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Abstract: For argon, krypton, and xenon clusters, the vibrational zero-point energy correc-
tions to the classical binding energies were calculated by using the harmonic approximation
to the Lennard-Jones 6-12 potential. The relative stabilities of the face centered cubic and the
non-crystalline icosahedral structures were examined for complete shell clusters in the range
of N = 13-1415. The zero-point energy values for argon are in the range of 11%-13% of the
classical binding energy. The values follow the order Ar > Kr > Xe, and those for Kr and Xe are
about 50% and 30% of those for Ar. For N < 309, the values for the icosahedral structure are
somewhat larger, meaning that the icosahedral structure is slightly unstable. However, it is
not enough to affect the conventional order. For NV > 923, the values for the f.c.c. structure are
larger, and thus, the order did not change. The zero-point energy correction does not affect the
conventional order of stability.

Keywords: rare-gas cluster, crossover of structure, molecular mechanics, zero-point energy,

vibrational energy

Introduction

For stable structures of atomic nuclei and crystal
seeds and for the local geometries of liquids, a
structure with five-fold symmetry has been proposed
for aggregates made of 13 particles'”. The structure
has been extended by Mackey to clusters of all sizes.
He has noticed that it is nearly as dense as the
closest packing structure is”.

Audit has studied the free expansion of argon and
xenon gases in a supersonic jet by using electron
diffraction®. He has observed that the structure
changes from a dimer to a liquid droplet and a
liquid droplet to a crystal due to an increase in
the pressure. In the diffraction graphs, the 111
peak is much stronger than the 200 peak 1is.
However, he does not explain the reason for the
different intensities. Hoare and Pal have studied
the structures and shapes of rare-gas clusters for
cases where the number of atoms per cluster (V)
is in the range 3-70 by using molecular mechanics
with the Lennard-Jones (Ii-J) 6-12 potential and
the Morse potential”. They have concluded that
amorphous structures composed of tetrahedra, each

of which consists of four atoms, bound in face-to-face
form. For closed-shell clusters of 13 and 55 atoms,
a non-crystalline icosahedral structure (Mackay
icosahedron) has been shown to be more stable
than the face centered cubic (f.c.c.) cuboctahedron
and amorphous structures are. Farges et al. have
studied argon clusters formed in a supersonic
beam by using electron diffraction”. The diffraction
graphs have been interpreted by using a simulation
with a nearly spherical-shaped f.c.c. structure with
N = 500. In the results of the simulation, they have
found that the 111 peak is much stronger than the
200 peak is, as was observed earlier by Audit, and
they ascribe the difference to the formation of a non-
crystalline structure in an early stage of generation.

Echt et al. have obtained the mass spectra of xenon
clusters formed in a supersonic beam”. They have
observed that, in the mass spectra, 13, 19, 25, 55, 71,
87 and 147, which correspond to the intense peaks,
are magic numbers of atoms. Of these numbers, 13,
55 and 147 correspond to the numbers of atoms for
closed-shell clusters with icosahedral structures. On

©Research Institute for Integrated Science, Kanagawa University
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the basis of this observation and the binding energy
calculations by Hoare, he has concluded that xenon
clusters have an icosahedral structure. However,
the above three magic numbers also correspond to
the closed shell numbers for the f.c.c. cuboctahedral
structure, and the magic number 19 corresponds to
that for the f.c.c. octahedron.

Ten years after the first study, Farges et a/.
again studied argon clusters by using electron
diffraction'®'”. They concluded from a simulation
of the diffraction graphs that clusters in the N
range of 20-50 have poly-icosahedral structures
formed through the union or interpenetration of NV
= 13 fundamental icosahedra and that clusters in
the V range of 50-750 have multi-shell icosahedral
structures (Mackay icosahedra). They suggest that,
at V = 75, the first structure transition from poly-
icosahedral to multi-shell icosahedral structures
occurs and, at NV = 750, the second transition from
multi-shell icosahedral to f.c.c. crystal structures
occurs.

Xie et al. have calculated the binding energies of
rare-gas clusters by using molecular mechanics
with the L-J 6-12 potential®. They report that, for
clusters of smaller /V, the icosahedral structure is
more stable than the cuboctahedral f.c.c. structure is
and that the structures form between NV = 8217 and
10179. For clusters in the range of 500 <V < 6000,
Raoul et al. report that results obtained by using
molecular mechanics calculations with the L-J 6-12
potential are similar to those reported by Xie et a/. *¥
In addition, they show that the Marks decahedral
structure is stable in the range of 1600 <NV < 105.

Van de Waal has examined electron diffraction
graphs obtained in 1973 by Farges et al. and has
shown via simulation that they can be interpreted
by using an f.c.c. microcrystalline structure with
N = 3000 grown from twin nuclei with 5-fold
symmetry'”. On the basis of this interpretation, he
has proposed a dynamic model for crystal growth
without a structural phase transition, in which an
f.c.c. crystal forms naturally from icosahedral or
similar structural nuclei with 5-fold symmetry. The
two peaks at the smallest angles, which correspond
to the icosahedral structure, and the other peaks
for the f.c.c. structure provide evidence for Van de
Waal’s interpretation of the diffraction graphs.
Kovalenko et al. have studied argon, krypton, and

xenon clusters with V> 2000 formed in a supersonic
jet expansion by using electron diffraction'”'”. They
have interpreted the diffraction graphs by invoking
f.c.c. structures with deformation and intersection
type defects. They support the kinetic crystal growth
model proposed by Van de Waal. However, studies
of large argon clusters in the range of 10° <N < 10°
by using electron diffraction, reported by Van de
Waal et al., do not support the formation of an f.c.c.
structure, but they do support the formation of a
mixture of f.c.c., h.c.p. and random structure regions,
which is inconsistent with the kinetic crystal growth
model™. In supersonic jet expansion experiments,
clusters with non-equilibrium structures can be
produced.

As the above results show, clusters with N < 750
have non-crystalline icosahedral, poly-icosahedral
and multi-shell icosahedral structures, and those
with &V > 750 have f.c.c. crystalline structures. The
transition between these two types of structures is
difficult to understand. Farges et a/. and Northby
support a real phase transition, whereas Van
de Waal and Kovalenko et al. support a gradual
structure change, in which icosahedral nuclei are
incorporated. As recent results by Van de Waal et
al. show, there is another problem because clusters
with non-equilibrium structures can form in
supersonic jet expansions. However, only clusters
with equilibrium structures can undergo phase
transitions. For the crossover from icosahedral
to f.c.c. structures, there is still a discrepancy
between experiment and theory. Experimentally,
the phase transition has been shown to occur at
N = 750, whereas it has been theoretically shown
to occur in the range of 8217 < N < 10179. From
this discrepancy, it has been suggested that the
interatomic forces between distant atoms in a
cluster are shielded by neighboring atoms to become
short range ones, and this crossover has been
studied by using molecular mechanics with short
range L-J potentials'”. When the L-J 8-14 potential
1s used, crossover occurs at /V = 750.

The binding energies calculated by using molecular
mechanics are classical ones. By adding the zero-
point vibration energies, the quantum mechanical
binding energies are obtained. In this report, the
quantum mechanical binding energies for heavy
rare-gas clusters with f.c.c. cuboctahedral and



icosahedral structures were calculated by using the
harmonic approximation of the L-J 6-12 potential.
On the basis of the results, the stable structures and
the crossover between structures are discussed

Methods
A general form of the Lennard-Jones potential is
given by
U R s
7 7
V (r,r)=—2"-|5|-—>| —R| 2> |, 1
a,b( a b) R—S (}"a,h} (’/a‘bJ ( )

where a and b are the labels of the atoms, and ra,b
1s the distance between atoms a and b. Integers R
and S are parameters for determining the range of
the interatomic forces. For convenience, £ = 12 and
S = 6 were employed. The total potential energy of a
cluster composed of NV atoms is given by

U=UN(r1,r2,...)=Z Z V., (x,,.r,). )

a=1 b=a+l

The minimum value of the potential energy
corresponds to the classical binding energy, and the
correspondent coordinates r.” are the coordinates
for the stable structure of the cluster, which were
calculated by using molecular mechanics® 2",

In order to calculate the zero-point vibrational
energies, a method based on Cartesian coordinates
was used?”. Thus, it was possible to obtain six
vibrational frequencies, which are equal to zero. The

harmonic approximation Uh of the L-J 6-12 potential

was used:
NN 33 ;

7555 % )l £ TR OR T
c=1 d=1 i=1 j=1

2
ks =~ 0 ={ .aU : } , @
0s(J), 0s(i),0s(j),

k,=ki i a=3c=D)+i, =3d-D+j, ©)

S(is()?
where k& is the force constant, and s() is the
displacement from the equilibrium position. C' and d
are the labels of the atoms, and 7 and; are the labels
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of coordinate components, which take values of 1, 2,
and 3 corresponding to the x, y, and z components.
The superscript 0 refers to the stable structure. s(1)
c=xc —x, 52 =y -y, and s(3). = z —z°. a and
B are labels composed of ¢ or d and 1, 2, or 3 and
are in the range of 1-3NV. An application program
MATLAB was used for solving the eigenvalue
problem of & . 5 2.

For actual calculations, reduced units, which are
shown in Table 1, were used** .
The zero-point vibrational energy is given by

E= %(Lj ho (6)
~\ 4r “

The same formula expressed in reduced units is
given by

E* . ( 1 jh ES ES ( 1 jh £ . ES
4z “ 4 ~ )

a=1

Quantities with an asterisk (*) are those represented
in reduced units. For example, A*=hA/ho and Ao =

1/2 1/2
romo"*Uo"”.

Table 1. Reduced units for Ar, Kr, and Xe

unit Ar Kr Xe
ro(/nm) 0.340 0.360 0.410
Uo(/102J) 166 236 305
mo(/10%*%kg) 6.6336 13.916 21.803
to(/ps) 2.15 2.76 3.47

Results and Discussion

The zero-point energy values calculated for the f.c.c
and the icosahedral structures are shown in Table 2.
First, the changes in the values with respect to the
sizes of the clusters are discussed. For clusters with
N <309, the icosahedral structures have large zero-
point energy values. The difference between the two
structures becomes smaller with an increase in 2V,
and it is nearly zero when NV = 561. When NV > 923,
the zero-point energy for the f.c.c. structure becomes
large, and it becomes larger with an increase in
N. Next, the zero-point energy values for Ar, Kr,
and Xe are compared. The values for Ar are the
largest, and the other follow in the order Ar > Kr >
Xe. The values for Kr are about 50% of those for Ar,
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and those for Xe are about 30% of those for Ar. The
values 1n parentheses for the f.c.c. structure with NV
= 13 are tentative since the minimum value of the
vibrational frequency was a negative value. The
values for V> 1415 could not be obtained because of
the limited amount of available computer memory.
Zero-point energy corrections to the binding energy
values for the Ar clusters are shown in Table 3.
The zero-point energy values were 11%—13% of
the classical binding energies for all values of V.
This means that they are not small enough to be
neglected. When NV < 309, the zero-point energy

values indicate that the icosahedral structure is a
little unstable, but this does not affect the order of
the stabilities. When NV > 923, the zero-point energy
values are larger for the f.c.c. structure, supporting
the usual order of stabilities. In addition, the
quantum mechanical binding energy values support
the classical order of stabilities. When NV < 8217, the
1cosahedral structure is stable, and crossover occurs
in the range of 8217 < NV < 10179. Binding energy
calculations based on classical mechanics can be
used to predict the stable structures of rare-gas
clusters.

Table 2. Zero-point energy values for the f.c.c. and the icosahedral (Gh.) structures of Ar, Kr, and Xe clusters

No.of Zero-point energy for f.c.c Zero-point energy ih.

atoms Ar Kr Xe Ar Kr Xe
13(1)* (6.152) (3.366) (2.077) 6.429 3.518 2.171
55(2) 34.31 19.32 11.92 35.83 19.60 12.09

147(3) 105.7 57.83 35.68 106.4 58.19 35.91

309(4) 235.8 129.0 79.60 236.4 129.3 79.79

561(5) 444.1 243.0 149.9 444.2 243.0 145.0

923(6) 749.2 409.9 252.9 748.1 409.3 252.6

1415(7) 1170 639.9 394.8 1167 638.2 393.8

* Numbers in parentheses represent the numbers of shells H.

Table 3. Binding, zero-point, and total energies for the f.c.c. and ih structures of Ar clusters

No. of fe.c. ih
toms Binding energy  Zero-point energy Total energy Binding energ  Zero-point energy Total energy
13 —40.8844 (6.152) (-34.7324) —44.3268 6.429 -37.8978
55 —268.276 35.31 —232.966 —279.248 35.83 —243.418
147 —854.376 105.7 —748.676 —876.461 106.4 —770.061
309 —-1971.56 235.8 —1735.76 —2007.21 236.4 —1770.81
561 —-3792.09 444.1 —-3347.99 —3842.39 444.2 —-3398.19
923 —6488.21 749.2 -5739.01 —6552.72 748.1 —5804.62
1415 -10232.1 1170 —9062.10 —10308.8 1166 —9142.80
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Abstract: We performed O* ion implantation in silicon substrates at considerably high
substrate temperatures (up to 1000°C) to synthesize a silicon-on-insulator (SOI) structure,
and investigated the effect of the high-temperature implantation. We expect that such high-
temperature implantation can effectively avoid radiation damage induced in the SOI layer,
and simultaneously stabilize the SOI and buried oxide (BOX) layer. Such high-temperature
implantation could make it possible to reduce the temperature in post-implantation anneal-
ing. In this study, O" ions at an energy of 180 keV were incident on Si(001) substrates at a flu-
ence of 1x10" ions/cm® while keeping the substrate temperatures at room temperature (RT),
500, 800 and 1000°C. Some of the samples were additionally postannealed at 1000°C under an
argon atmosphere in a quartz furnace. The topographic images were observed by an atomic
force microscope (AFM) and the elemental depth profiles and crystallinity were analyzed by
Rutherford backscattering spectroscopy (RBS). The AFM analysis showed that the surface
roughness of the samples implanted at 500°C or below were significantly smaller with a mean
roughness of less than 1 nm, and substantially increased for the 800°C-implanted sample. On
the other hand, many dents were observed in the 1000°C-implanted sample. The RBS analy-
sis revealed that stoichiometric BOX layers were formed by oxygen implantation at RT, 500
and 800°C. However, the implanted oxygen atoms were desorbed during the implantation at
1000°C. It was confirmed that the crystallinity of the SOI layer was improved by postanneal-
ing at 1000°C; however, the oxygen atoms were found to significantly diffuse in the superficial
Si layer.

Keywords: silicon-on-insulator (SOI), separation by implanted oxygen (SIMOX), hot-implan-
tation, Rutherford backscattering spectroscopy (RBS), atomic force microscope (AFM)

Introduction
Silicon-on-insulator (SOI) technology makes it pos-

sible to reduce stray capacity and leak-current
between transistors and a substrate due to electri-
cal isolation by a buried insulating layer of SiOs,
compared to ordinary Si-based transistors “?. The
SOI structure therefore should be applied to energy-
saving and high-performance electronic devices.
There are typically two kinds of method to fabricate
the SOI structure: one is wafer-bonding followed by

wafer-thinning processes, and the other is oxygen
implantation in silicon method called “SIMOX”
(Separation by IMplanted OXygen) *.

Today, SOI wafers are commercially provided by
the wafer bonding method; however bonding and
thinning processes are more complicated and re-
quires high costs, especially for making an ultrathin
SOI substrate. Furthermore, low-dimensionally
integrated SOI patterns on silicon wafers cannot be

©Research Institute for Integrated Science, Kanagawa University
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realized by the wafer bonding process.

In the 1970s, Izumi et a/. succeeded in synthesizing
SOI structure by a high-fluence oxygen implanta-
tion in silicon substrates followed by extremely high
temperatures annealing (>1300°C ) for a long time
(SIMOX method) ¥. In principle, the SIMOX process
was thought to be simpler than the wafer bonding
method in terms of the number of processes, though
extremely high-temperature and longtime anneal-
Ing were necessary to recover the damages induced
by high-dose ion irradiation and stabilize the box
layer.

In the present study, oxygen ion implantation in
silicon substrate at considerably high temperatures
was performed for the purpose of avoiding the ir-
radiation damages and simultaneously stabilizing
the buried oxide (BOX) and the SOI layers. We also
confirmed the possibility to reduce postannealing
temperature by preparing the samples using the
hot-implantation.

Materials and Methods
The implantation was performed by the 200 kV

medium-current ion-implanter at Kanagawa Uni-
versity. The implanter is capable of irradiating most
of elemental species into solids at wide temperature
range from -196°C to 1000°C . The temperature is
monitored by thermocouples attached to a sample
holder. In this study, O" ions accelerated at 180
keV were incident on Si(001) substrates at various
substrate temperatures of room temperature (RT),
500, 800 and 1000°C . The implantation at RT here
means that the implantation was performed without
power supply from a heater. In general, the sample
was subsidiarily heated by energy deposition from
ion beam. In the present condition of the RT implan-
tation, the sample was found to be actually heated
more than 300°C .

We simulated oxygen ion profile in advance by the
TRIM code based on a binary collision Monte Carlo
method; as a result, the projected range of oxygen
ion at the energy of 180 keV in silicon was esti-
mated to be about 450 nm”. The fluence of oxygen
ion, which was determined by integrating the beam
current, was 1X10' ions/cm? The atomic concentra-
tion at the maximum of the profile was estimated to
be ~4.5 X 10** atoms/cm?, whose value corresponds
to the atomic density of oxygen in a stoichiometric

Si0;z. The thickness of the BOX layer will be about
200 nm.

Some of the samples were postannealed at 1000°C
in argon ambient to stabilize the structure. The de-
tails of the sample preparation are summarized in
Table 1.

The prepared samples were analyzed by atomic
force microscope (AFM), and Rutherford backscat-
tering (RBS). Here, the AFM analysis provides the
information on the surface morphology and the RBS
measurement does the elemental depth profiles and
the crystallinity.

Table 1. Implantation condition

Projectile o*

Energy 180 keV

Substrate temp. RT, 500, 800, 1000°C
Fluence 1.0 X 10'® Gons/cm?)
Postannealing No /1000°C

In the RBS measurement, we used 1988-keV Li**
ions as the primary beam and scattered Li particles
were detected by two silicon-surface-barrier detec-
tors located at 160 and 100° in terms of the scatter-
ing angles. The projectiles were incident on the sam-
ples with respect to the surface normal. In order to
extract quantitative information on the depth profile
of elements, it is essential to best-fit the simulated
spectrum to the experimentally observed one by
varying the fitting parameters reflecting the sample
structures of elemental composition and layer thick-
ness. Details of the simulation methods can be found

in some previous reports “.

Results
Fig.1 shows topographic images obtained by AFM

observation for the oxygen-implanted samples with
the ion-fluence of 1 X 10" ions/cm? at RT (¥*300°C),
500, 800 and 1000°C. The surfaces prepared at
500°C or below were found to be significantly flat
with mean roughness of less than 1 nm. The surface
roughness was slightly increased to about 7 nm
by the higher temperature implantation at 800°C.
Furthermore, a lot of dents were observed for the
1000°C-implanted sample and the depth of them
were typically a few hundred nanometers, roughly
corresponding to the depth of implanted oxygen.
Next, we show RBS spectra measured for the



Y. Hoshino et al. :

(=] base

Synthesis of Thin Box in Si by O" Implantation 11

1‘(’(?)3’\::3?7 78 J%k“

't\.a’
rx

Fig. 1. Topographic images by AFM for the samples implanted at (a) RT, (b) 500, (c) 800 and (d) 1000°C .

oxygen-implanted samples at random (black)
and [001]-aligned (red) geometry prepared at
RT(*300°C), 500, and 800°C implantation in Fig. 2.
For reference, RBS spectra for a bare Si sample
denoted by green (random) and blue (aligned) dots
are shown in the figure. The figures of (a), (b) and (c)
correspond to the as-implanted samples and that of
(d), (e) and (f) are the postannealed ones. In the ran-
dom condition, the projectiles were incident on the
samples with a slightly tilted angle of a few degrees
from the surface normal. Yellow curves show the
best-fitted spectrum by using the RBS simulation
code.

The assumed elemental compositions to get the
best-fit spectra are shown in Fig. 3. It is clearly ob-
served in the as-implanted samples shown in Fig.
3(a), (b) and (c) that a buried SiO. layer with thick-
ness of ~ 300 nm was formed underneath the Si
layer with thickness of ~300 nm. The surface oxide
layer with ~50 nm thick could be grown in postan-
nealing by residual oxygen-derived compounds in
the furnace. According to the results, the elemental
compositions of the BOX layer are almost stoichio-
metric. On the other hand, the superficial Si layer
in the RT sample contained some oxygen atoms of
~15 atoms%, and the fraction was increased to ~20
atoms% with elevating temperature to 500°C. Im-
plantation performed at 800°C significantly diffused
oxygen atoms into the SOI layer. Besides, we ob-
served elemental transition layers at the interfaces
of SOI/BOX and BOX/substrate, indicating that the
interfaces were not abrupt so much. The thickness
of the transition layer at the SOI/BOX interface was
estimated to be about 100 nm. On the other hand,
no Si0: layer was detected in the 1000°C-implanted

sample (not shown here). It is indicated that the
Si0; layer disappeared during oxygen implantation.

After annealing at 1000°C in Ar atmosphere, the
oxygen atoms were significantly diffused in the su-
perficial Si layer as shown in Fig.3(d), (e) and (f).
The fraction of oxygen in the Si layer was monotoni-
cally increased with approaching the interface. The
thickness of the transition layer was not changed
clearly by postannealing.

Finally, we show the result on the crystallinity of
the SOI layer for the as-implanted and the postan-
nealed samples. In the RBS analysis, the ratio of
the aligned spectrum to the random one reflects the
quality of the single crystallinity. Fig. 4 shows the
align/random ratio in the SOI layer formed by (a)
RT, (b) 500 and (c) 800°C implantation. The black
and red lines show the as-implanted and the post-
annealed samples, respectively. It is found that the
single crystallinity was completely lost in the whole
SOI layer for the as-implanted sample prepared at
RT and the crystallinity around the interface was
not recovered after high-temperature annealing at
1000°C . On the other hand, the high-temperature
implantation resulted in keeping the crystallinity in
the SOI layer even for the considerably high-fluence
of 1 X 10" ions/cm® As clearly shown in Fig. 4, the
recrystallization took place from the surface to deep-
er layers by postannealing. The final crystallinity of
the postannealed samples of the 500 and 800°C -im-
plantation seems to be equivalent.

Discussion
As can be shown in Fig. 1, high-temperature implan-

tation at 1000°C created a lot of dents and resulted
in increasing the surface roughness. It is widely
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Fig. 2. RBS spectra observed for O"-implanted samples Fig. 3. Elemental depth profiles for O*-implanted
at RT, 500 and 800°C . (a), (b) and (c) are as-implanted samples at RT, 500 and 800°C . (a), (b) and (c) are as-im-
and (d), (e) and (f) are postannealed samples. planted and (d), (e) and (f) are postannealed samples.
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Fig. 4. Align/random ratio in the SOI layer formed at
(a) RT, (b) 500 and (c) 800°C implantation.

known that desorption of thermally grown SiO: lay-
er 1s strongly activated above the temperatures more
than 800°C under low-pressure condition, and SiO
molecules are responsible for this desorption phe-
nomenon. The fact is generally used in the surface
cleaning process of silicon. A lot of dents observed on
the surface prepared by 1000°C -annealing could be
responsible for the thermal desorption of oxygen ac-
companied with a Si atom. It is consistent with the
result of the RBS analysis that most of implanted
oxygen atoms disappeared from the sample. From

the viewpoint of the surface roughness, therefore,
the oxygen implantation should be performed at the
substrate temperatures less than 800°C .

Next, we discuss the result of RBS analysis. In
order to synthesize high-quality SOI/BOX layer by
the SIMOX process, the formation of an abrupt BOX
layer by effective oxygen precipitation and the re-
crystallization of a defective Si layer are inevitably
required. According to the result of the RBS analy-
sis, the low temperature implantation at RT (*300°C)
followed by 1000°C annealing was found to be insuf-
ficient to synthesize single crystalline SOI layer. It is
indicated that hot implantation is effective to keep
single crystalline domains in the Si layer against the
high fluence. In the case of the implantation above
500°C , some of single crystalline domains were kept
in the SOI layer, and the crystallinity was improved
by the subsequent annealing. The reason why the
recrystallization took place near the surface region
could be explained that the crystalline structure
remaining near the surface was attributed to be the
nucleation center of recrystallization.

In the present study, the ion-beam-induced damag-
es are found to be slightly suppressed by high-tem-
peratures implantation, though the crystallinity was
not perfectly recovered even if the implantation was
performed at high temperature of 800°C followed by
high-temperature annealing. It is suggested that
higher temperature annealing should be needed to
recover and stabilize the structure.
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Abstract: We experimentally studied the effects of the C atom on bandgap £¢ modulation in
two-dimensional (2D) silicon carbon alloys, Si1.vCy, fabricated by hot C* ion implantation into
the (100) SOI substrate with a wide range of Y (4 X 10°< Y < 0.13), in comparison with the
characteristics of 3D silicon carbide (SiC). X-ray photoelectron spectroscopy (XPS) and UV-
Raman analysis confirmed the Si-C, C-C, and Si-Si bonds in the 2D-Si:.vCy layer. The pho-
toluminescence (PL) method showed that the £¢ and PL intensity 7z, of 2D-Si;.yCy markedly
increased with increasing Y for high ¥ (>0.005), and, thus, we demonstrated a high £¢ of 2.5
eV and a visible wavelength /7 less than 500 nm. Even for low Y (<10?), 7z of 2D-Si1.vCy also
increased with increasing Y, owing to the compressive strain of the 2D-Si,.vyCy layer caused by
the C atoms, but the ¥ dependence of £¢ is very small. £ of 2D-Si1.yCy can be controlled by
changing Y. Thus, the 2D-Si1.yCy technique is very promising for new £ engineering of future
high-performance CMOS and Si photonics.

Keywords: 2D-Si, carbon, Si-based semiconductor, quantum confinement effects, raman spec-
troscopy, band structure modulation, photoluminescence, CMOS, SOI, Si-photonics
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Abstract: SDBS is a spectral database for organic compounds developed and maintained at
AIST. It provides not only spectral data but also chemical shift assignments obtained from anal-
ysis for both 1TH NMR and 13C NMR spectra. However, the database shows only spectra and
the evaluated assignments without any evidences or proofs for them. So, there are no means to
convey the quality and reliability of them to its users.

Our approach to this issue employs assurance cases. An assurance case is a documented body of
evidence that provides a convincing and valid argument that a system has claimed properties.
It is used in the evaluation of safety as a means of communication among stakeholders.

As a case study, we apply the assurance case to the concrete problem in SDBS. We apply it to
the evaluation of the chemical shift assignments for 1H NMR in SDBS and construct assurance
cases that claim validity of the obtained assignments. A semi-formal version of the assurance
cases is also considered to enable machine-checking and manipulation, in the context of formal

assurance case.

Keywords: formal assurance case, 1lH NMR assignment, database, SDBS,
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Syntheses and Characterization of Open-Dawson Polyoxometalates
Containing Al** and Ga®** Ions

Satoshi Matsunaga® 2, Yusuke Inoue!, Hironori Osada!, Takuya Otaki!,
Kohei Mihara!, Noriko Chikaraishi Kasuga® ? and Kenji Nomiya' >3
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Abstract: Open-Dawson polyoxometalates (POMs) containing tetra-aluminum(III) and
tetra-gallium(III) clusters, i.e., Kio[{Als(n-OH)s}{a,a-SiaW1sOes}] * 28.5H20 (potassium salt of
Als-open) and Kio[{Gas(1-OH)e}(a,a-Si2W1s066)] * 26H20 (potassium salt of Gas-open), were
synthesized by the reactions of [A-a-SiWeO34]'" with AI(INOs)s* 9H20 or Ga(NOs)s*nH-0, and
characterized by X-ray crystallography, FTIR, elemental analysis, and TG/DTA. X-ray crystal-
lography revealed that the {Mu(u-OH)s}® (M = Al, Ga) clusters were accommodated in an open
pocket of the open- Dawson polyanion, [a,a-Si2W1sOes]'®, which was constituted by the fusion of
two trilacunary Keggin POMs via two W-O-W bonds. These two open-Dawson POMs showed
a clear difference in the bite angles depending on the size of ionic radii. The solution *Si and
%W NMR spectra in D20 showed only one signal and five signals, respectively. These spectra
were consistent with the molecular structures of Als- and Gas-open, suggesting that these poly-
oxoanions were obtained as single species and that they maintained their molecular structures
in solution.

Keywords: polyoxometalates, open-Dawson structural POM, aluminum, gallium
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UEAER LTS, il Rk, MEHE et % k35 (X1), % Y. open-Dawson %!
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Abstract: The correlative change of pigments with chromoplast morphogenesis in the fruit
pericarp of Trichosanthes cucumeroides Maxim. was examined by pigment spectrophotom-
etry and electron-microscopy. In young gourd fruits, dark and pale green stripes were running
alternately on the surface of fruit, and those colors changed gradually to red through yellow
during fruit ripening. As fruit ripening proceeded, chlorophyll contents in the dark green stripe
region increased in the early stage, and then decreased gradually toward the red-ripe stage.
In the pale green region, however, chlorophyll contents decreased successively during the fruit
ripening. On the other hand, carotenoids were newly synthesized. When both stripe regions
became yellow, major carotenoids were a-cryptoxanthin and lutein. Lycopene was detected as
a major carotenoid at the red-ripe stage of fruit ripening. Plastid metamorphosis to chromo-
plasts was observed with the pigment change in the pericarp. In greenish pericarps, plastids
had well developed grana and intergrana thylakoids, as found in the chloroplasts of green
leaves. As ripening proceeded, the internal thylakoid system was gradually destroyed, and
plastoglobuli increased in both number and size. At the red-ripe stage of fruit ripening, chro-
moplasts exclusively included plate-like crystalloids. The results suggest that the plate-like ca-
rotenoid crystalloids are formed by the aggregation of fibrous crystalloids during chromoplast
maturation.

Keywords: fruit ripening of 7richosanthes cucumeroides Maxim., fruit pericarp, chlorophyll,
carotenoid, chromoplast morphogenesis
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7 A ) (Trichosanthes cucumeroides Maxim.)
ORFEIF, HDKESIETDLIETORMIIE, R
RN AZAATE D IRk & IR DHERR D 5 1 |
= ST EDBDORBE S BT TN TEZ S
2, EERMICIEES () B2 CTRIZIZITIRA
T 5, REOMIIE S REOARESEN L FE
IR & OFEE, Rz, Y &IOS RAEIA~OF AERE
L DOBHIEE TR E B DT 572012, 5B
ETCORBEEORKICE T D27 nm 7 4 VREDE
wmEAIOTF A ROEMEToT, £lo, ZFNEN
D BEBE D 5 Bz M N 38 (R Ok & 2 FE 1 BN EE
THIZ LT,

PR L T5 Tk

RFDOB L R Dl

FZRIR IR OB 2 v LS A JEL O M B
REBL TV T AT UG, Holc KREkE
L7okkx oD RFELZHELE LT (Figl), TOKRE
ENDDORFEOMAEMEE, BICL- T, dER (5
—BeP) | FhktR B B | BBk B =BeR) .
Rk GEIUEBRE) O4BME Lz, FEEOLR
FITIE, BEE & ROEED D 72 DR IA D RERARER D
B, TNENEZREOH S RROTEMESZ LI
U7z, BTS2 23 b3 58 — B & CREGR T,
IRkt Xk (G green) . ¥Rk (YG; yellowish
green) , (0 (Y yellow) (2 kkamidkirt (PG
pale green). ##f (PY; pale yellow). . (OR;
orange) ~& T2k L7z (Fig.1), #HMUEFETHIK
I HERE OIRBRNIE D 55 IR (R; red)
2725 T e, ZNENOBEREZ B3 F 5 % FF
/N E LT LTz,

raua 74 Lo E ER

ruu 7 g ERITERD IaT ) A4 ROMmEIL,
Suzuki (1974) Y I k> T Sh, Fok, A
e 5 20 I X o TR SN2 FIEICHE - THT
b, RICIRRD ELUTOL > ThDH, KB
BEORF %, WMEERERZIC, B 90% 7t h &
Mz, S 51T, BERHEREEVELR LD 7= 8 O Bk 7 v
TN AEW AN THSA TR U, BV A
HEICE L, WAL om0 K W ~3000 ¢ C 10
il Le, BEFEBEILL, TREIXE 51290% 7
T hZ2MTRE L GO L, ZO8EL ZE
MO L, B L7-4 BiE (k) o2&z A R
7T AATCTEREL,

IR (JASCO-V630) 12k v, #E 400 —
700 nm (0.5 nm step) O #PH THIH K OWEFE &
HE LTz, OB ED 5 5, 663, 645, 630
nm O %% ¢ & 12 SCOR-UNESCO (1966) ™ |2
rFoiEER1gbhzVOrson T 4 LE (ug) %
L7,

haF /4 Fohh e etk
HBERE D B/ B U723k A Aoki & (2011) P
ERUFIETRE L, ~F T ARz 157,

43 FEFE (JASCO-V630) 12 X v & 250 —
700 nm O T 0.5 nm = & (SHIHTR OGRS 2
EL, BONTWAART NVEZfRITL, EL 50
= EICHESW T F ) A ROE Y 21778

-7,

TR G 1B 5

F B BE DO F R N & pHT.2 DY U BEFR R Ty
WL 6% 7 NE—LT LT FIEK CRIEE L.
TR L D UEEZIC 2% UER b4 A I 7 A (0sO4)
KR CHEE LT, BEREZ 7' b RYICTH
K L. Quetol 812 I EI L TINRES S,
7 ~Z 71 b—2A (Reichert Ultracut-N) T
U AER L, BEfED 72 & o U REhC Y
L, B E M (JEOL JEM2000EX) T
BTz,

Wik

IO S R DR
BRABEZ R T REICEEND 7 uu T 4 VEE
WE LTz, Fig2lIZDOfEEZ R LTS, RO
BRkaE Th ooy TiE, B0/ ne 7 4
VT 132.9 pglg fresh wt. TH Y | 3 _EHRETOL
BEAN L TN 2SR = B CURI L, 57 DU B
DRAFEZ TIZE 6T LT (Fig2A), —
. B OWR ORI y07 an T 4 VE
1% 101.6 pgl/g fresh wt. TRk LV 7R
BT Z O DR EAIC R D E 7 a a7 ¢ VR
SOOI L, ZOMEAIEE =, FHIUBERE~ LW
7= (Fig.2B),

Fig.3 13, ASEBORZIZEEN TN DL RT
A ROWNART Fv (A :890-530 nm) A7 L
TW5, PHEHE 7 BN D RED AT M LRH
— %, MR 3BT A ENTE, ENLHIL,
B 1ROREE (G, PG, YG) . H2 R (PY,
Y). H3ROKRER (O,R) Thot, kBARE
DAY MVIKIZIER U8F — 2 B L, #kktn
(PG) R TIE, YarX—%2EHl AT MUY



fll: T ATV REOHIIME D OREEAORIBREIZNR 47

Fig.1. Fruits of Trichosanthes cucumeroides Maxim., called in Japanese “karasu-uri” (karasu menas a bird crow, uri is a
kind of gourd), in various stages of ripening. Note two stripes with dark and pale green colors, running in parallel longi-
tudinally on the fruit surface in young fruits. Color abbrebiations : G (dark green); PG (pale green); YG (yellowish green);
PY (pale yellow); Y (Yellow); O (orange); R (red). Colors of leaves also change from green to greenish yellow, and finally to
brownish yellow during their senescence, although it is not shown in this photograph. Scale bar, 5 cm.
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Fig.2. Changes of chlorophyll concentrations in the
dark green stripe region (A) and pale green stripe
region (B) of pericarps during fruit ripening.
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Fig.3. Visible absorption spectra of the pigments extracted from
pericarps of respective fruit ripening-stages. Fruit pericarp col-
ors: PG (pale green); G (dark green); YG (yellowish green); PY

(pale yellow); Y (yellow); O (orange); R (red).
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Fig.4. Fine structures of a chloroplast found in adult green
leaf of Japanese “karasu-uri”. Scale bar, 1 pm.
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Fig. 5. Fine structures of plastids found in pericarp with various colors in fruits of Japanese “karasu-uri”. A. Typical
chloroplast in the dark green stripe on the pericarp of greenish fruits. B. Chloroplast found in the pericarp, of which dark
green stripe has been changed to yellowish green in color. Note grana degradation and increase of plastglobuli in numer. C
and D. Chromoplasts found in the 2nd and 4th cell layers under the epidermis of pericarp, of which dark green stripe has
been changed to yellow in color. Note grana disappearance and remarkable increase of plastoglobuli in number and size. E.
Enlarged view of D, showing plastoglobuli characterizing the Y(yellow)-type chromoplasts. Scale bars, 1 um (A-D) and 0.2
pm (E).
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Fig. 6. Fine structures of plastids found in pericarp with various colors in Japanese “karasu-uri” fruits. A. Young chloro-
plast in the pale green stripe on the pericarp of greenish fruits. B. Young chromoplast found in the pericarp, of which pale
green stripe has been changed to yellow in color. Note grana disappearance and increase of plastglobuli in numer and size.
C and D. Typical chromoplasts found in the 2nd and 4th cell layers under the epidermis of pericarp, of which pale green
stripe has been changed to orange in color. Note grana disappearance and remarkable increase of plastoglobuli in number
and size. E. Enlarged view of D, showing plastoglobuli characterizing the Y(yellow)-type chromoplasts. Scale bars, 1 um

(A-D) and 0.2 um (E).

TW5, RHIRED KRG OE TR LN D BHERE
X BT AR A TR ONDEERMK L D &
EEN3—4um /NS, T T T OWKT 7 24
ROER D BEE T, Z20H b7 BRI
BRI ARIEEDIRBETH - 7= (Fig.6A), 7> 7 L HL
MEFENTND Z EDLHARTE DIERA & HIE
Lo2M0, VI FTNRRBETHD Z ENDHEDIENE
b EVEWEITEDRR)NoT2, A FrYRIZIE
ELFE 20 — 50 nm DIFA A I 7 APEFERI SN2 1) £
SBESNT, BEAEHEOmSITRICHEEE (PG)
27250, F ZICE ENDARKITRFADOREO R
FEIREREEITIRIIERETH o =0, BIRIF L >
R BAEMARICE(L L TR Y, ABESRTIE, 7
FHIERLNT, WAL LIZHE—F T a4 ROLN
PHET, T URIIR bR o7z (Fig.6B), —
F. A AI T LAMERITIE L EDORE S EHE
HLTEBY, AREBNgakoobs L%
RLTWZ, IROBEABRETIE, 2 DR 7130R
A Mb > TR (Y) 12725, ZOBEBETRLN
LAFRITER— 6 um OFFHMAR T, NIERICIE

T FNEe, WETDHH—~FT T a4 ROAENL
> Tz (Figs.6C, D), 4FA4 A I U AVERERI X EEE
IZZDOHEB L, A a~WNIZEEL, BT TEs
LCW e, fllx ORI A bR L TERY, KX
RLOTIFEZAB L Z 200 nm O b D HERD Sz
(Fig.6E),
BENEART D L, REITEEDREOL IR0, H
ROFAEERITFE EHRICE el D, FigTlx, 2o
BOREIZA OGN BFE EKERLTEY, Zhb
T _RCHAEKRTH -T2, TNHDOKRE S TR
DAECELIZER L THolz, —F. FORIRTIE,
BRAZHEELTWD H0 (Fig7A) b A SN0,
ZL ObOIFERBEMINMNBEZE LD, FEREZL
T2 (Figs.7B, C), BlFMAe—E%ERE, 772
A FiZFaERONT, WBCRITFEEICAHE L Tz,
A A I T SRR O R & SILRTEPE DGR
FaEBAL L TWRDN o 2708, BT LTz, H
W2, B E b s Ak (Fig7C) Tid4r4
AR AERERIIIFE E RO N2 o7, ZHUTHK L,
A hmr~WiciE, YR %BE L OTMWEiED X 91



50 Science Journal of Kanagawa University Vol. 27, 2016

Fig. 7. Fine structures of plastids found in red-ripe fruit pericarp of Japanese “karasu-uri” . A-C. Typical chromoplasts
found respectively in the 2nd, 3rd and 4th cell layers under the epidermis of pericarp, containing numerous plastoglobuli
and fibrous or plate-like structures which are seemed to be carotenoid crystalloids. D. Enlarged view of a mature chromo-
plast in C, showing fibrous structures and plate-like structures. Scale bars, 1 um (A-C) and 0.5 pm (D).
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Characteristics of Phytoplankton Communities
in the Estuary of the Sagami River Estimated with PHYTO-PAM.
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Abstract: Phytoplankton communities were collected from the estuary of the Sagami River
in winter 2016, and their species compositions and photosynthetic characteristics were de-
termined. Microscopic observation showed the predominance of diatom species of Detonula
pumila, Fucampia zodiacus, and Chaetoceros spp. in the communities. In addition to diatom
species, a predominance of green algal species, whose cell sizes were too small the microscopic
observation, were estimated with PHYTO-PAM. The amounts of diatoms and green algae were
84 and 23% of the total chlorophyll biomass at most, respectively. PHYTO-PAM also showed
the photosynthetic characteristics of each taxonomic group of algae. Estimated electron trans-
portares of diatom species in the communities did not become saturated even at 500pumol pho-
tons m™ s™. All of the communities collected from different places and different depths in this
study showed similar species compositions and photosynthetic characteristics. These results
suggest rapid vertical mixing in winter in this area.

Keywords: biomass, PHYTO-PAM, phytoplankton, sgami river, vertical mixing
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Molluscan Fauna in Sagami Bay Off Hiratsuka:
Results of the Investigation by Dredging in 2014 and 2015
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Abstract: Mollusca and bottom sediments were simultaneously collected by dredging Sa-
gami Bay off Hiratsuka on 8 September 2014, and 8 September 2015. The collected specimens
were 390 individuals composed of 38 species: 17 gastropods, 2 scaphopods, 18 bivalves, and 1
cephalopod. Ten species which are reproductive species in this locality, were collected. Further-
more, another 10 species : Sinum undulatum, Cryptonatica andoi, Fulima bifascialis, Niotha
variegata, Cancellaria spengleriana, Gemmula kieneri, Scapharca satowi, Mactra nipponica,
Cardiomya gouldiana, and Cardiomya sagamiana, were collected for the first time in this in-
vestigation. Almost all collected species were warm-water species, but 1 species, Modiolus fla-
vidus, was a tropical species. Around depths of 10 m, the bottom sediment was coarse- to fine-
grained sand containing 1.4-5.5% mud. The substrate around 10 to 30 m deep was fine- to very
fine-grained sand containing 5.2-17.4% mud, and that around 40 m deep was the same as the
former but the mud comprised 15.4-26.2%.

Keywords: molluscan fauna, bottom sediment, dredge, hiratsuka, sagami bay
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Fig. 1. Sampling localities. Arrows show the positions
and directions of dredging. The white arrows indicate the
investigation on September 2014, and the black arrows
indicate that on September 2015.

Table 1. Depths and positions where a dredge was
dropped or lifted

sampling date  station position depth (m)

September, 2014 _st.1  35°18'07"N, 139°22'11"E—35°18'01"N, 139°21'53"E 42—42

st.2  35°18'10"N, 139°22'12"E—35°18'08"N, 139°21'50"E 31—28

st.3  35°18'15"N, 139°22'09"E—35°18'15"N, 139°21'36"E 20—20

st4  35°18723"N, 139°22'12"E—35°1829"N, 139°21'45"E 12—11

st.5  35°18'35"N, 139°22'09"E—35°18'43"N, 139°21'24"E 6—6

st.6 35°18'47"N, 139°21'46"E—35°18'47"N, 139°21'24"E 3—3

September, 2015 _st.1  35°18'07"N, 139°22'13"E—35°18'00"N, 139°21'46"E 44—45

st.2  35°18'07"N, 139°22'12"E—35°18'01"N, 139°21'42"E 40—42

st.3  35°18'11"N, 139°22'09"E—35°18'07"N, 139°21'44"E 30—=31

st.4  35°18'10"N, 139°22'13"E—35°18'07"N, 139°21'45"E 3131

st.5  35°18'15"N, 139°22'14"E—35°18'14"N, 139°21'51"E 21—20

st.6 35°18'15"N, 139°22'12"E—35°18'14"N, 139°21'50"E 21—21

st.7  35°18729"N, 139°22'08"E—35°18'30"N, 139°21'47"E 1—11

st.8  35°18'29"N, 139°22'10"E—35°18'30"N, 139°21'47"E 10—11

st.9  35°18'44"N, 139°21'48"E—35°18'44"N, 139°21'21"E 5—6
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Table 2. List of the species collected in the investigation on September 2014, and September 2015

September, 2014

September, 2015

class scientific name J name

total

- st.] st2 st3 std4  st5  st6  st7 st.] st2 st3  std4  st5S  st.6  st.7  st8  st.9
Gastropoda Calliostoma aculeatum Mz 1 1
Umbonium giganteum Ho_ x4y 24 171 15 217
Glossaulax didyma Y AZHA 1 1 6 12 2 30
Sinum_undulatum Y HA 1 1
Natica buriasensis NAIAL~ 1 1 1 4 1 8
Cryptonatica andoi T A~ HA 1 1
Eulima bifascialis N Ay 2 2
Niotha variegata TILHA 1 1
Zeuxis castus NFhvn 1 1 2
Fusinus perplexus FH= 1 2 1 4
Olivella japonica RENHA 1 1
Olivella fulgulata LVARE IV 2 2
Cancellaria spengleriana aaEHA 1 1
Gemmula kieneri TaXh s Evx 1 1
Lophiotoma leucotropis XA 1 1 1 3
Brevimyurella japonica EXRZH 1 1 5
Philine vitrea JAX kU X 5 3 8
Scaphopoda Episiphon subrectum vy ) A 1 1
Laevidentalium_coruscum T rE/ YV IIA 3 3 6
Bivalvia Petrasma pusilla ¥FXH LA 2 5 7
Nucula paulula T AINIHA 2 2
Scapharca satowi YR HA 1 1
Glycymeris imperialis SEvXHA 6 1 1 9 3 20
Modiolus flavidus YHFFrI~vs 7 2 2 4
Mactra chinensis P A 1 3 4
Mactra nipponica FANBHA 1 1
Mactra crossei E AT A 2 2 1 6 19
Raetellops pulchellus F3 ) NFHA 1 1 2
Nitidotellina minuta IAFI T 2 2
Placamen tiara NFHA 1 4 4 1 10
Callista chinensis ~YY~vUAL 1 2 1 1 5
Maretrix lamarckii FavkrnwsY 5 5
Solidicorbula erythrodon I F =4 1 1 1 1 2 1 8
Pandorella pseudobilirata JARY HA 1 1
Laternula anatina *xFHA 1 1
Cardiomya gouldiana LAY TV 1 1
Cardiomya sagamiana YHILATY I 1 1
Cephalopoda Sepiola_cf. birostrata ot a4 1

Table 3. Distributions of the species collected in this
investigation

number of
species
Hokkaido to Kyushu 1
southern Hokkaido and southward
southern Hokkaido to Kyushu
Honshu to Okinawa
Honshu to Kyushu
Tohoku and southward
Tohoku to Kii Peninsula
Kashima sea and southward
Kashima sea to Kyushu
Boso Peninsula and southward
Boso Peninsula to Kyushu
Boso Peninsula to Okinawa
Sagami Bay and southward
Kii Peninsula and southward
total species

distribution areas
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Fig. 2. Grain size distribution and depth on each locality. Grain size was shown in phi scale.
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Visualization of Ciliary Compartments by Observing Cilia-Associated
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Abstract: Cilia and flagella are microtubule-based organelles protruding from cell surfaces.
Cilia consist of three compartments: a ciliary base, transition zone, and axoneme. At the cili-
ary base, the basal body consists of nine triplet microtubules arranged into a structure show-
ing nine-fold symmetry. In the transition zone, transition fibers sort proteins localized in cilia.
In the axoneme, nine doublet microtubules extending from the basal body are observed. In
Caenorhabditis elegans, cilia are associated with amphid and phasmid sensory neurons. The
sensory cilium of C. elegans also consists of those three compartments. Furthermore, in C.
elegans, nine doublet and singlet microtubules are observed in middle and distal segments,
respectively. In each compartment and segment, distinct sets of ciliary proteins are localized.
ARL-13 is a ciliary small GTPase localized in the middle segment. MKSR-1 forms the MKS
module that contributes to transition zone formation and function. XBX-1 is an intermediate
dynein light chain that is distributed throughout cilia. In the present study, ciliary compart-
ments were visualized by expressing these proteins fused with the red fluorescent protein
mCherry in C. elegans. These fusion proteins were observed in cilia of phasmid neurons.
ARL-13::mCherry protein was localized in the middle segments. MKSR-1::mCherry was pref-
erentially localized at transition zones and also detected at dendrites. XBX-1::mCherry was
localized throughout cilia and dendrites. We confirmed that those ciliary proteins fused with
fluorescent proteins are useful to identify ciliary compartments.

Keywords: cilia, Caenorhabditis elegans
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Abstract: In the klebsormidiophyceae alga Klebsormidium flaccidum, massive oil body
formation was detected by light microscopy and Nile Red fluorostaining after a two month

or longer culture on agar plates containing inorganic ingredients and vitamins. While the oil

bodies occupied most of the cytoplasm, chloroplasts heavily reduced their volume. However,

electron microscopic observations revealed that the pyrenoids and thylakoid membranes were
maintained. The marked numbers of oil bodies within the cells were tinged yellowish green in
colour. Centrifugation (280,000 xg) of lysates of cells accumulating oil bodies resulted in an oil
body-rich fraction at the top of the suspension. With containing virtually no thylakoid mem-
branes, this fraction was coloured yellowish green. These observations suggest that the oil
bodies, if not all, contain chlorophylls or its derivatives; nevertheless, the reduced chloroplasts
still remained in the cells. This suggests that oil body production in K. flaccidum may concomi-
tantly occur with the gradual reduction of chloroplasts.

Keywords: oil body, chloroplast, Nile Red, chlorophyll, electron microscopy
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An Efficient Method of NGS Analysis for
Echinoid Mitochondrial Genome
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Abstract: Eight echinoid species were used for PCR-based NGS analysis in this study.
Newly designed primers amplified the mitochondrial genome as a series of three mutually

overlapping PCR fragments. The obtained PCR fragments of each species were mixed, frag-

mented, and subsequently barcorded. Several processed samples were mixed and sequenced

by one chip. Two draft and six complete mitochondrial sequences were acquired. The clarified

gene orders and orientations were consistent with those of the mitochondrial DNA sequences

already known in some echinoids. No translocations or inversions were detected. This fact sug-

gests that the mitochondrial DNA construction shows high stability among echinoids.

Keywords: sea urchin, mitochondria, NGS
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v =RAITRAEE BT A EMM Rt D —2 & LT
BLHEBIVTWD N, ARESCR e & DEYRERE
IZOWTIEWEERMAREIROZWEMTH 5.

FAHEENZ DV THMBHINTTEREIZEE DWW T T
NTEY, DTRFEHEEIIRNT V=T 255 E L
TWRSE Y WETH D, U=l O SRR E K
DIZAA P NZBNTH TR BRI SN TN D53,
D OMRIIMEA U =HE B O REHEEE B
ELTWOTDIEMITNETH Y, 5 RitHEE
IO TNDEDHRTHD, ZHNETD
LA UEHEARICOIE AEFHDOET D01/
Bf &9 b DITERR S LT,

KPR =7 2 FDOEFERIZLY DD D
Phylogenomics 23Zh 8l L->2>&H 0 | 5%, KHEE
7 BIEATIC RS S RFHEE M T O 2 FE Tl £
1T T & T2 RFE IR IR » 72 R HEE DS BRI b L
TW EFHlEND, L, BRIy, RfBEE
DRFFEDE A TIEIRWVERIZ BN TIE, BUIRTKRH
12 Phylogenomics % JEBH3 2 Fi3#E L, =2 T

AWFFETIEZI b2 RU 7 DNAWCEH L, 2 b
=2 KU 7 DNA 124549 15000 bp O E{k DNA C
& BUR CTH AT Al RE 72 B T B, ML LT
& % 72350 5 4 1% O Phylogenomics R IZ B0
THBURATREZ2ifAT 2 R A EST — 2 RS d
FiI7e <, T X OME B ER LA IET HH
MNTEHEEZOLND, T har RUT7 DNAOE
FEIZEkOXF Yy ET Y o—7 2% Tho THE+
OFEIICE LT —7 = AT D H TR
ARETR YA X THDHHENDL —HOEY TIIER Ofif
IS tEA TS, LovL, Bix 2O 217 5 %
AICEHESWCEY — I 2 AT T4~ DOFRG &
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WhpbN\—a— ORI 2 X MF T %¥
LENTE D, AFFEOIHWVEI =22 KU 7 DNA
DOEFEF A RD, SIS e8I A ED T Y =54
D FTAIRHT 24T 5 \THeE» T, Z DT OFHY &
BEET LRI D,

OB Tk
Hni-o = 8RR, BEREMIIRO®E Y, ERHE
ND 2FiAE AW - Y~ a4 U = Echinometra
tsumajiro (T - 77 X THA B TERE, #) ;
7 1 v = Stomopneustes variolaris (##f « W E T
A TERE, B, NEREND 6 A v
=7~ A7 = Fibularia japonica (=i > & h
TRULyVEEE, =P T I) s WA I NT R
> Scaphechinus mirabilis CFEMHT KL v UELE,
R O LK) ; Nacospatangus alta (FA5)1| - &
BTHA U TR, BRI ; Spatangus luetkeni
(ZH¥EMT LYy UERE, %) ; Eurypatagus
ovalis (5 I /K & 5 X 0,
murrayi CSPKIEEE L D . #]),

i ) ; Linopneustes

DNA #iliih

DNA K 1 Z & (SIGMA GenElute Mammalian
Genomic DNA Miniprep Kit) £72i7 =/ —/ « 7
7 a ARV AEIZ KD T = O © DNA
Liz, 7=/ —/b 7RV AECBNTEY =
KL% TNES-Urea /N v 7 7 —© Z il 8 BEREILL E
TR CHLER L 727, Proteinase K /i 2 T 55°C T
1R BB L2 b D& 7 = ) —)b - JarikL
N AT INT)Va—)L, zsaaiR)Lh-AIT
INT I T—LO BRI T TR, =X —
JVILER I X - TS DNA 2%7=, 55417 total
DNA [ZTE Ry 7 7 —|\ZRE L, BURSTRIE LT,

1 EHLET A< *

PCR 754~

Genbank IZIRH 5N TWE 4 fEO T =D I ko
> KU 7 DNA £ & fid 5] (NC001453, NC001572,
NC001770, NC009940, NC009941, NC013881,
NC020771, NC023255, NC023770, NC023771,
NC023772. NC023773, NC023774. NC024177)
BT TA AL, RO TOIRRWER OB
EICICHH T 74 ~Oi%eta1T1-72, AWi=774
~ %% 112, PCRIZ L - THLILDIIEY DOfERK %
112589,

PCR

PCR |I#—~ /%1 27 7 PCR Thermal Cycler Dice
Touch (TAKARA) & PCR ¥ % PrimeStar GXL
(TAKARA) #H\\TiTo72, 77 L— h DNA
JEIXFEIZ 25-10ng/ 10 L sk & L, 7=—VU v
JHREETX 55 — 60 °C & L7-, F72. KIGRIZ 5BM
YA VR BASIRIE 0.1 — 0.5M & 72 HERITIN 2
72o PCR FEMZ% 0.7% 7 v — A7 )L CERIKE
L CHRIDOHEED D3 DTNV D E R LTz,

¥ — 2 LV ARijLEE

PCR £ ¥ % AMPure XP (Agencourt) (2 L ¥
BELL, 3HEOWH %€/ TIRA L7-1%. Ion
Xpress Plus Fragment Library Kit 3 4 OF Barcode
Adapters (ThermoFisher Scientific) (= & v Wr A
fEB IO —a— FOfNaEiTo72, SFohicBrh
1% E-Gel(ThermoFisher Scientific) (Z X 0 ¥4 X&
Vo vartk T4 77 ) #iEEZITV, BioAnalyzer
(Agilent Technologies) (2 X Y #fifE LW+ XD
R E T o7, LAEOWMERIZ X0 55D
P INEEELTREL Y=V AL, &
— 27 =A% Ton PGM ((ThermoFisher Scientific))

LA J7 1) T4 gl
HSM_Flech 5'- AAGTTTAAAACTCAAAGGACTTGGCGG -3'
Fragment 1 HSM_F2 5'- CGTCAGATCAAGGTGCAGC -3'
R echR02 5'- GTAGATAGAAACTGACCTGGCTCTCG -3'

Fraement 2 F echF03 5'- CCTGTTTACCAAAAACATCGCTCC -3'

s R HSM_R4ech 5'- GCAGATAGGAATGCATGCGGCTTGAAAC -3'

‘ HSM_F4 5'- GGCTCATCAACACCCWT -3'

Fragment 3 HSM_F4ech 5'- GAACATTTAAATTATGGCTCATCAAC -3'

R HSM_Rlech

5'- GAGTGACGGGCGATGTGTACGCATTCCAG -3'

*I b= KU 7 DNA % 3 DO 20, FNEN Ok ORI 160-800 bp FREEEME T 5 L 9 ITRFHA2
SN TW5S. Fragmentl, 3IZOWTIEV=ICR->TRED FRITT A~ &M L.
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NGen ¥ 7 b 7 = 7 (DNASTAR) (Z X Y De novo
7 vty 7 /L Teontig #1572, I har RUT
DNA £2£ X v $, K\ contig NG H 72 H DIZOW
TIEMGOEE =R LTI b= R Y 7 DNA
SR &7, B\ contig DANELINLTZH DT
WTIE, FKeontigwa7 74 A2 FL, BHEHEKE
it L TR A L7, 13 B AL7 contig DELHI|T — 4
MmH, ZU=n3I har FY 7 DNA LIZHFEET D
Ry B a— KT H8In T ONE, FHinz R
Wiz, EAIDMREIZIL Genelous RO Y 7 b =T
(Biomatters) #fiifH L7z,

A
DNA Hhiili & PCR

B2 B L 72 DNA I3ERIKRE TH D . 55
FEFHCIREE % 3R D FILRA[HETH - 7228 PCR Ofk
RCMBEITA N2> Tz, WERRERY T L0
TG TOMPEERIE T PCR KIGIZRIED
ZRVMEE R LTV 2R, FSEHFToO PCR TlEl 7
N /RN R A= 0= VNN S i Sk
H U7 DNA O 52 B 7 a3 47k L7, PrimeStar
GXL ® 10 pL & FZ T 25 ~ 10 ng &, FEFICHE
7 v 7 L — bk DNA JEE T2 17 10X PCR EEW 03 5
BT, 10ng ##iz 5 LHIERNEFE LK T L
2. BETORTHEERY D4 F 8D PCR FEWHNES
Nize TT7A4 ~DEEMITDIERIZ L > TRz~ T
BV, 77 7HEIZEHE W TIZ HSM_Flech, HSM_
F4ech £ v & HSM_F2, HSM_F4 2MERN TV /=,

V=LV
ETHOY=TI har N7 DNARRZ I/N—F
B 720F D contig WHFHILTZDY, 314 F v 7 EHWT
200bp UV — K&47T o7 45D 9 H Stomopneustes
variolaris & Fibularia japonica @ 2 ¥ TiL 7N b
v UMEL . BEAA 5 THE TERVEEEZ S
ATWe, ZNH2FTHFENT 74 A MTEDY
I h =2 U7 DNA 2RO HAERIX ATRETS » 7273,
FREMEE X FIRAEET K7 7 MY LG 7
MoT-,  FHICRL 316 F v 7 % V7= 400 bp
V= RTIE4EETTEWIANL y URELIL, +
ST REEE COFREE N 72 STz,

wf v

DNA filitl} & GEHUEEAS D A

RO 51572 DNA TH->TH PCR/NS I b =
v KU 7 DNA OEfFE&ELFNTET, V=5

HSM_F4ech (F4)
HSM_R4ech

Fragment 3

Fragment 1

HSM_F1ech (F2)
HSM_R1ech

1. W=7 T4 ~OAEBR, Wi ok s v =8o
R harRUT7DNAWCZ— RENTWDLX U7 HiE R
FOEE. 350 PCR WA OWREGAEZR DA O RICH
K EITW5. HSM _Flech & HSM_F2, HSM_F4ech &
HSM_F4 XNz 5 2 & b IEME L E % I
LCW5., XX UE%Ea— KT 58I FORE, B8]
EREETOV=CHHOU = LRETH 7=,

OITTTEEO S W TH Y, = 25 DNA i
2T 9 FCEANFFOGEIRE 4487 0 F il o
TRIRNT N AIRE & 70 B, Atk FEMIENIC SRR
Mra1Tuy, DNA BHIDIE & T2 o T2 FERZ D L D A FE
HUEA & U TIRAET 2 E CRIEEOHERESCHE O
BICKHET D HENFAREE 72D TH A9,

=PI P2V FY7 DNAIZKITS PCR 51t
Wihd 5 long PCR ICEWTT 7 L— s DNA O
BEEMENZ VL RDERMONTWDN, 4F
KD7ZPCRWi I b= FU 7 DNA % 5000 —
7000 bp FEEIZDEILIZHOTHY, ZIUFEKRE
W FRETIEARVY, L LA b4 EFT-7- PCRIC
BWTT 7 L—  DNA O ESMEIT—R 7 2
k=12 KU 7 DNA 7250 PCRIZH A, 2372 V) s
DORBE CRUTNIER Lo Te, T 7 L—b
DNA O ECHEREN VD2 D EHIC L Y PCR
RSB L TV A NI RN, 7 =HEHITB W T
ML OES L0 HIREE, RS L L ATREMEA
b5,

e L i

Ion314 5 > 7T ® 200bp read L ¥ % Ion316 F
7N X % 400bp read D HF N T v B T IADFER N
BifCToholz, 316 F v 7L 314 F v 7D 10 i
DY —J T ARNEFFOZ LG, ZORRITY
RTED LN, AEMGONTE— 7 = X LT D
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FERIIAS %, HHY T NVORKEY— 7 = AT
T TINER Y — FROKRESMZ RO TN
CEBERE LD, KR — 7 = YT ER
M CHERRMEREZ NP CX D, FyET Vv
— 7 UYLV LRBETELIANDD &I T
%o RO BAVZEFIOREEEZ DV TITA & ORFD
WE T DN, AL THET- Nacospatangus alta O
BLAIE Y > T —IRIC K 0 R & 7= [AIFE O BEAELS
(NC023255) & 99.56 % DOAHfFMEZ R L=, &
TR DS B Ae 2 Fs DFHRIVETS T 2 A B OFRE & 1%
TERWVWHEDD, +H3RANL Yy VBRHFLNATND
(R0 IZB W T it Ion PGM T 72BIST — ¥ DX FE
DN 1% D BRI IR & < BT 2 F 1T 720 & HER
b,

v =R/iI b2 FVY 7 DNA Oz TRk
ASEHAWE SHENBEHNTZI Far KU 7 DNA
DOEHID & S T2 45 & o 87 B i s DORER X
M1o®wh Thsd, ZNETI b= KU 7 DNA
DTN AR TH - 720 /3 HITHOWT H
o =4 L TH -T2, BEHDO Y = 14 Fli & ik
L CHRECWNLIZ A DN 2NN S, T =FHD I h
2 KU 7 DNA OEMIZIAS B L WD EHRD
nas,

LSk

ABFFRICEY, v=¥DI =2 KU 7 DNA 2L
% BN ORI A BN ORI SRk STz, A1,
FORMIZHIE L= EBEZ LN TWDERZX Y ZFEHD
fi, AFH2FEDI = R 7 DNA 2RE %
fENT L., FloX /I EtRNA 2 a2 — K3 51815

T ORSIMER & it 5 F T h = KU 7 DNA
TSR E 1T bl L7 S B L, A<
U =R R 25 B T FETH S,

i

AHFFEIE 2015 A2 FEARZ3 1 R G B F F0 AT 26 A
WA % % TiTo 72, KLy VEETITERREK
R F BB SR A ST B I i SE RIS R I TE
Too FTCSPIKEERE O AR LM KIIT > T 2%
LW, ZEFICERE L ET,
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Remainder of a Division by a Small Constant for Large Integers
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Abstract: In recent computer system, large integers are represented in fixed base £. In the

case a large integer A is divided by a smaller integer ¢ than S, if remainder of 3! divided by c is

already known, the remainder of A can be calculated by using only multiplication and summa-

tion. In this paper, we show the details of the algorithem and the application for radix conver-

sion.

Keywords: remainder, large integer
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M, nPOBRRELAELTET rk v ELZBE, Gl

B ORI TE S

{} < in

HEORA

EFREEMELT, 9=
o =5% ¢ =10 DEE,

DBEEELS,
%ézmnﬁll% A= 118 [P

af’%
DG, =1 (mod b)) BOT, 1< m <
m—1 I-t_'ﬁ‘b T =1 (mod 5 Thd. LiH-T,

A DM R
R={ay_1+ -
THRTES.
e =10 OBEBREREC, 9 =6 (mod 10) RO T,
l<m=n—-1IKALTA" =6 {mod 10} Tha.
ADWT RIL,

+az+a, 4+ ag) mod 5
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E={6{a,_1 1 - 16y a}tap} mod L0
TRIETES
?m@mﬂtﬂf&w ORI AR E TS

Ay n] P 0< o< 3, | JJ:Z?:_UI i

1: d—1/c (mod )
2: h—10
3: for ¢ from 0 ta n—1 da
4: if b= a; then (r b} — (a, —h0)
Bt else [z, b}« {(Fta bl)
6: i, — dr mnod 3
7: b BEE
8- e B b
9: return Zg_l g3
1. BEEMRE T /LU X4 (algorithml).

e — TOWEGE S =4 (mod 7} 20T, 5
2.4 = 1,_.'d4 =44 = 2.3% = 1,48 = 4,5
2.3 =180 =4, (modT)E, 4 =2 510
HAZNEREDET. A0 -1 =3k+20D5H&
A D R,

R=1{ fagg+ - —as+as+ay)
+Hazpr + - Fas+ag+ )
+ 2Hagpp2 + ot as +a; +az) fmod 7
TilFETE 5.
e=11MREE, +, 35 —=-3—=1—-0-=105D20
WOTA 7N EROKT. BRERIRE =7 DHG
HETHS.

396 — 16 — 36 — b6 — T
0 5 DO A L, ¢ — 107 — 1000 OB
206 — 616 — 336 — - — ¥HG — 376 0 25 OV
A7, =100 = 10000 DIHER 7206 — 1616 —
336 — 1456 — - — OR66 — 0376 00 125 DDA
SN AEEYRT (MR ALY A ORRIE, H B8R
BOWTHA PIBBRESTIT, ¢ = 7TOHGEN
HUCHHRTE 3

o= 10% = 100 ¢ E

IEREEBA DI

MADICEAHTR = Amaod o B LTV EEE
T, A-RB e THDYNB T LMFRENS. HQ
3 (A - B)/c ORFERE (230N L8R T155
N4, chLEI2%ED, Toom-Cook (R ETHNS
NTVBEERE T A ID XL BRAMTES, <
HFIERM 1O algorithml (237

T B TRETHOEEFESITY T LU XL o0 Pl
AL § TORERBEICTH S LS

COYHELTIE,
/e {mod 3) KK

O A HBBRBREIT IR DI,
Iﬁ'%ﬁ"j K%‘Ojld—%‘]ﬁﬁ?b\

RRELODGTRMAIE R R E LSRR TET
HE.
MRS, Ao N ERAOREMRE, AD NI

IS gt 0 < e i, LS Y gdt, b
b1
for ¢ from » — 1 downto O do

£ Dt 4y

g, — e
bhe—{—qr
return ZE;_l g, b
2. WEEDBET LY X2 (algorithm?2).

=T ¥ 1 B S o B N B

LBEMLEmOERD, TORONICLLEHLEEDAER
B, - D EERAAN VIR ASETEOIRT. i
BTERLNLEEOE L, mdRgoHAEBLNIE
&, Z;"‘D' v NUIPEAE T N OEBOETH S,

Z U)%HIEUJ S B0 &S DOFIRIC ARG TTLE R
T EREZD, LA 0ERAOL(N — 10)

.J% 10 ojﬁll%%ﬂb WA TR RN D, T
TSL,, 3 =2 OmE, 1/ (mm N IREL LD
T, 20 QF RS, Q) ICH 5O (F BIRE B
Bgmricidmo k5 &-FIg s 7‘.-1;6

(1} R« Awmod10

(2) @ — 4/2

(3} Q — Q) = R/2)/5

FIF 1 0 RN KD (ag+ 630 11 a;) mod
10 TIFHNS. FIH2 ESEMER AICYLTET
MEaRZir> 22 THoMs. TIE 3 algorithml &

5.
FELEOEN, KW TEY, FoeE 10
LY BT AEEL-\. ol oz 1000 TEZIGELE Fo

FlEE EFIcROENS. THE1 0 R, Thik
(e X500, (HF A LS OFRNOENEIC o, (<4
bF, FALSOEHY 10000 OB kAL, FIF 2 i
4y POy7 MREME T2 TES. FIEH3

algorithml &> T 54 7%

Fegk I & O A
Java O Biglnteger #ICH T % 10EEMT 5 7 L%
1FRR L, EHim#g ez L 7.

Biglnteger (ZINFR7— 2 SR T 2 450 ‘E’DT_“ ¥
fB7— 2% hyte EJ’T ELTEOHL, int BRI ED
BELELORBIET—2 & LTHEH L. (..G_)T_’g



AR

FAEECEET, 3=22TH5.
L, 379 String & LTET.
7007 Z LI s ERIFE U . — D HIEmiEh TakTA
LAoAam L0 ET 10 THIS £ ) (Rem 10}, D[4
M) U AET 10000 TS £ 0 (Rew10000), %35
OB H T 70k A (142 O algorith? ) T
10000 TH 2 E D (310000} THD. b 3D,

T 10 B2

1. EBRIRE

HE INES
axEa—%7 Apple PowerBook
CFU 1.67GHz FowarFC G4
Zx 16231 b

as MacDSX10.5.8

Java SN2 1.5.0.50

Biglnteger (<35 242800 10 HEZR X v F (toString)
Dt 4 DOERTREA R U FEMICIR L 72k
MELUY 7R 7ERLIOIMNTES.

TS AORTERE R 2 IORT. bit §UIZ0M
4 % Biglnteger Yy MFELL, FOMICKAEL
TORTRERE () WrREnTn3

Java 4V Y FI 0 toString 01 J'HfFHIC-C?‘aLLT, A
O Reml0 i 4 By, Reml10000 1L 2/3 121
THDH., EARRNC 10 TS FHREFEHRN TR &80
A, RemlONoo (DWW TIE, REANOSHEL T E

DENEREEELD L, WwSiring Z LR/ E0D
MHRICIERTES

Fo, TEAOERR ﬁ?? Yo TR T H B SchlOosn
I3, toString £IFEA LN CE{THREITH 2. Rem10000
CIRIBRRE BISOFRE I INES OT, AR
LD DBRRE R 1L (algorithm2) & 9 it

EARENTL A,

Sel 10000 @Y algorithm? DERE (4 TR &R (517
H) o> 32 EO@EED, Rem 10000 OFFEIE & w5k
BTERED 32 ROFERICEZMA ShTh5, Lt
M-5T, [OFRE, COEBRRICBNT P RORE
B @ EEBEREIALTHFR#ECCEERLTVS

Fim 10 ELBEAMAE 0N TH S, bit £ 50000
FAZ SIS INETRL TS, A53HmTD
TG R EE T T A, F—4 rﬁTWh&

EITAZEOTEI,

E Rl
NEWERICHT T ZRTRTRIE, H5 ARG
FTEEPNERDE LT, BRREEEL LTI
ISR TE S,

T MFERTHEEHATHES 2T, BEEE
fuct o cEs L ERLI

SAG IO /N S IRERIC LD RIR O @S RIE 79
# 2. 10 EEHOFEITRR (mS)
bit B | toString Remi$ RemiGO0OC  Schi10000
3143 16 22 29 7
6366 30 33 27 17
12823 35 a7 37 36
26726 87 238 77 ¢l
51648 304 1202 233 330
1032190 1151 4566 913 1283
206549 4545 17637 3387 5074
413187 18494 70794 13330 20480
826496 84178 285440 53698 82264
1653165 366762 1176996 215808 333416
SCHR

1) RHEEE (2012) ZERBEEE O D O/NSREHD
FIAFHE. In FIT20]2 (4 11 [FIIGREVF 10T~ 4 —
24) 1. THHIB(E =R, pp.149-151.

2) Jebelean T (1993), An algorithm for exact division.
J.symbolic Computation 15: 169-180. [ftp://ftp.risc.
uni-linz.ac.at/pub/techreports/1992/92-35.ps.gzl.

3) Brent R and Zimmermann P (2009) Modern Comput-
er Arithmetic, version 0.4. pp.40. [http://www.loria.fr/
~zimmerma/mca/mca-0.4.pdf].

Al B D10’ DEFZDOEH]
A=22BVT, P2 LICHT 5 8 0 107 ORI
MR 28N LB, ZOMBE m iEm =571 &
2B, j=2.3.40M%RT.

All 102=100 DEH (m=5)
86,16,36,566,76

AL2 10°=1000 OEH (m=25)
296,616,336,456,976,896,216, 936,
56,576 ,496,816,536,656, 176,96,
416,136 ,256,776,696, 16,736,856,
376

A1.3 10*=10000 DEH (m=125)
7296,1616,336,1456,2976, 2896 ,9216,99386,

3056,6576,8496 ,6816,9536,4656, 176, 4096,
4416,9136,6256,3776,9696,2016,8736, 7856,
7376,5206,9616,8336, 0456 ,976,896,7216,
7936,1056,4576,6496,4816, 7536 ,2656,8176,
2096,2416,7136,4256,1776 , 7696, 16,6736,
5856,5376,3296,7616,6336,7456 , 8076, 8896,
5216,5936,9056 , 2576 ,4496 , 2816 , 5536, 656,
6176,96,416,5136,2256,9776,5696,8016,
4738,3856,3376,1296 5616 ,4336, 5456 ,6978,
£896,32186,3936,7056,576, 2496, 816, 3536,
8656,4176,8096 ,8416,3136,256, 7776, 3696,
6016,2736,1856,1376,9296,3616,2326,3456,
4976,4896,1216,1936 5056 , 8576 ,496, 8816,
1536,6656,2176,6096,6416,1136,8256,5776,
1696,4016,736,9856,9376
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Determination of the Seawater in the Sagami Bay Estuary
at the Mouth of the River and Inflow River Water

Takaya Takei!, Yoshihiro Suzuki?, Ken'ichi Kanazawa? and Yuko Nishimoto?

! Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa 259-

1293, Japan
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Japan
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Abstract: Seawater in the Sagami bay estuary at the mouth of the river and inflow river

water in winter from 2012 to 2014 were analyzed. The separation and concentration systems

of minor metal elements with freeze and melt processes of environmental water, such as river

and sea water, were established. The minor metal elements are concentrated by dissolving in

a eutectic mixture of the salt and water in a freeze process. This method will be applicable to

environmental water.

Keywords: environmental water, melt process, freeze concentration, ice chromatography,

eutectics
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AERRIEZ HWTITIIK - IRIRKE DB KR
DHETFESCHDVITE (LT A X)) oy R
DHYAT LOREE L BRI E LT, A - BlAEEER I
HEHLTWD, BITEFFEBRFE I EA TV D 538 - 43
HriEDZ IE. ME - Adaleh 2 et g & U 7o ki
RFENR L, RIEOM R 72 < BREERLER 7
Fritd LCTHERTIEH A M, —FH TN Z < ok
BHa 4 5 BREEREHZHE H T & 2 FIEORFIZE < 7
WV, AR TIIAFELRAE LRI, HEm L~
L B TORBI OB - IR Z1TO 2L 2 HE L
7oo AT TIEZ A DOMEFEOREIZRET HREEAEEN E
HDHITEY, BRAKOK S ELTEENTND D
ENE L WIA~OMANEHE SN TWAH R T FR
I B, AERRESLEMRRIELEH L7220
B - WG & LT, SRRl ARE AR 2 R 2 ik
ZaRLIZ Y, ZOJETE L KOO RARETEIC
N REOWBITRERNIET AT Z E CREShD H
BETHDH, T THRNTKORLZEEH &35 7
v N7 4—D—FETHLTAAIa<w N7
T4 =D EEZDENTEDLFELZIGH L,
WE KSR K BRI E DL Z & TRET S5

AT LOEELHE LT, THVETIZA Y RITHHE
PLED pH OKEEKF Tk Ca?t 72 EOIAFT D51
U EERH LT, — MO ERT 2 2 L0835
NTNWB70, AUHETIIREKPICHRFT D54
d o EMABAERM L2 THAE L, NaCl & ko
RAEYTIZEME SN EBEZ LN, S5
DIEHEA~DTEA % 2 T2V AT DOWEEEZ K > 7,
BREDKEUEFE LTId, 3 Ok L CHIE AT
S TN 2 AERE 0 S5 1 50 ORI CHEER L 72K
K OFEIFEE ~D AN T & %42 B )OI K %Ak
Uz, FREGET oK Tl AN L7
WK DT, REIHEIREOK TREM ST
WA 2 Zmoih, TE TR L TRETL TE -
B GEARIN) OFJIK E 2012 4725 2014 4D
11 H ~ 12 AIZERK U7 bk o Ak o J7E 75 F %
R EE LT,

PR L 5K
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I, T SFEEHNSKEMT) CRILZ, #E
AROFEHT, FEBEE 4 B )R O AT o#gEK 2 v
720 AR5 6 0 m, 200 m, 400 m, 800 m, 1000
m, 2000 m O HLOWEHR (K% 0 m) TEK U727k
200 m, 400 m, 800 m, 1000 m, 2000 m D15 DK
5 m CTER/K L7=7kl. 1000 m, 2000 m O iS5 D /K%
20 m TELA L7=iBl 2 L7z,

Kk B O W)IKR D 53 B

K L7232, No.bA (ADVANTEC) & No.5C
(ADVANTEC) D AT Aidt%, FL£20.45 pm O
V27 40— (Minisart RC15, Sartorius) TA
i U7z, IKIE 10 5 R U CRERREEE L, gk

# 1. & F)IERIRGEURE O E B R
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1% 100 1%, 1000 fHIZAR L CHIER R L=,
HEIZIZ ICP-AES( HYXiNA T 7 A = A
SPS3500) i L, ¥+ V¥ —#H A :0.35 L/min,
7T X< H A:14.0 L/min., B4 A:0.40 L/min (\»
b Ar) . WOIALE © 1.70~1.90 mL/min D5t

THIE L7z,

Wik & ol

WK B O R DO IE R

# LIZE& AN TOBKMEREZ R LIz, 2011 47 HE
E oD Hrfi s OB O IE S RS RIS EIRE TH D
B, FNERS EIFE-BETHY . FIRICiE>T
BRENENT S Z E8bnD, F12 T CORIER

Sampling date Sa}il)ﬁlling Ca Na Si Mg K Sr B Fe Mn Cd
upper 16.40 7.20 12.30 5.90 1.30 0.03 0.01 0.01
2010/10/7 middle | 21.30 | 11.65 | 13.10 6.60 2.20 0.05 0.01 0.01
lower 25.85 | 16.10 | 14.70 8.90 3.35 0.07 0.02 0.02 0.02
upper 20.36 9.66 12.89 7.33 2.17 0.06 0.01 0.02
2010/12/7 middle | 25.42 | 15.60 | 13.46 8.12 3.36 0.07 0.01 0.02
lower 30.47 | 22.65 | 14.35 | 10.12 5.54 0.09 0.01 0.06 0.04
upper 26.74 | 11.73 | 14.98 7.53 2.17 0.06 0.03 0.02 0.01
2011/7/15 middle | 31.88 | 25.33 | 15.23 7.96 7.07 0.07 0.04 0.02 0.01
lower 27.86 | 17.99 | 12.13 | 11.64 5.25 0.06 0.03 0.09 0.01
upper 23.00 9.58 13.17 7.71 2.21 0.06 0.03 0.02
2011/12/15 middle | 28.88 | 14.45 | 13.33 8.70 3.77 0.06 0.03 0.01
lower 34.51 | 25.44 | 18.75 | 10.32 5.48 0.08 0.04 0.06 0.03
upper 20.89 7.43 12.77 7.06 1.14 0.05 0.01 0.01
2012/7/28 middle | 26.53 | 15.95 | 13.17 7.81 3.34 0.06 0.01 0.01
lower 28.03 | 19.22 | 12.33 8.13 4.17 0.07 0.03 0.04
upper 23.12 8.72 12.74 7.96 1.56 0.02
2012/12/11 middle | 29.12 | 14.92 | 12.95 8.85 4.24 0.02
lower 33.71 | 19.89 | 14.58 | 10.61 6.04 0.03
upper 22.04 | 10.78 | 14.65 8.37 4.76 0.06 0.14
2013/8/26 middle | 26.90 | 19.78 | 14.74 9.19 7.18 0.07 0.14
lower 24.51 | 16.87 | 12.36 9.20 4.18 0.08 0.09 0.04
upper 20.64 9.55 14.68 7.32 1.49 0.05 0.07 0.02
2013/12/3 middle | 25.03 | 20.66 | 14.67 7.84 3.71 0.05 0.01 0.01
lower 27.92 | 21.87 | 14.29 9.13 4.56 0.06 0.03
upper 21.13 7.03 12.15 6.43 2.51 0.01 0.02
2014/4/27 middle | 27.32 | 13.52 | 12.28 7.35 4.30 0.05 0.03
lower 31.55 | 17.43 | 12.32 9.03 4.98 0.10 0.04
upper 27.09 9.99 13.77 8.29 2.80 0.03
2014/9/23 middle | 28.91 | 14.20 | 13.14 8.14 4.31
lower 27.73 | 13.05 | 12.48 8.43 4.22 0.01
EDHALIL mg/L. blank: JlEH, - : R FRIUT



ROFREH i ARBTE O L OB IR O CHR B E 83

7% 2. & B)IN DAL OHEK ORER T (2012 4~ 2014 4FEEIL)

Sampling

Mg

Temperature (<109 | (x109 | (x 109 Sr B
distance (m) depth (m) date C mg/L mg/L mg/L mg/L mg/L
2012/12/13 13.3 0.95 0.43 0.29 4.7 2.8
0 0 2013/11/22 17.0 0.95 0.29 0.43 5.3 3.9
2014/12/15 — — - — — -
2012/12/13 15.7 1.31 0.76 0.41 7.1 4.1
0 2013/11/22 17.0 1.35 0.41 0.76 7.1 5.0
2014/12/15 — - — - - -
200 2012/12/13 15.6 1.34 0.71 0.41 6.8 4.1
5 2013/11/22 18.0 1.26 0.41 0.71 7.3 4.9
2014/12/15 — — - - - -
2012/12/13 15.3 1.30 0.73 0.42 6.8 4.1
0 2013/11/22 19.0 1.44 0.42 0.73 7.0 4.6
2014/12/15 14.2 1.2 0.39 0.79 7.8 3.6
400 2012/12/13 154 1.33 0.79 0.44 7.3 45
5 2013/11/22 19.0 1.35 0.44 0.79 7.1 4.8
2014/12/15 14.4 1.2 0.39 0.89 7.8 3.4
2012/12/13 15.1 1.27 0.69 0.40 6.5 4.0
0 2013/11/22 18.0 1.34 0.40 0.69 6.9 4.7
2014/12/15 14.0 1.30 0.39 0.82 7.8 3.5
800 2012/12/13 15.2 1.34 0.77 0.43 7.2 4.2
5 2013/11/22 18.0 1.43 0.43 0.77 7.1 4.7
2014/12/15 14.1 1.2 0.38 0.88 7.9 3.4
2012/12/13 14.0 1.30 0.72 0.41 6.8 3.9
0 2013/11/22 18.0 1.26 0.41 0.72 7.1 4.7
2014/12/15 13.8 1.3 0.38 0.80 7.8 3.6
2012/12/13 14.3 1.35 0.78 0.42 7.1 4.3
1000 5 2013/11/22 18.0 1.34 0.42 0.78 7.0 4.7
2014/12/15 14.2 1.3 0.37 0.78 7.7 3.3
2012/12/13 14.4 1.21 0.73 0.42 6.9 4.0
20 2013/11/22 17.0 1.51 0.42 0.73 7.1 4.7
2014/12/15 13.9 1.3 0.39 0.79 7.9 3.3
2012/12/13 14.7 1.36 0.73 0.42 6.9 4.2
0 2013/11/22 17.0 1.22 0.42 0.73 6.8 4.5
2014/12/15 14.6 1.3 0.40 0.80 7.9 3.3
2012/12/13 14.8 1.35 0.76 0.42 7.0 4.0
2000 5 2013/11/22 17.0 1.32 0.42 0.76 7.1 4.6
2014/12/15 13.4 1.2 0.40 0.82 7.8 3.4
2012/12/13 14.9 1.33 0.75 0.43 7.0 4.3
20 2013/11/22 18.0 1.25 0.43 0.75 7.1 4.7
2014/12/15 13.6 1.4 0.39 0.78 7.8 3.2
average concentration of sea 1.30 0.41 0.39 7.8 4.5

— o JEET
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chromium concentration( X 10* mol/L)

chromium concentration( X 10* mol/L)
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1. JKZEHEE LB o Fe 125 () L@tk ok
D Fe JBE (7).

Rz

123 LWEEHEETE STy, 212

34 BT O AL WK ORER R %2~ Lz, 2014
W OFMEDY 7Y o TIIIT AR Do 1270,
TN ENTWRNN, TXTOILHE TIEITHK
DI PEEEIFEVMETH - 72, 2012 £ 12 HHH

BT AT T Ca I E O R L U @S,
R BRI L 724 B (FEAJI) FioREITH
CaiRENENZ LD, WMATRIDORELE 2 5
L0, KIBEIZOWTIHMHERALNLT, EHICKR
AT AVENRH D,

BB D L A\ D i

A E 7RI El 72 B 2 U 72y Bl - JRAE
HEE LT, S MAERE AR5 FEERR L
72 NaCl KK 2 mAT 5 &, KB S -
12 NaCl & KDL AERT 5, NaCl & KROHGHIC
IHREREC Y VR, T AR ENEY ZEND,
FINKEDRE K P OMEITLFE S NaCl & KO ILE
BEMICREE SN EE 2 bz, £ 2T, NaCl
IR 2 B SE Tk Z Mk L, Fe KO Cr &t
AR AT T Uz, K& @i U 72 3 ONA @ %
DKFD Fe e O Cr DIREAWE LTZ, K 1ICET
MR E L C Fe OKBEOMPERER 2R LTz, #&
RIXCr THIEAEE 720, BUSTHIE & KRD I
~NRAET D Z e | REKFOIEITLFE DR
Mk LTHEHATOD LB X DN, FEOKE
OOV IZHEKZ FHWTZBE b REREOR 085S
nNoZebbhrol, EHIZEBREOHIIKTS A
DOFERL 720 | ERB OB bR TE T2,

i

AR, WFSTRRE TFERE) AT RIC 3 1) 2 RAIER
REBOET=F Y 7 3] IZkT 5 2015 F L
R ZFRe & B ptsepr R ZE B p (RIS201506)
BT UTolz, ZZICHEERLET,

SR

1) BEEZ, FHASH, KRR, $iREIL, &R
— VA1 (2013) BREEAKD D DO K 7R E O
FRONHEE A E LIoRIE T U — 2Bk 27
L. Sci. J. Kanagawa Univ. 24: 41-46.

2) FRFERE, W R, e RFREL (2011) FRAEIAT K
SDOREW T Z 7~ DGR DIRKTEN D FEE
Sci. J. Kanagawa Univ. 23: 59-66.

3) TP , P, S, AL T, R
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Designing and Prototyping an Analysis System of
Food and Health Information Based on Mobile Application Integration
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8655, Japan
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Abstract: Various diseases caused by disturbance of lifestyle are a major obstacle to our
health. With the rapid development of mobile devices, the use of smartphones and healthcare

applications is increasing exponentially worldwide. In this study, an analysis system of food

and health information was designed and prototyped based on mobile application integration

and the real-time collection of life log data. Moreover, problems with the user interface and se-

curity policy are also discussed.

Keywords: health information, mobile application, smartphone, life log
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Abstract: The present study aimed to examine exercise books that had been used in Pro-

gramming 1, or a classroom lecture held in Kanagawa University, for the past three years to

summarize essential points for learning. A survey was conducted to examine the correspon-

dence of questions that had actually been asked with the essential points for learning, and de-

termine whether or not the questions were biased. Furthermore, the meaning of teaching the

subjects involving biases was also discussed.

Keywords: programming class, topic coverage, course design
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Web #—/Y
e — N : Apache HTTP Server
o T4 VAHERK :
> JL— |
Ivarfwww/html/WebStudio
> TyvZua—K:
Ivarfwww/html/WebStudio/files
> Webiik”Z 747 b
Ivar/www/html/WebStudio/term

> Web J5 & ® POPUP & [ : /var/www/html/
WebStudio/zDialog
o EAA—b : 30443

Term ¥ —/\
e — 3 : Node.js express
o T4 ILARERK
> Jb— b ((EELFTA]) : home/UserID/demo
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SSL gt Iz 2V T
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Apache HTTPS ¥ — /D H5E
¢ /etc/httpd/conf.d/ssl.conf
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> SSLCertificateFile /etc/pki/tls/certs/server.crt

> SSLCertificateKeyFile /etc/pki/tls/private/
server.key
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sslcert

e Term H— \%HL#H7 % 2~ > R : node index.js &

e Term H—/ 7" — | : index.js ® serverrun O 7|4
THRET S (7 A MRET 8080 ([THEE S 4172)

Web 5 KERBIIZDOWT

o B A UHEDHR—LT 4 L7 KU Term %— 3L
o —YDR—2T 417 LY

o V747 N® Term H— ik iE : [var/www/
html/WebStudio/term/index.html @ 65 17 H 2
Term H— X URL & R— h&FEET D

VAT LDFLT

1) LLF @ JavaScript % Bookmark & L CiBAIT %
(1),
javascript:(function(d){if(frames.length>0)
{d=frames['main'].document};var%20f=$('<form></
form>',{action:'http://www.sp-tec.co.jp:30080/
WebStudio/WebStudio.php',target:'WebStudio',
method:'"POST"}).hide();var%20b=$("body',d);b.
append();for(i=0si<d.links.length;i++){d.linksli].
onclick=function(e){if(e.ctrlKey){var%20
p="UserID";var%20s=this.href;var%20s=this.
href.substr(this.href.lastIndexOf("/")+1);if(!s.
toLowerCase().match(/\.c.*$/)){s="test.c'};f.
append($('<input>',itype:'hidden' name:'file_

name',value:s}));f.append($('<input>',itype:'
hidden',name:'file_path',value:p}));$.get(this.
href function(d1){f.append($(<input>',itype:'hidde
n',name:'src_data',value:d1}));f.submit();});window.
open(http://www.sp-tec.co.jp:30080/WebStudio?file_
name="+s+'&file_path="+p,' WebStudio','menubar=no,
toolbar=no,location=no,status=no,resizable=yes");ret
urn%z20false;}}};})(document);

) Bookmark® E& 52
1. Bookmark D% E.

2) Bookmark L7z JavaScript #3179 2% (X2),

B-4 % oms B
By 11t

=

2. JavaScript DFE1T. Bookmark® 17

3) KGR D Y —AT 7 AN (VD) #arbnr
—e 27Uy 35 (XK3),

cl+5YUws
3. J=ARTF7ANDIT Y v,
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Jomt _Sympos_lum of

A "[ 1 th lnternatlonal Symposmm on the Kanagawa Q-_-___
Umversﬂy Natlonal Talwan Umversuy Exchange

=— f and leatsuka Symposmm 2016

Kanagawa University, SHC, 1- 332 (AV room)
12 March 2016 9:30 - 17:20 -
Poster Session 12:30 -14:30 at 1-240 and 241

INVITED LECTURES
Toshiaki Matsubara (KU, Chemistry)

Application of the ONIOM- Molecular Dynamics (MD) Method to Chemical Reactions
Tsung-Shing Andrew Wang (NTU, Chemistry)
Development of Siderophore Conjugates for Selective Bacterial Targeting
Md. Masud Parvez (KU, Chemlstrz
-Oxidatively Degradable Polyamlde Bearin |acylhydraz|ne Moiety
Yi-Tsu Chan (NTU, Chemlstrg '
Towards Functional Matenals From Self-Assembled Metallomacrocycles
_ to Stimuli-Responsive Supramolecular Polymers
Hiroshi Watanabe (AIST, Metrologlcal Information)
Toward an Assurance Case Practice for TH NMR Assignment in SDBS
Hisao Saneyoshi (KU, Material and Life Chemistry)
~  Development of b|o»degradable protecting groups for ohgonucleotlde therapeutics
Hsu-Liang Hsieh (NTU, Institute of Plant Biology)
Functional studies of - FINZIQ/JAR] interacting partners in integrating light
and jasmonate signaling pathways in Arabidopsis
Ja-An Annie Ho (NTU, Biochemical Science and Technology)
Novel DNA Nanotechnology in Medical Diagnosis
Haruki Hashimoto (KU, Biological Sciences)
Plastid division, the origins and evolution

SHORT SPEECHES
Tsubasa Konishi (KU, Chemistry)

Site-Selective Deposition of Ag Nanoparticulate Ink and Surface Modification
Using a Photoresponsive Self-Assembled Monolayer §

Sheng-Yang Ho (NTU, Chemlstr¥
Synthesis of Chrysobactm Conjugate for Soft Rot Disease Diagnosis and Treatment
Tsulxoshl Kobayashi (KU, Biological Sciences)
orphogenesis and Adaptive Slgnlflcance in-Sea Urchin Post-Larval Development

Yen-Ho Chen (NTU, Institute of Plant Biology)

Functional Studies-of HY5 Involved in Far-red Light and Jasmenate Signalling Pathway
in Arabidopsis
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Program

9:30
9:35

10:05

10:35
10:50

11:20

11:50

12:00

12:10

12:20

12:30

14:30

15:00

15:30

15:45

16:15

16:45

17:15

Opening Remarks

Application of the ONIOM-Molecular Dynamics (MD) Method to Chemical
Reactions

Toshiaki Matsubara, KU, Chemistry

Development of Siderophore Conjugates for Selective Bacterial Targeting
Tsung-Shing Andrew Wang, NTU, Chemistry

Coffee Break

Oxidatively Degradable Polyamide Bearing Diacylhydrazine Moiety
Md. Masud Parvez , KU, Chemistry

Towards Functional Materials: From Self-Assembled Metallomacrocycles to

Stimuli-Responsive Supramolecular Polymers
Yi-Tsu Chan, NTU, Chemistry

Site-Selective Deposition of Ag Nanoparticulate Ink and Surface
Modification Using a Photoresponsive Self-Assembled Monolayer
Tsubasa Konishi, KU, Chemistry
Synthesis of Chrysobactin Conjugate for Soft Rot Disease Diagnosis and
Treatment
Sheng-Yang Ho, NTU, Chemistry
Morphogenesis and Adaptive Significance in Sea Urchin Post-Larval
Development
Tsuyoshi Kobayashi, KU, Biological Sciences
Functional Studies of HY5 Involved in Far-red Light And Jasmonate
Signalling Pathway in Arabidopsis
Yen-Ho Chen, NTU, Institute of Plant Biology

Poster Session

Toward an Assurance Case Practice for 'TH NMR Assignment in SDBS
Hiroshi Watanabe, AIST, Metrological Information
Development of Bio-Degradable Protecting Groups for Oligonucleotide
Therapeutics
Hisao Saneyoshi, KU, Material and Life Chemistry

Coffee Break

Functional Studies of FIN219/JAR1-Interacting Partners in Integrating
Light and Jasmonate Signaling Pathways in Arabidopsis
Hsu-Liang Hsieh, NTU, Institute of Plant Biology

Novel DNA Nanotechnology in Medical Diagnosis
Ja-An Annie Ho, NTU, Biochemical Science and Technology

Plastid Division, the Origins and Evolution
Haruki Hashimoto, KU, Biological Sciences

Closing Remarks
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