.  He also prepared the catalytic antibodies which

are capable of stereoselective hydrolysis of esters and

carbonates, and defined the mechanisms of the catalyzed
reaction and product inhibition.  His research interest in

enzyme chemistry and structural biology was

highlighted by the X-ray crystallography of ATP-
dependent ligases such as glutathione synthetase and

asparagine synthetase.  He also designed and synthesized

a transition-state analogue inhibitors of these ligases and
used for the elucidation of the detailed reaction

mechanisms of the ligases by inhibition kinetics and

structural characterization of the enyzme-inhibitor
complex, along with a time-resolved X-ray crystal

analysis.  For his brilliant achievements on biocatalysts,

he was awarded a prize from Japan Society for
Bioscience, Biotechnology, and Agrochemistry in 1996.

Professor Jun'ichi ODA

(Functional Molecular Conversion Laboratory,

Division of Molecular Biofunction)

Retirement
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NAME INDEX

[A]
ABE, Shuichi 24
ADACHI, Yoshifumi 42
AIZAWA, Yasunori 40
AKAGI, Nozomu   6
AKIYAMA, Hisashi 10
AKUTAGAWA, Tohru 48
ANDREA, Barbetta   8
AO, Hiroyuki 56
AOYAGI, Amane 44
AOYAMA, Takashi 50
ARAKI, Michihiro 40
ASAHARA, Masahiro 34
ASAMI, Koji 12
AZUMA, Masaki 20
AZUMA, Yohei 14

[B]
BAHK, Song-Chul 46
BANASIK, Marek 42
BEDIA, Elinor L.   8
BONO, Hidemasa 52
BOSSEV, Dobrin 10

[C]
CHEN, Jijun 36
CHONG, Iksu 20
CHOO, Dong-Won 46

[D]
DAO, Duc Hai 38
DOI, Noriyuki 34
DONKAI, Nobuo 30

[E]
ENDO, Keiji 46
ENDO, Masaharu 44
ESAKI, Nobuyoshi 46

[F]
FLOERSHEIMER, Mathias   6
FUCHIKAMI, Yoshihiro 46
FUJI, Kaoru 36
FUJIBUCHI, Wataru 58
FUJIEDA, Miho 54
FUJII, Mikio 38
FUJII, Ryota 44
FUJII, Tomomi 48
FUJIKI, Michiya 61
FUJITA, Masahiro   8
FUJITANI, Sumiaki 40
FUJIWARA, Eiichi   6
FUJIWARA, Koichi 32
FUKUDA, Takeshi 30
FURUBAYASHI, Yutaka 18
FURUKAWA, Chieko   6
FURUTA, Takumi 36
FUTAKI, Shiro 40

[G]
GALKIN, Andrey 46
GOTO, Atsushi 30
GOTO, Koji 50
GOTO, Susumu 52
GUTIERREZ, Aldo Francisco 46

[H]
HAHAKURA, Seiji   6
HAMADA, Masaki 36
HAMADA, Sunao 16
HAMAJIMA, Hirokazu 26
HARA, Yuji 40, 42
HASEGAWA, Hiroshi 14
HASSDORF, Ralf 16
HATA, Yasuo 48
HATTORI, Kimihiko 28
HATTORI, Takeshi 22
HATTRI, Masahiro 52
HAYASHI Motoko 38
HAYASHI, Noriyuki 36
HIDA, Kouichi 38
HIRAGI, Yuzuru 48
HIRAI, Asako 28
HIRANO, Toshiko 38
HIRANO, Yuriko 46
HIRATA, Kazuhisa 32
HIRATA, Yoshitaka   8
HIRATAKE, Jun 44
HIROI, Zenji 20
HOMMA, Takashi 50
HONG, Seung-Pyo 46
HORIGUCHI, Nariatsu   8
HORII, Fumitaka 28
HOSOITO, Nobuyoshi 16
HU, Shaohua 28

[I]
ICHIYAMA, Susumu 46
IDE, Nobuhiro 30
IGARASHI, Yoshinobu 52
IIDA, Mamoru 20
IKEDA, Yasunori 18
IKEGAMI, Masanori 54
IMADA, Tomokatsu 10
IMANISHI, Miki 40
IMIYA, Chie 30
INABA, Yoshikazu 38
INOUE,  Makoto 44, 56
INOUE, Tadashi 24
INOUE, Teruhiko 40
RIE, Satoshi   6
IRIE, Takayuki 44
ISHIDA, Emi 36
ISHIDA, Hiroyuki 28
ISHII, Hiroyuki 34
ISHIKAWA, Yoshiteru 38
ISHIZUKA, Takashi   4
ISODA, Seiji   6
ISOMURA, Takenori 28

ITAMI, Yujiro 34
ITO Kenji 38
ITO, Takahiro 16
ITO, Yoshiaki   4
IWASHITA, Yoshihisa 56
IZU, Yasumasa 30
IZUKAWA, Yoshiteru 32

[J]
JIN, Jisun 22
JIN, Ren-Zhi 34

[K]
KAJI, Hironori 28
KAJI, Keisuke 26
KAJI, Tamaki 40
KAJITA, Daisuke 22
KAKIGI, Shigeru 54
KAMIJO, Takashi   8
KAMIUCHI, Tatsuya 40
KANAYA, Toshiji 26
KANDO, Masaki 54
KANEHISA, Minoru 52
KAPIN, Valeri 56
KASAI, Yutaka   8
KATANO, Rintaro   4
KATAYAMA, Toshiaki 52
KATO, Hiroaki 44
KATO, Noriyuki 32
KATO, Shin-ichiro 46
KATOH, Makoto 44
KAWABATA, Takeo 36
KAWACHI, Atsushi 34
KAWAI, Kunichika 10
KAWAI, Seiji 36
KAWAI, Yasushi 38
KAWAMURA, Takanobu   8
KAWANISHI, Hiroyuki 28
KAWANO, Katsuya 18
KAWASAKI, Shuji 20
KAWASHIMA, Shuichi 52
KIHARA, Daisuke 52
KIHARA, Takahiro 54
KIMURA, Noriyuki 10
KINOSHITA, Masamichi 38
KINOSHITA, Naozumi 36
KISHIMOTO, Kazuhisa 46
KISHIMOTO, Yasuhiro 56
KITA, Yasuo 12
KITAGAWA, Hiroshi 30
KITAGAWA, Koichiro 42
KITAGAWA, Yukio 22
KOBAYASHI, Naoya 20
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