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Kazuhito Inoue, Masaharu Kitashima, Hajime Masukawa, Hidehiro Sakurai

Genetic Engineering of the heterocyst-forming Cyanobacteria Enhance Hydrogen
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Photobiological Hydrogen Production Using Nitorgenase of Filamentous Cyanobacteria
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41th International Conference on Coordination Chemistry, Singapore (2014)
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Catalytic alkane hydroxylation by nickel complexes through peroxides activation

BRFs (—RRE. £3 464)

2014 International Conference on Artificial Photosynsthesis, Hyogo, Japan (2014)
Masaharu Kitashima,Hajime Masukawa, Ken Sakai, Hidehiro Sakurai, Kazuhito Inoue
Hydrogen Accumulation in Plastic Bags by Heterocystous Cyanobacteria

Kenji V. P. Nagashima, Andre Vermeglio, Naoki Fusada, Sakiko Nagashima, Keizo
Shimada, Kazuhito Inoue
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Trial of Various Nitrogenase Gene Expression of Different Metal Center in Nostoc PCC
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Hydrothermal synthesis of crystalline niobium oxides and their catalytic activity
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oligodeoxyribonucleotides
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Synthetic model for nickel superoxide dismutase having the ability to convert
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Alkane Oxidation by Immobilized Metal Complex Catalysts: Effect of Surface Density
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XXVI International Conference on Organometallic Chemistry, Sapporo, Japan
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Shiro Hikichi, Jun Nakazawa

Catalytic Alkane Hydroxylation by Nickel Complexes with mCPBA

International Conference on Fluorine Chemistry 2014 Tokyo, Yokohama, Japan
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Decomposition of Perfluorinated lonic Liquid Anions Using Subcritical and
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34th International Symposium on Halogenated Persistent Organic Pollutants
(DIOXIN 2014), Madrid, Spain (2014)

Hisao Hori, Takehiko Sakamoto, Takshi Tanabe, Miu Kasuya, Asako Chino , Qian Wu,
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Iron-Induced Efficient Decomposition of Perchlorate Using Pressurized Hot Water

7th Green Solvents Conference, Dresden, Germany (2014)

Hisao Hori, Yoshinari Noda, Akihiro Takahashi, Takehiko Sakamoto

Decomposition of Perfluorinated lonic Liquid Anions in Subcritical and Supercritical
Water

International Conference of Asian Environmental Chemistry 2014, Bangkok,
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Akihiro Takahashi, Yoshinari Noda, Takehiko Sakamoto, Hisao Hori

Efficient Decomposition of Perfluorinated lonic Liquid Anions Using Subcritical and
Supercritical Water
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Efficient Decomposition of a New Fluorochemical Surfactant: Perfluoroalkane
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225nd Meeting of ECS, Orlando, USA

Arockiam John Jeevagan, Takashi Tsuda, Govindachetty Saravanan, Takao Guniji,
Masanari Hasimoto, Shingo Kaneko, Masahiro Miyauchi, Futoshi Matsumoto

Visible Light Driven Decomposition of Organic Compounds by Two Different
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Photocatalytic Activity of Pt3Ti/WO3 Photocatalyst Under Visible-Light Irradiation
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Synthesis of Pd-Based Nanoparticles and Its Photocatalytic Activity for Organic
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Abstract body

Obesity is a growing health problem in modern society because it is a risk

factor for many lifestyle-related diseases, including diabetes and cardiovascular

disorders. Thus, studies on anti-obesity are expected to contribute to the

prevention and treatment of various diseases. In this field, we previously

identified (-)-ternatin, which inhibits fat accumulation in 3T3-L1 adipocytes,

and studied its derivatives to elucidate its mechanism of action.

Against this background, we
sought  to identify  novel
compounds that could affect the
differentiation of 3T3-L1 cells. As
a result, we found three novel
compounds, yoshinones A (1), B1
(2), and B3 (3) (Figure 1). These
three yoshinones were composed
of a y-pyrone ring and a linear side

chain. Tests on the ability of these

yoshinones B1 (2) and B2 (3)

Figure 1. Structures of yoshinones A (1), B1 (2) and B2 (3). The

structures of 2 and 3 differ with respect to the configuration of C8.

three yoshinones to inhibit the differentiation of 3T3-L1 cells revealed that

conjugation between y-pyrone and olefin in the side chain reduced their

activities. Details of the isolation, structural analysis, and biological effects of
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yoshinones are described below.

A cyanobacterium, Leptolyngbya sp., (600 g) collected at Ishigaki Island,
Okinawa, Japan, was crushed in aqueous methanol and an aqueous methanol
extract was prepared. The extract was partitioned between water and ethyl
acetate, and the ethyl acetate layer was further partitioned between hexane and
the 80% aqueous methanol. The aqueous methanol layer was subjected to
continuous HPLC purifications, and three compounds, yoshinones A (1) (1.0
mg), B1 (2) (0.1 mg), and B2 (3) (0.1 mg), were isolated.

Based on an HRESIMS analysis, the molecular formula of yoshinone A (1) was
determined to be CyH30s (m/z 387.2163 for [M+Na]®, calcd 387.2147).
Spectroscopic analysis of *H-NMR (Table 1), *C-NMR, COSY correlations,
HMBC correlations, HMQC correlations, and NOE correlations revealed that

yoshinone A had a plannar structure as shown in Figure 2.

—  COSY

Figure 2. 2D-NMR correlations of yoshinone A (1) Figure 3. COSY correlations of yoshinones B1 (2) and B2 (3)

Yoshinones Bl (2) and B2 (3) were considered to have the same chemical
formula C,,H3,0¢ based on HRESIMS data (2: m/z 403.2085 for [M+Na]", calcd
403.2096. 3: m/z 403.2067 for [M+Na]*, calcd 403.2096). The *H-NMR spectra
of yoshinones B1 and B2 were almost the same except for 1 singlet methyl (2: 5
1.21. 3: & 1.17). Furthermore, the *H-NMR spectra of yoshinones B1 (2) and
B2 (3) appeared to be similar to those of yoshinone A (Table 1), and therefore
yoshinones B1 (2) and B2 (3) were predicted to be analogs of yoshinone A (1).
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Table 1. NMR data of yoshinones A (1), B1 (2) and B2 (3)*

yoshinone A yoshinone B1 yoshinone B2
position 5 3u° multiplicity (J in Hz) 3n° multiplicity (J in Hz) 3n° multiplicity (J in Hz)
1 161.7
2 100.1
3 179.9
4 119.9
5 156.7
6 323 286 d(7.0) 6.24 d(15.8) 6.24 d(15.8)
7 118.0 5.16 t(7.0) 6.66 d(15.8) 6.66 d(15.8)
8 138.2
9 35.9 210 m 162 m 162 m
203 m
10 32.1 179 m 172 m 172 m
158 m 158 m 158 m

1 86.4 329 dd(7.5,5.5) 329 dd(7.5,5.5) 329 dd(7.5,5.5)
12 135.0
13 1340 536 d(8.5) 536 d(8.5) 536 d(8.5)
14 640 438 dq(8.5,6.5) 432 dq(8.5,6.5) 432 dq(85,6.5)
15 238 113 d(65) 1.10 d(6.5) 1.10 d(65)
16 51.8 323 s 316 s 316 s
17 7.1 213 s 214 s 214 s
18 10.0 201 s 210 s 210 s
19 15.9 148 s 121 s 117 s
20 528 303 s 299 s 299 s
21 10.5 148 s 148 s 148 s

Solvent: CsD¢
®Recorded at 150 MHz

‘Recorded at 600 MHz
Based on the results of "H-NMR, COSY correlation, and comparison to those
with yoshinone A, yoshinones B1 (2) and B2 (3) were considered to have planar
structures as shown in Figure 3. In addition, they were diastereomers at the C8

position based on the differences of in their LH-NMR chemical shifts.
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The effects of these three
yoshinones on the adipogenic
differentiation of 3T3-L1 cells
were examined. The cells were
induced to undergo differentiation
by insulin in the absence or
presence of various
concentrations of the yoshinones.

Figure 4. Dose-effect curve for yoshinones on the differentiation of

After 7 days of induction, the
i i 3T3-L1 cells. After 7 days of induction of adipogenesis by insulin
cellular triglyceride level was

with various concentrations of yoshinones, cellular triglyceride

measured as an indicator Of |, .\ ere measured. Each value is the mean + SEM determined by
differentiation (Figure 4). The three indeoendent exoeriments.

concentration of yoshinone A (1) required to achieve a 50% inhibition of
differentiation (ECs) was 420 nM. On the other hand, the inhibition rates with
yoshinones B1 (2) or B2 (3) were less than 50% even at a concentration of 5 uM.
The structures of yoshinones A (1) and B (2 and 3) differ with respect to the
number of hydroxyl groups and the position of one olefin in the side chain. In
particular, yoshinones Bl (2) and B2 (3) have an olefin conjugated with
y-pyrone, while olefins in the side chain of yoshinone A (1) are not conjugated.
Thus, a y-pyrone and an olefin should not be conjugated with each other for the
inhibition of adipogenic differentiation. Yoshinone A (1) did not have cytotoxic

effects on 3T3-L1 or HelLa cells at a concentration of 50 uM.

In conclusion, we isolated three novel compounds, yoshinones A (1), B1 (2)
and B2 (3), from the cyanobacterium Leptolyngbya sp., and determined their
structures by NMR spectral analyses. Yoshinone A (1) was not cytotoxic and
inhibited the adipose differentiation of 3T3-L1cells. Therefore, yoshinone A may

be a novel lead compound for the treatment of obesity.
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Obesity has recently become one of the most
serious health problems worldwide. Ternatin 1, a
cyclic heptapeptide isolated from the mushroom
Coriolus  versicolor, strongly inhibits fat
accumulation®. In addition, treatment with ternatin
significantly decreased the blood sugar level in a
mouse model of type Il diabetes (Fig.1)®. Thus,
this natural product is a promising candidate for the
treatment of metabolic syndrome. However, the
mechanism of action is still unclear. In
this study, we tried to elucidate the
mechanism of action of ternatin.

We designed two ternatin derivatives,
one with a substitution of the amino acid
at position 6 (2), as a positive control,
and its stereoisomer (3) ®, as a negative
control, to isolate the intracellular
molecule that shows binding with
ternatin.

We were able to
synthesize both  deri-
vatives. The synthesized
probes were covalently
bound to Sepharose
beads to prepare a
ternatin-affinity column.
We are now trying to
identify
ternatin-associated component in 3T3-L1 cells.

fM

I also discuss the latest data from marine genome projects.
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Fig 1. Blood sugar level in diabetes model mice
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Pyrimidine base pairs in DNA duplexes selectively capture metal ions to form metal ion-
mediated base pairs, which can be evaluated by thermal denaturation, isothermal titration
calorimetry, nuclear magnetic resonance spectroscopy, and crystallography [1, 2]. In this
paper, we discuss the metal ion binding of pyrimidine bases (thymine, cytosine, 4-
thiothymine, 2-thiothymine, 5-fluorouracil) in DNA duplexes. Thymine-thymine (T-T)
and cytosine—cytosine (C-C) base pairs selectively capture Hg(ll) and Ag(l) ions,
respectively, and the metallo-base pairs, T-Hg(Il)-T and C-Ag(l)-C, are formed in DNA
duplexes. The metal ion binding properties of the pyrimidine—pyrimidine pairs can be
changed by small chemical modifications. The binding selectivity of a metal ion to a 5-
fluorouracil-5-fluorouracil pair in a DNA duplex can be switched by changing the pH of
the solution. Two silver ions bind to each thiopyrimidine—thiopyrimidine pair in the
duplexes, and the duplexes are largely stabilized. Oligonucleotides containing these bases
are commercially available and can readily be applied in many scientific fields.

P o o o

2% . 1Y

T-Hg(ll)-T C-Ag(l)-C 2sT-Hg(ll)-2sT 2sT-Ag(l):Ag(l)-2sT
F?_(o OH R o—)—a F s s —()—s
o TS et o
N_{) >7N \ N: >_N N‘<N N}_N \ N N%N
4 v ¢ A d
5fU-Hg(ll)-5fU 5fU-Ag(l):Ag(l)-5fU 4sT-Hg(Il)-4sT 4sT-Ag(l):Ag(l)-4sT

Metal ion mediated base pairs

This work was supported by a Grant-in-Aid for Scientific Research (A) (No. 24245037)
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Pyrimidine base pairs in DNA duplexes selectively capture metal ions to form metal ion-mediated base pairs,
which can be evaluated by thermal denaturation, isothermal titration calorimetry, nuclear magnetic resonance
spectroscopy, and crystallography. In this paper, we discuss the metal ion binding of pyrimidine bases (thymine,
cytosine, 4-thiothymine, 2-thiothymine, 5-fluorouracil) in DNA duplexes. Thymine-thymine (T-T) and
cytosine—cytosine (C—C) base pairs selectively capture Hg(ll) and Ag(l) ions, respectively, and the metallo-base
pairs, T-Hg(ll)-T and C-Ag(l)-C, are formed in DNA duplexes. The metal ion binding properties of the
pyrimidine—pyrimidine pairs can be changed by small chemical modifications. The binding selectivity of a
metal ion to a 5-fluorouracil-5-fluorouracil pair in a DNA duplex can be switched by changing the pH of the
solution. Two silver ions bind to each thiopyrimidine-thiopyrimidine pair in the duplexes, and the duplexes are
largely stabilized. Oligonucleotides containing these bases are commercially available and can readily be
applied in many scientific fields.

Pyrimidine base pairs in DNA duplexes selectively capture metal ions to form metal ion-mediated
base pairs, which can be evaluated by thermal denaturation, isothermal titration calorimetry,
nuclear magnetic resonance spectroscopy, and crystallography. In this paper, we discuss the metal
ion binding of pyrimidine bases (thymine, cytosine, 4-thiothymine, 2-thiothymine, 5-fluorouracil)
in DNA duplexes™, Thymine-thymine (T-T) and cytosine—cytosine (C—C) base pairs selectively
capture Hg(11) and Ag(l) ions, respectively, and the metallo-base pairs, T-Hg(II)-T and C-Ag(1)-
CEl, are formed in DNA duplexes. Three dimensional structures of duplexes containing T-Hg(I1)-T
pairs have been reportedSl,

The metal ion binding properties of the pyrimidine—pyrimidine pairs can be changed by small

chemical modifications. The binding selectivity of a metal ion to a 5-fluorouracil-5-fluorouracil
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pairl®in a DNA duplex can be switched by changing the pH of the solution. Two silver ions bind to
each thiopyrimidine—thiopyrimidine pair in the duplexes, and the duplexes are largely stabilized[").
Oligonucleotides containing these bases are commercially available and can readily be applied in

many scientific fields.

INTRODUCTION

Much research directed towards extending the functionality of base pairs in DNA
duplexes with respect to artificial gene control, as well as the development of DNA
structure-based  functionalized biopolymers, has been performed'. Synthetic
oligodeoxyribonucleotides (ODNSs) containing artificial bases have been used to form
metal-mediated base pairs (metallo-base pairs), in which the hydrogen bonds in Watson—
Crick (W-C)-type base pairs, as found in natural DNA, are replaced by metal-base bonds.
Alternative methods for generating metal-mediated base pairs in DNA duplexes using
only naturally occurring pyrimidine bases have also been reported®. Thymine—thymine
(T-T) and cytosine—cytosine (C-C) pairs selectively capture Hg(ll) and Ag(l) ions,
respectively, and the metallo-base pairs, T-Hg(l1)-T and C-Ag(l)-C, are formed in DNA
duplexes. As mercury—(T-T) and silver—(C-C) binding is highly selective, novel DNA
structure-based sensors capable of selectively detecting Hg(Il) and Ag(l) ions in aqueous
solutions have been developed®. Attempts to enzymatically incorporate the metal ion-

mediated base pairs have been reported*.
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FIG. 1
Watson-Crick base pairs (top) and expected structures of metallo-base pairs.

One advantage of using natural pyrimidine bases to capture the metal ions is that these
studies can be carried out using only commercially available oligonucleotides, and such
experiments can be reproduced in any laboratory. Many of the oligonucleotides
introduced in this article can be purchased or synthesized using commercially available
monomer units. From synthesized ODNs, of which the sequences are precisely controlled,

DNA duplexes containing pyrimidine—pyrimidine pairs at desired sites can be prepared.
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Because pyrimidine bases are smaller than purine bases, and positions of the bases are
fixed to the sugar-phosphate backbones, there should be some regions between bases in
pyrimidine—pyrimidine pairs into which metal ions can be incorporated (Fig. 1). Hg(ll)
and Ag(l) ions can be incorporated between T-T and C-C pairs, respectively, and form
T-Hg(I)-T and C-Ag(l)-C pairs. Oligonucleotides containing 2-thiotymine (2sT), 4-
thiothymine (4sT), and 5-fluorouracil (5fU) can be purchased or readily synthesized using
commercially available amidite units. In this article, structures and properties of duplexes
containing the metallo-base pairs studies by NMR, crystallography, isothermal titration

calorimetry (ITC) are reported.

RESULTS AND DISCUSSION

Structure of duplexes containing T-Hg(l1)-T pairs.

A solution structure® and a crystal structure® of duplexes containing T-Hg(l1)-T pairs,
both structures show similar features, have been reported. Two Hg(ll) ions bridge the T
bases of the T-T mispairs, thereby forming consecutive T-Hg(l1)-T base pairs with very
similar geometries to that of Watson-Crick pairs, and the duplex adopts the standard B-
form conformation. The distance between the two Hg(ll) cations indicates that the duplex
may be stabilized by mercury-mercury metallophilic attraction, which is consistent with

previous computational’,® studies.
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FIG. 2
Parts of a crystal structure of a duplex containing consecutive T-Hg(I1)-T pairs (Reference 6). .

The three dimensional structure supports the results of the previous studies. On the
basis of >N NMR studies in which novel ®*N-*N J-coupling across Hg(Il) (3Jnn) was
observed for the T-Hg(I1)-T pair (Fig. 3) °. The J-coupling (?Jnn) Was a direct evidence
for the formation of a linear 3N-Hg(11)-3N bonds. The expected structure was confirmed

by the crystal structure.

FIG. 3
ZJnn and chemical shifts of T-Hg(11)-T pairs (reference 9).
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The normal structural appearance of DNA containing the T-Hg(ll)-T base pairs
probably explains the fact that DNA polymerase incorporated dTTP against T residues of
the template DNA strand in the presence of Hg(l1)*.

The positive AS recorded for T-Hg(11)-T base pair formation with ITC* indicated its
peculiarity. In the crystals, Hg(ll) ions are aligned along the helical axis, wrapped with
nucleobases, thus the Hg(ll) ions are isolated from water molecules. Upon the Hg(ll)-
binding to the T-T mismatch, number of water molecules initially coordinated to Hg(ll)
ion were released to bulk. Accordingly, the dehydration of Hg(ll) ion should yield the

entropy increase following the thermo dynamic assumption.

C-Ag(l)-C
C-Ag(1)-C formation has been studied by thermal denaturation'* and ITC'?, however,
the precise structure has not determined. Recently, by ®*N-NMR spectroscopy, Dr.

Dairaku and co-workers proposed the structure (a) shown in Fig. 4%, in neutral solutions.

o HN—H N’H H*
a =
H H H H {4 \N_O_N N\
N-H H-N Ag(I)X N—-H H-N / «o o% \
</ N v O — / \N—O—N/ ) or H
/N«o O%N\ /N«o + O%N\ HNiH H
X / \N—O—N/
/"% I\
o L. N
N
o% \

FIG. 4
Possible structures for the C-Ag(l)-C pair.
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Other Pyrimidine-Pyrimidine Base pairs

Besides its bioactivity as an anticancer drug, we have been interested in the chemical
behavior of 5-fluorouracil in DNA strands. DNA strands containing 5-fluorouracil
residues can be readily synthesized using the general protocol for preparing unmodified
DNA strands with a commercially available 5-fluoro-2’-deoxyuridine-3’-O-
phosphoramidite.

In acidic solutions, a Hg(ll) ion binds to a fluorouracil-fluorouracil (5fU-5fU) pair in a
duplex and the duplex was thermally stabilized(Fig. 5)**. In neutral solution, the duplex
was stabilized moderately in the presence of Ag(l) ions. In basic solution, the duplex
containing the 5fU-5fU pair was highly stable in the presence of Ag(l) ions. Two Ag(l)
ions were placed between 5fU bases. In the 5fU-Ag(l):Ag(l)-5fU, the silver ions are

neutral.
—5fU——
—5fU——
Hg(ll) Ag(l)
in acidic solutions in neutral and basic solutions
F o o F F O—Ofo F
/ O \ g/ < Q : \/>
N N N N
N~< N N—( )N
S d \. /. Y% d
C, C, (o c,
5fU-Hg(ll)-5fU 5fU-Ag(l):Ag(l)-5fU
FIG. 5

Proposed metal ion binding structures of a 5fU-5fU pair in a duplex.

Metal ion binding of thiopyrimidine bases, such as 2-thiothymine and 4-thiothymine

(Fig.6), are worthy of investigation. In terms of the “hard and soft acids and bases”

—419 —



(HSAB) rule, it is anticipated that base pairs having sulfur atom(s) may be able to
incorporate various heavy metal ions. In thermal denaturation experiments, duplexes
containing a 2-thiothymine—2-thiothymine (2sT-2sT) pair or a 4-thiothymine—4-
thiothymine (4sT—4sT) pair were stabilized in the presence of both Hg(ll) ions and Ag(l)

ions, demonstrating that both metal ions bound tightly to the base pairs®®.

Q_O_p ﬁ—@— {

2sT-Hg(ll)-2sT
—O—
~—O—§:§\
h®

o)
\C1.

4sT-Hg(ll)-4sT 4sT-Ag(l):Ag(l)-4sT

FIG. 6
Proposed metal ion binding structures of the thiopyrimidine pairs.

Interestingly, the duplexes were fully stabilized in the presence of two equivalents of
Ag(l) ions, even in a neutral solution. Predicted binding schemes are shown in Figure 6.
The pK, values of the thiothymines are smaller than that of thymine. The thiocarbonyl
group, a soft donor atom, tends to bind to a soft metal ion. Both effects may accelerate
and stabilize 2sT-Ag(l1):Ag(1)-2sT and 4sT- Ag(l):Ag(1)-4sT pairs. Signals corresponding
to 2:1 complexes of Ag(l) ions and duplexes were detected in ESI-MS measurements. In
the metallo-base pairs, the silver ions are neutral and metallophilic attraction between

silver ions will be observed.
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The phenomenon that the naturally occurring pyrimidine base pairs, such as T-T and
C-C, can selectively capture heavy metal ions has been applied to various scientific fields,
ranging from basic theoretical studies to the applications discussed above. Metal ion
binding motifs can be prepared form commercially available synthetic DNA fragments
and can be readily used in many laboratories. Methods for detecting metal ion—duplex
interactions, structures, and thermodynamic properties of metallo-base pairs were
outlined. We hope that this information is useful for laboratories in various scientific

fields.

This work was supported by a Grant-in-Aid for Scientific Research (A) (No. 24245037)
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CATALYTIC ALKANE HYDROXYLATION BY NICKEL COMPLEXES THROUGH
PEROXIDES ACTIVATION
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ABSTRACT

Recent development of the nickel-dioxygen complexes chemistry sheds light on the applicability of nickel
species as oxidizing agent. We have explored active oxygen complexes of nickel with a series of Tp® ligands.
These dioxygen complexes are formed through the reaction with peroxides XOOH where X = H (H,0,), tert-Bu
(TBHP), and meta-CICsH,C(=0) (MCPBA).

Al active oxygen complexes exhibit H-abstraction capability from aliphatic C-H bonds of the R® groups of
Tp®. However, the dinuclear Ni(l11)-bis(u-oxo) species, [(Ni"'TpR),(u- 0)2] (R = Me2,X and iPr2), are inactive
toward external substrate oxidation [1]. The alkylperoxo complex, [Ni' (OOtBu)Tp'PrZ] behaves as a precursor
of radical species which contribute the aliphatic C—H oxidation. Oxidation of cyclohexane (without solvent)
with TBHP in the presence of catalytic amount of the alkylperoxonickel(11) complex resulted in the formation of
the mixture of the cyclohexanol and cyclohexanone with low A/K ratio [2]. The acylperoxo complexes,
[Ni'(OOC(=0)CeH.CI)TpF] (R = Me2,X and CF3,Me), are involved as an intermediate of the catalytic process
of the cyclohexane hydroxylation with mCPBA. Performances of the catalysts such as reaction rate and
products selectivity depend on the electronic property of Tp®. Higher selectivity for secondary over tertiary
alcohols upon the oxidation of methylcyclohexane indicates that the oxygen atom transfer reaction proceeds
within the coordination sphere of the nickel centers. Kinetic and product analyses of the decomposition of the
nickel(11)-mCPBA complexes suggest that the nickel(ll)-acylperoxo complex is an alternative oxidant.
However, hydrogen atom abstracting potential of the nickel(l1)-mCPBA species is not so high and a putative O-
O bond cleaved species (i.e. Ni"-O« or Ni"'=0) may be a major active oxidant for the catalytic cyclohexane
oxygenation (Fig. 1) [3, 4].
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Fig. 1 Reactivity of the nickel-active oxygen complexes
REFERENCES

[1] Hikichi S., Yoshizawa M., Sasakura Y., Ohzu, Y., Moro-oka Y., Akita M., “Structural Characterization and
Intramolecular Aliphatic C-H Oxidation Ability of M"(u-0),M"" Complexes of Ni and Co with the
Hydrotris(3,5-dialkyl-4-X-pyrazolyl)borate Ligands TpM*?* (X = Me, H, Br) and Tp"™?”, Chem. -Eur. J., 7,
(2001), 5011-5028.

[2] Hikichi S., Okuda H., Ohzu, Y., Akita M., “Structural Characterization and Oxidation Activity of a
Nickel(1l) Alkylperoxo Complex”, Angew. Chem. Int. Ed., 48, (2009), 188-191.

[3] Hikichi S., Hanaue K., Fujimura T., Okuda H., Nakazawa J., Ohzu, Y., Kobayashi C., Akita M.,
“Characterization of Nickel(l)-Acylperoxo Species Relevant to Catalytic Alkane Hydroxylation by Nickel
Complex with mCPBA”, Dalton Trans., 42, (2013), 3346-3356.

[4] Nakazawa J., Terada S., Yamada M., Hikichi S., “Structural Characterization and Oxidation Reactivity of a
Nickel(Il) Acylperoxo Complex”, J. Am. Chem. Soc., 135, (2013), 6010-6013.

—422 —



—423 —



—424 —



—425—



—426 —



—427 —



—428 —



—429 —



—430 —



—431 —



—432 —



—433 —



—434 —



—435—



2nd International Conference on Clean Energy Science, Qingdao, China (2014)

—436 —



2nd International Conference on Clean Energy Science, Qingdao, China (2014)

—437 —



2nd International Conference on Clean Energy Science, Qingdao, China (2014)

—438 —



41st International Conference on Coordination Chemistry, Singapore (2014)

VISIBLE LIGHT-INDUCED HYDROGEN PRODUCTION FROM WATER BY
NICKEL COMPLEXES WITH NON-INNOCENT LIGANDS

SATOSHI INOUE (1), MANABU MITSUHASHI (1), YUSUKE KATAOKA (1), TATSUYA KAWAMOTO
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(1): Department of Chemistry, Kanagawa University, Japan
ABSTRACT

The production of molecular hydrogen from water using solar energy is a really challenging task because
hydrogen could become an important alternative fuel in the future. The reduction of protons to hydrogen using
electrons from an external source has been achieved with complexes, based on inexpensive and common metals
such as iron or nickel, inspired by the hydrogenase enzymes as electrocatalysts. Furthermore, Eisenberg and co-
workers recently described that a cobalt-dithiolene complex, which is a representative non-innocent type
complex, shows high catalytic activity in the photoreduction of aqueous protons [1]. Such catalytic behavior of
the dithiolene complex confirms high potential of non-innocent type metal complexes as catalysts in
photoreduction of water. Herein we report on the photoinduced hydrogen production that uses a non-innocent
type nickel complex as a catalyst in new photocatalytic system employing [Ir(ppy)2(bpy)]” photosensitizer
pioneered by Bernhard et al. [2] and triethanolamine (TEOA) as the sacrificial electron donor.
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A MODEL COMPLEX OF CUx CENTER: A DICOPPER COMPLEX COMPOSED
OF THE CU,;S, CORE WITH A SHORT CU---CU DISTANCE
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(1): Department of Chemistry, Kanagawa University, Japan
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ABSTRACT

The Cu, sites of cytochrome c oxidases and nitrous oxide reductases serve as electron-transfer intermediaries
and can perform rapid long-range electron transfer [1]. In the Cup, center, the copper ions are bridged by two
thiolate sulfur atoms of cysteine residues and form a Cu,S, diamond core with a direct CuCu interaction (at
approximately 2.5 A). In the oxidized state, the Cu, center is described as a completely delocalized mixed-
valence Cu™>Cu® with S = 1/2.

To understand the structure and electronic properties, considerable efforts have been directed towards the
investigation of small-molecule models together with biosynthetic models bearing proteins and theoretical
studies, and some models reproduced several important features of Cu,, such as a fully delocalized mixed-
valence nature and a highly reversible Cu™*Cu**/Cu'Cu' couple. In fact, the amido-bridged model complexes
have realized the fully delocalized mixed-valence state with short CuCu distances [2]. In spite of the tendency
for the thiolate sulfur atom to form a disulfide bond in the presence of copper(ll) ions or to oxygenate in the
presence of dioxygen, Tolman and Duboc have successfully synthesized the thiolate-bridged model complexes
with the fully delocalized mixed-valence state [3,4]. However, even these complexes do not reproduce such
CuCu distance and absorption spectral feature as observed in Cu, maintaining the mixed-valence delocalized
Cu™Cu'® state. Herein we report the synthesis and characterization of a novel thiolate-bridged dicopper
complex that closely mimics the Cu,S, core structure and spectroscopic features of the Cup center.
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Figure 1 Synthesis and structure of a Cua model complex
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SYNTHETIC MODEL FOR NICKEL SUPEROXIDE DISMUTASE HAVING THE
ABILITY TO CONVERT SUPEROXIDE INTO DIOXYGEN
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(1): Department of Chemistry, Kanagawa University, Japan

ABSTRACT

Nickel superoxide dismutase (NiSOD) is a metalloenzyme that disproportionate superoxide into hydrogen
peroxide and dioxygen through a cycle of the reduced Ni" and oxidized Ni"' states [1]. Crystallographic
characterization for both states reveals that the central metal ion of reduced Ni" state has a square-planar
structure ligated by one amino nitrogen of the terminal histidine, one amidato nitrogen of the peptide backbone,
and two thiolato sulfurs of cysteine residues and the coordination geometry of oxidized Ni'"' state is square
pyramidal with the imidazole nitrogen of the terminal histidine occupying the apical position. Investigations of
the mechanism of action were also carried out using NiSOD mutants. Furthermore, as well as peptide-based
model compounds, several nickel complexes with a N,S, square planar geometry as a model compound of
NiSOD have been synthesized. However, no synthetic NiN,S, complex has shown SOD activity yet and only a
few models are known to mimic SOD activity [2, 3]. Here we present a novel model complex having the nickel
center in a square planar N,S, environment that exhibits SOD activity by cycling between the Ni" and Ni"
oxidation states. The model complexes are unexpected products by cleavage of a carbon-fluorine bond and a
carbon-nitrogen double bond and formation of a carbon-nitrogen bond caused by heating a toluene solution of
Schiff base nickel(Il) complex.
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ALKANE OXIDATION BY IMMOBILIZED METAL COMPLEX CATALYSTS:
EFFECT OF SURFACE DENSITY OF LIGANDS
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ABSTRACT

Our group has been working on development of immobilized complex catalysts on silica support, and interested
in unique environment of material surface, especially inter-ligand interaction defined by density of the ligand.[1]
Changes in the reactivity by this inter-ligand interaction could be a hint for development of new useful catalysts.
By the way, prof. Shinobu Itoh reported that divalent Mn, Fe, Co and Ni complexes with tris(2-
pyridylmethyl)amine (= TPA) ligand showed catalytic reactivity for oxidation of hydrocarbons such as
cyclohexane with use of m-Chloroperbenzoic acid (nCPBA).[2] Among these, Co and Ni complexes showed
high turnover numbers (= TON) with high selectivity for cyclohexanol. We selected this reaction system as the
target of catalyst immobilization. [3]

The immobilized manganese, iron, cobalt and copper complex catalysts with a TPA-type ligand (M"/SBA-L-x)
have been prepared by synthesis of the mesoporous silicas with various loadings (x) of the ligand and subsequent
metal introduction in MeOH. (Figure 1). Homogeneous complexes [ML]** have been synthesized to clarify the
structure and reactivity as the reference. In the case of nickel, the structure of surface nickel complex changes
from reactive [Ni(L)(X),] to inert [Ni(L),]J(X) (X: anion or co-ligand) upon increase of the ligand density, as
well as suppression of the catalytic reactivity. In contrast to the nickel case, immobilized cobalt system showed
the inverse trend that the complex-based reactivity is enhanced on the ligand dense material. In other words, the
ligand dense surface captures cobalt ion tightly to prevent side-reaction by the bare cobalt ion. Catalytic
reactivities of immobilized iron, manganese and copper catalysts with the SBA-L-x will also discuss in this
meeting. These immobilized systems clearly demonstrated the importance of density control of the active site on
surface adapted to individual applications.

Figure 1 — Reaction scheme of the oxidation catalysis
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Recent development of the nickel-dioxygen complexes chemistry sheds light on the
applicability of nickel species as oxidizing agent. One of the interesting findings is the
selective  alkane  hydroxylation  catalyzed by nickel(Il)  complexes  with
meta-Cl-CsH,C(=0)OOH (= mCPBA).M  We have explored catalyses of nickel(ll)
complexes with scorpionate ligands, namely hydrotris(3,4,5-substituted-pyrazolyl)borates
(Tp™). In this work, nickel(11)-mCPBA adducts, an intermediate of the catalytic alkane
hydroxylation process, have been characterized successfully. !

The electronic and structural properties of Tp® affect the catalyses. The complex with
an electron-withdrawing group containing a less-hindered ligand, that is Tp"*?®", exhibits
higher alcohol selectivity compared to the non-brominated Tp“®? complex. Higher
selectivity for secondary over tertiary alcohols upon the oxidation of methylcyclohexane
indicates that the oxygen atom transfer reaction proceeds within the coordination sphere of
the nickel centers. Reaction of dinuclear nickel(I1)-bis(p-hydroxo) complexes with Tp“¢**
and a stoichiometric amount (one equiv. per nickel) of mCPBA yields thermally unstable
nickel(l1)-acylperoxo species, as have been characterized by spectroscopy. The red-shifted
¥C=0 vibrations (observed around 1645 cm ™ in IR spectra) indicate that coordination of the
carbonyl moiety of the acylperoxo ligand to the nickel center. Analyses on the first order
self-decomposition rate reveal that the brominated ligand (= TpM*?®") complex is more stable
than the non-brominated Tp“®* derivative. Decomposition of the Tp“*** complexes in
CH,CI, yields the corresponding nickel(I1)-chlorido complexes through CI atom abstraction.
Kinetic isotope effects observed on the decay of the nickel(ll)-acylperoxo species in
CH,CI,/CD,CI; indicate concerted O-O breaking of the nickel-bound acylperoxide and
H-abstraction from the solvent molecule.”” Finally, we have succeeded in isolation and
structural  determination of the nickel(ll)-acylperoxo complex by using a
fluoroalkyl-modified ligand R* = 1
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abstracting potential of the Scheme 1. Plausible oxidation mechanism

nickel(I11)-mCPBA species is not
so high and a putative O-O bond cleaved species (i.e. Ni"—O« or Ni"'=0) may be a major
active oxidant for the catalytic cyclohexane oxygenation (Scheme 1).
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DECOMPOSITION OF PERFLUORINATED IONIC LIQUID ANIONS
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lonic liquids (ILs) have been widely investigated for green chemistry applications such
as reaction and extraction media. Furthermore, there has been increasing interest in
electrochemical applications of ILs, mainly use as safer electrolytes [1]. Among them,
perfluorinated ILs, that is, ILs bearing perfluorinated organic anions, are being introduced in
many electrochemical devices: lithium-ion batteries, polymer electrolyte membrane fuel cells,
dye sensitized solar cells and so forth, owing to their specific characters such as non-
flammability, high thermal stability, wide electrochemical windows, high ion conductivity,
and low viscosity.

For their wider use, waste treatment techniques will have to be established for them.
These chemicals may be decomposed by incineration. This, however, requires high
temperatures because they consist of strong C—F bonds, and hydrogen fluoride gas is formed,
which can seriously damage the firebrick of an incinerator. In addition, it was demonstrated
that perfluorinated IL anions such as [(CF3SO,)N]  and [(C,FsSO,),N]- show non-
biodegrability under both aerobic and anaerobic conditions [2], which indicates that
conventional microbial process is not applicable. If they could be decomposed to F ions by
means of environmentally benign techniques, the well-established protocol for the treatment
of F~ions could be used: Ca®* is added to the system to form CaF,, which is a raw material for
hydrofluoric acid. Thus, the development of such techniques would allow for the recycling of
a fluorine resource, the global demand for which is increasing.

We previously demonstrated that environmentally persistent perfluoroalkanesulfonates
such as perfluorooctanesulfonate (CgF17SO3 ) are efficiently decomposed in subcritical and
supercritical water with addition of metals [3], and the methodology was successfully applied
to the decomposition of a perfluorosulfonic acid membrane polymer for fuel cells [4].

In the present work, we examined the decomposition of typical perfluorinated IL anions,
[(CF3S0O,),N] and [(C4FeSO2).N] in subcritical and supercritical water, by use of oxidizing
or reducing agents. We detail an effective methodology for the IL anions to F ions [5].
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Perchlorate (ClIO,) has recently received much attention because of its ubiquitous occurrence in the aquatic
environment and its potential to disrupt thyroid hormone levels. Perchlorate has been reported to occur in
aquatic environments, drinking water and foodstuffs, as well as in humans. The ammonium and potassium salts
of ClO, are used as oxidizers in jet and rocket fuels, pyrotechnic devices, explosives, fireworks, vehicle air bag
inflators and so forth. Improper treatment of wastes associated with manufacture and use of these products can
act as significant stationary sources of CIO,4 in the environment. Furthermore, sources attributable to industrial
effluents, fireworks manufacturing operations, and fireworks displays were recently indicated. Therefore,
development of decomposition technologies for ClIO, to harmless CI™ under mild condition is desired as a
measure against stationary sources of emission.

Recently, reactions with pressurized hot water (PHW) have been recognized as an innovative and
environmentally benign technique in water treatment. PHW is defined as hot water at sufficient pressure to
maintain the liquid state, below the critical point of water (374 °C, 22.1 MPa). PHW has many characteristics
that are favorable for chemical reactions: high diffusivity, low viscosity, and the ability to accelerate acid- and
base-catalyzed reactions.

In this study, we examined decomposition of CIO, in PHW up to 300 °C, and examined the effect of several
zerovalent metals in the reaction system. Among metals we tested, iron led to the most efficient decomposition
of ClO4 to CI” ion, with no formation of other chlorinated species such as chlorate (CIO5") and chlorite (CIO,).
We also applied this method to the decomposition of a ClO, contaminated water sample from a man-made
reflecting pond, following fireworks display in Albany, New York.
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lonic liquids (ILs) have been widely investigated for green chemistry applications.
Furthermore, there has been increasing interest in electrochemical applications of ILs,
mainly as electrolytes safer than organic solvents [1]. In particular, perfluorinated IL
anions are being introduced in many electrochemical devices owing to their non-
flammability, high thermal stability, wide electrochemical windows, high ion
conductivity, and low viscosity.

Wider use of ILs will require that waste treatment be established. Incineration is
one method for decomposing these chemicals. However, incineration requires high
temperatures to break the strong C-F bonds, and hydrogen fluoride gas is formed,
which can seriously damage the firebrick of an incinerator. In addition, these anions
do not biodegrade under either aerobic or anaerobic conditions [2], which indicates
that conventional microbial degradation process is not applicable for treatment of
waste ILs. If perfluorinated IL anions could be decomposed to F~ by means of
environmentally benign techniques, the well-established protocol for the treatment of
F~ ions could be used, whereby Ca®" is added to the system to form CaF,, which is a
raw material for hydrofluoric acid. Thus, the development of such a method would
allow for the recycling of fluorine, the global demand for which is increasing.

In the present work, we investigated the decomposition of two typical perfluorinated
IL anions, [(CF3S0,).N]” and [(C4F¢SO2),N]7, in subcritical and supercritical water in
the presence of oxidizing agent or reducing agent. We detail an effective

methodology for the IL anions to F~ ions [3].
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Abstracts : lonic liquids (ILs) have been widely investigated for green chemistry applications such as reaction
and extraction media. Furthermore, there has been increasing interest in electrochemical applications of ILs,
mainly use as safer electrolytes’. Among them, perfluorinated IL anions are being introduced in many
electrochemical devices: lithium-ion batteries, polymer electrolyte membrane fuel cells, dye sensitized solar cells
and so forth, owing to their specific characters such as non-flammability, high thermal stability, wide
electrochemical windows, high ion conductivity, and low viscosity.

However, waste treatment techniques for the ILs have not been established. Although these chemicals can be
decomposed by incineration, this requires high temperatures because they consist of strong C—F bonds, and
hydrogen fluoride gas is formed, which can seriously damage the firebrick of an incinerator. In addition,
perfluorinated IL anions do not biodegrade under either aerobic or anaerobic conditions?, which indicates that
conventional microbial degradation process is not applicable for treatment of waste ILs.

If pefluorinated IL anions could be decomposed to F~ ions by means of environmentally benign techniques, the
well-established protocol for the treatment of F~ ions could be used: Ca*" is added to the system to form CaF,,
which is a raw material for hydrofluoric acid. Thus, the development of such techniques would allow the
recycling of fluorine, the global demand for which is increasing.

In the present work, we examined the decomposition of typical perfluorinated IL anions such as [(CF3SO,),N]~
(1) in subcritical and supercritical water, by use of oxidizing or reducing agents.

When 1 was reacted in subcritical water under argon at 344°C for 6 h without any additive, most (98.8%) of the
initial substrate remained after the reaction, reflecting the anion’s high thermal and chemical stability. In
contrast, when 1 was heated in the presence of zerovalent iron at the same condition, the F yield increased to
69.0%, which is 186 times the yield without iron (Fig. 1). Increasing the temperature and reaction time further
increased the F~yield: when the reaction was performed in supercritical water at 375°C for 18 h, the yield
reached 76.8%. The decomposition of 1 was also

accelerated by use of FeO, which underwent in situ 8
disproportionation at higher temperature to form zerovalent 70
iron that acted as the real reducing agent. When 1 was
reacted in the presence of FeO at 378°C for 18 h, the F~
yield reached 85.7%: the highest value among tested. This
result suggests that the zerovalent iron that formed in situ
reacted preferentially with 1, as opposed to water.

LC/MS measurement of the reaction solutions detected
CF3SO,NH"™ as a reaction intermediate, indicating that the 20
decomposition of 1 proceeded via N-S bond cleavage.
In the presentation, we also report the effect of other
additives and the effect of cation parts corresponding to 1. 0
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Fig. 1. Reaction-time dependence of
[(CF3S0,),N] decomposition in the presence of
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Introduction

Perfluoroalkyl surfactants such as perfluoroalkane sulfonates (C,F,,:1SO3") and their derivatives have been used
in surface treatment agents, emulsifying agents in polymer synthesis, fire-fighting foams, and so on because of
their high surface-active effect, high thermal and chemical stability, and high light transparency. After it became
clear that some of them, particularly, perfluorooctane sulfonate (CgF,;SO3", PFOS) persists and bioaccumulates
in the environment, international legal measures regarding the production, use, and import and export of PFOS
were implemented, and efforts to develop greener alternatives are advancing®.

Perfluoroalkane disulfonates ("OsSC,F,,SO3") are among the alternatives developed, and are being introduced in
electronics industry. If these new surfactants are to be widely used, waste treatment techniques will have to be
established for them. Although they are likely to decompose more easily than corresponding perfluoroalkane
sulfonates because the former have two SO3;™ groups, no one has confirmed that they do in fact decompose more
easily. If they could be decomposed to F~ ions by means of environmentally benign techniques, the well-
established protocol for treatment of F~ ions could be used, whereby Ca?* is added to the system to form
environmentally harmless CaF,, which is a raw material for hydrofluoric acid. Thus, the development of such a
method would allow the recycling of fluorine, the global demand for which is increasing.

Reaction in subcritical or supercritical water is recognized as an innovative and environmentally benign waste-
treatment technique, owing to the high diffusivity and low viscosity of these media, as well as their ability to
hydrolyze many organic compounds. Subcritical water is defined as hot water at sufficient pressure to maintain
the liquid state, and supercritical water is defined as water at temperatures and pressures higher than the critical
point (374 °C, 22.1 MPa). We previously reported that PFOS is not decomposed in pure subcritical water at
around :2%50 °C, whereas PFOS can be decomposed by the use of zerovalent iron as a reducing agent in the
medium®.,

Herein we report on the decomposition of a typical perfluoroalkane disulfonate, "0;SC3F¢SQOs, in subcritical and
supercritical water, in the presence of an oxidizing agent (O,) or an iron-based reducing agent (zerovalent iron or
FeQ), and the results are compared with results for a perfluoroalkane sulfonate, C3F;SO5", which is also used as
a PFOS alternative surfactant. An effective methodology for the decomposition of the perfluoroalkane
disulfonate to F~ ions is presented?.

Materials and methods

Dipotassium  1,1,2,2,3,3-hexafluoropropane-1,3-disulfonate  KO3SC3FsSOsK  (>99%) and  potassium
heptafluoropropane sulfonate C3F;SO3K (>99%) were obtained from Mitsubishi Material Electric Chemicals.
Reactions were carried out in a stainless steel high-pressure reactor. In a typical run using zerovalent iron, an
argon-saturated aqueous solution (10 mL) of "O3SC3F¢SO5; (14.7 umol; 1.47 mM) and zerovalent iron (9.60
mmol) was introduced into the reactor, and the reactor was pressurized to 0.60 MPa with argon and sealed. The
reactor was placed in an oven, and the temperature was raised to the desired value (200-380 °C) and then held
constant for a specified time, after which the reactor was quickly cooled to room temperature. We also
conducted control experiments in the absence of zerovalent iron, with FeO or Fe;0,, under O, instead of argon,
and with C;F;SO5.

Results and discussion

The results for reactions of "O3SC3FSO; and C;F;SO; in subcritical water at 350 °C and at a constant
reaction time of 6 h are summarized in Table 1. We observed F~ and SO,* as products in the reaction solutions
and CO, as a product in the gas phase. When the initial amount of "03SC3F¢SO;” was 14.6 umol (i.e., the
concentration in the initial aqueous solution was 1.46 mM) and the reaction was carried out under argon without
any additive (entry 1), most (99%) of the initial substrate remained after the reaction, and the yield of F~ [(moles
of F~ formed)/(moles of fluorine content in initial substrate, i.e., moles of initial "O3SC3FsSO5; x 6)] was 3%.
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This observation indicates that "O;SCiFsSO; was stable in pure subcritical water. To facilitate the
decomposition of "0;SC3FsSO5, we examined the possibility of using O, to induce oxidative decomposition.
However, introduction of 0.60 MPa (5.10 mmol) of O, did not enhance the decomposition of "O3;SC3FsSO5~
(entry 2).

Next, we investigated the decomposition of "O3SC3F¢SO;™ in the presence of zerovalent iron. Addition of the
zerovalent iron dramatically accelerated the decomposition of the substrate to F~ ions: when the reaction was
carried out in the presence of zerovalent iron (9.60 mmol) under an argon atmosphere, the amount of the
substrate completely disappeared from the reaction solution (entry 3). Simultaneously, the F~ yield reached 70%
(entry 3), which was 23 times the yield without iron (entry 1). Addition of FeO also enhanced the
decomposition of the substrate, although the enhancement was not as great as that observed with zerovalent iron:
the proportion of remaining substrate was 38%, and the F~ yield was 54% (entry 4). We also carried out the
reaction using CsF;SO;™. Similar to the results observed for "O;SC3F¢SO;, C3F,SO; was stable in pure
subcritical water: 97% of the initial substrate remained (entry 5), and the reactivity was almost uninfluenced by
addition of O, (entry 6). The decomposition of C3F;SO3; was enhanced by addition of zerovalent iron: the
proportion of remaining substrate decreased to 19%, and the F~ yield increased to 23% (entry 7). Although
addition of zerovalent iron accelerated the decomposition of C3F,SO5™ to F~ ions, the F~yield was considerably
lower than the F~ yield from the reaction of "O3SC3FsSO5; (70%, entry 3). Addition of FeO also enhanced the
decomposition of C3F,SO5; somewhat: the proportion of remaining substrate was 89% and the F~ yield was 14%
(entry 8).

Table 1. Decomposition of "03SC3FsSO; and C3F,SO5 in subcritical water

Entry Substrate Gas  Reducing Reactionpre  Remaining F CO, S0~
(initial amount, agent ssure substrate (umol) (umol) (umol)
umol) (MPa) (umol) [%]°  [yield, %]°
1 "03SC3FSO5~ Ar none 17.8 145 2.63 1.62 1.10
(14.6) [99] [3]
2 “03SC3F¢SO; Oy none 17.2 14.2 2.23 3.74 1.49
(14.9) [95] [2]
3 “0,SC3F6S05”  Ar Fe 17.4 n.d. 61.9+2.4 4.58+0.16 trace
(14.7) [0] [7043]
4 “03SC3F¢SO;  Ar FeO 175 5.68+0.08 48.2+2.8 1.3540.33  1.71+0.06
(14.9) [38+1] [54+3]
5 CsF:SO5~ Ar none 17.5 145 0.42 1.46 0.37
(14.9) [97] [0]
6 CsF;SO5~ 0, none 16.9 145 0.52 4.62 0.31
(14.9) [97] [0]
7 C,F;SO5~ Ar Fe 16.8 2.79 23.9 n.d. 1.12
14.7) [19] [23]
8 C3F;SO5~ Ar FeO 17.4 13.2 14.9 0.32 131
(14.9) [89] [14]

& An aqueous solution (10 mL) of the substrate and additive (Fe or FeO; 9.60 mmol) were introduced to the reactor, which
was pressurized with argon or oxygen (0.60 MPa) and then heated at 350 °C for 6 h.

® Remaining substrate (%) = [(moles of remaining substrate)/(moles of initial substrate)] x 100.

°F yield (%) = [(moles of F~ formed)/(moles of fluorine content in initial substrate)] x 100.

9 n.d = not detected.

Because zerovalent iron gave the highest F~ yields among tested, we further investigated the decomposition of
these substrates with zerovalent iron in detail by varying other reaction conditions. The reaction-time
dependences of the decomposition of "03SC3F¢SO; and C3F,SO5 ™ in the presence of zerovalent iron at 350 °C
are shown in Fig. 1la and Fig. 1b, respectively. The "O3;SC3F¢SO;  substrate disappeared from the reaction
solution within 1 h, and the decrease in the amount of substrate was accompanied by an increase in the amount
of F and CO, (Fig. 1a). After 18 h, the amount of F~ reached 71.7 umol (81% yield), which indicates that the
fluorine content in "OsSC3FsSO5 was successfully decomposed to F~ ions.

The decomposition of C3F;SO; proceeded much slower than the decomposition of "O;SC3F¢SO3: 52% of the
initial amount of C;F,SO5™ remained after 1 h (Fig. 1b) (the corresponding value for "O3SC3F¢SO5; was 0%), and
12% of the initial amount still remained after prolonged reaction (18 h). The amount of F~ increased to 39.7
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umol (39% vyield) after 18 h. However, the yield was almost half of that from the reaction of "O3SC3F¢SOs
(81%). We also investigated the temperature dependences of the reactions of these substrates at a constant
reaction time of 6 h (Fig. 1c and Fig. 1d). At 200 °C, almost no decomposition of "0;SC3FsSO5; was observed
(Fig. 1c). Substrate decomposition was observed above 200 °C and the substrate completely disappeared from
the reaction solution at 300 °C, while F~ formation increased with increasing temperature. At 380 °C, the
temperature at which the water reached the supercritical state, the amount of F~ reached 67.5 umol (77% yield).
We further prolonged the reaction time to 18 h at 380 °C, expecting that F~ formation further increased.
However, contrary to our expectation, the amount of F~ (64.3 umol; 73% vyield) did not increase, suggesting that
part of F~ ions were strongly bound on the iron surface after prolonged reaction time. Consistently, the XPS
spectrum for the F(1s) region of the recovered iron powder after the reaction for 18 h showed a dominant peak
around 684 eV, which can be assigned to negatively charged monovalent fluorine, F~. This observation clearly
indicates that F~ ions are present not only in the reaction
solution but also on the iron surface. The temperature
dependence of the reaction of C5F;SO3™ is shown in Fig. 1d.
This substrate was less reactive than "O3;SC3FsSO5 : almost
no decomposition was observed at 250 °C. When the
reaction was carried out at 380 °C, the amount of remaining
substrate was 0.84 umol (6%) and the amount of F~ was
34.6 umol (34% vyield): the yield was 0.44 times the F~
yleld of "03SC;5F6S0;5 .

To detect reaction intermediates, we analyzed reaction
solutions by LC-MS. When ~0O3SC3FsSO;  was
decomposed in the presence of zerovalent iron, the total-ion
mass chromatograms of several reaction solutions showed
two peaks: one peak that yielded signals at m/z 231, which
corresponds to HC3FsSO37, and one peak that yielded
signals at m/z 181, which corresponds to HC,F;,SO;™. The
presence of HC;F¢SO;™ indicates that the decomposition of
"05SC3F¢SO3 proceeded through cleavage of the S—-C bond.
When the reaction was carried out at 350 °C, the peak
intensity of HC3F¢SO;3™ increased during the initial stage of
the reaction and then decreased, indicating that the formed
HC3FsSO; decomposed under these reaction conditions.
While the peak intensity of HC3F¢SO;™ was decreased, the
peak intensity of HC,F,SO;5 ™ increased up to 6 h and then
slightly decreased. When the reaction temperature was
elevated to 380 °C, the reaction solution after 6 h or 18 h
did not show these peaks. These observations indicate that
one pathway of the decomposition of "O3SC3F¢SO5 in the
presence of zerovalent iron proceeded via formation of
HC;F¢SO5; and HC,F,SO; .

As described above, zerovalent iron induced efficient
decomposition of ~0O3SC;F¢SO; in subcritical and
supercritical water. However, the iron reacted not only with
the substrate but also with subcritical and supercritical
water to form H, and Fe;O,4 (Eq. 1).

Fig. 1. Reaction-time dependences of the
decomposition of (a) “O3SC3FsSO;  and (b)
C3F,SOj3 in the presence of zerovalent iron at 350
°C and temperature dependences of the
decomposition of (c) "O3SC3FsSO;  and (d)
C3F;SOj3 in the presence of zerovalent iron. For
the measurements of (a) and (b), an aqueous
solution (10 mL) of "O3SC3F¢SO5; 0or CsF;SO5
(14.7 pmol; 1.47 mM) and zerovalent iron powder

3Fe + 4H,0 — Fe;0, + 4H, 1)

Consistently, when the reaction of "O3SC3F¢SO;5 in the
presence of zerovalent iron was carried out at 350 °C for 6 h,

H, made up 42.4% of the total gas after the reaction
(corresponding to 3.21 mmol of H,), and the XRD pattern
of the recovered iron powder showed peaks that were
assigned to Fe;0, (Fig. 2b). According to Eq. 1, the amount
of H, indicates that 2.41 mmol of the zerovalent iron was
consumed by the reaction with H,O. This value was much
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(9.60 mmol) were introduced into the reactor,
which was pressurized with argon (0.60 MPa) and
heated at 350 °C for 1-18 h. For the measurements
of (c) and (d), an aqueous solution (10 mL) of
"03SC3F¢SO; or C3F;SO3™ (14.7 umol; 1.47 mM)
and zerovalent iron powder (9.60 mmol) were
introduced into the reactor, which was pressurized
with argon (0.60 MPa) and (c) heated at 200 °C—
380 °C or (d) heated at 250-380 °C for 6 h.
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larger than the initial amount of "O3SC3F¢SO3; (14.7 umol). In addition, the reactivity of Fe;O, toward the
substrate was low: for example, when we carried out the reaction of "O3SC3FsSO3™ (14.9 umol) in the presence
of Fe;04 (9.60 mmol) at 350 °C for 18 h, the proportion of remaining substrate was 74% and the yield of F~ was

20%.

Iron(11) oxide undergoes disproportionation to zerovalent iron and Fe;O, at higher temperatures (Eq. 2).

4FeO — Fe + Fe30, 2

If the disproportionation did occur in subcritical or supercritical
water, zerovalent iron would form in situ, and the formed iron
might be preferentially consumed by reaction with the substrate
than with water. To test this possibility, we carried out the
reactions of "03SC3FsSO; and C3F;SO; in the presence of FeO,
despite the facts that their reactivity at 350 °C for 6 h was lower
than those of zerovalent iron. As expected, the advantage of FeO
over zerovalent iron was observed when the reaction temperature
was elevated to supercritical state. When "0Os;SC3F¢SO; was
reacted in the presence of FeO at 380 °C, "O3SC3FsSOs3-
completely disappeared from the reaction solution and the
amount of F~ reached 79.5 umol (89% yield). This yield was
higher than the F~ yield when zerovalent iron was used (77%).
After 18 h, the F~ amount reached 82.0 umol (92% yield). This
yield was much higher than the F~ yield that zerovalent iron was
used (73%), and was the highest F~ yield among tested, while the
substrate was completely disappeared from the reaction solution.

The XRD patterns of the FeO powder before and after reaction of
"05SC3F¢SO3 at 380 °C are shown in Fig. 2¢ and Fig. 2d,
respectively.  After the reaction for 6 h, the recovered FeO
powder from the reaction mixture showed only peaks assignable
to zerovalent iron and Fe;0, (Fig. 2d), indicating that the
disproportionation of FeO to zerovalent iron and Fe;O, did occur,
and the zerovalent iron that formed in situ acted as the real
reducing agent for the decomposition of the substrate, because
Fe;04 showed low reactivity toward the substrate.

On the other hand, when the reaction of C3F,SO3; was carried out
at 380 °C for 6 h in the presence of FeO, the amount of the
substrate was 8.42 umol (the proportion of remaining substrate
was 57%) and the amount of F~ was 32.7 umol (31% yield): the
remaining substrate was higher than that of zerovalent iron (6%),
whereas the F yield was almost the same as that when
zerovalent iron was used (34%). After 18 h, the amount of the
substrate decreased to 4.46 pumol (the proportion of remaining
substrate was 30%) and the F~ amount reached 60.4 umol (58%
yield). This F~ yield was 0.63 times that of "O;SC3FsSO5 in the
presence of FeO at 380 °C for 18 h.

In conclusion, we investigated decomposition of "O3SC3F¢SO3"

Fig. 2. XRD patterns of the zerovalent iron
powder (a) before and (b) after reaction at 350
°C and of the FeO powder (c) before and (d)
after reaction at 380 °C. For the measurement
of pattern (b), an aqueous solution (10 mL) of
"03SC3F¢SO3™ (14.7 pmol; 1.47 mM) and
zerovelent iron powder (9.60 mmol) were
introduced into the reactor, which was
pressurized with argon (0.60 MPa) and heated
at 350 °C for 6 h, after which the solid was
recovered. For the measurement of pattern (d),
an aqueous solution (10 mL) of "O3SC3F¢SO3™
(14.9 pmol; 1.49 mM) and FeO powder (9.60
mmol) were introduced into the reactor, which
was pressurized with argon (0.60 MPa) and
heated at 380 °C for 6 h, after which the solid
was recovered.

and C3F,SO5 in subcritical and supercritical water. Addition of zerovalent iron accelerated the decomposition

of these substrates to F~. Although the reactivity of FeO was lower than zerovalent iron in subcritical water, the
reactivity was dramatically enhanced when the reaction temperature was elevated to supercritical state , at which
temperature in situ disproportionation of FeO to zerovalent iron and Fe;O, did occur. The perfluoroalkane
disulfonate "O3SC3FsSO3;~ decomposed more efficiently than CsF;SO;™ in the presence of zerovalent iron or FeO.
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1. Introduction

Photocatalytic decomposition of organic
pollutants is one of the promising method for
environmental purification. Most of the researchers
focused on efficient decomposition of environmental
organic contaminants under visible light irradiation
or indoor fluorescent light.! Oxide-supported metal
catalysts are widely acknowledged as important
catalysts that are related to versatile key in
photochromism, chemical sensing and photocatalytic
activity. Tungsten oxide (WQ3) acts as a ideal visible
light photocatalyst owing to its small band gap
energy (2.4 eV-2.8 eV) and high oxidation power of
vanlence band holes. But, WO; exhibits low
photocatalytic activity due its high recombination
rate of photoexcited electrons and holes. In order to
suppress the recombination of photoexcited carriers
and significantly increase the photocatalytic
efficiency, most research has focused to prepare
WO, doping constituent or WO, composites.?* In the
present study, we have synthesized PtPb/WO; and
PtAU/WO; alloy catalysts, demonstrated to exhibit
the efficiency for the decompostion of organic
pollutants under visible light irradiation.

2. Experimental

A simple one-pot synthesis approach to obtain
WO; supported PtAu catalyst is as follows. In the
synthesis, 0.5 g of WO3zwas suspended in 15 mL of
anhyrous methanol for 15 min in a two neck round
bottom flask. Pt (0.0075 g) and Au (0.0045 @)
precursors were dissolved in 15 mL anhydrous
methanol in the shielded vial uder Ar atmosphere
and transferred to the suspensions. Then, the solution
was stirred for 30 min to yield homogeneous color
soluion. Required amount of NaBH, in mehtanol was

injected into the suspensions. The product were
washed and centrifuged with anhydrous methanol for
three times and dried under vacuum. Similar
procedure was followed to synthesis the
PtPb/WOj; catalyst.

3. Results and Discussion

Figure 1 shows the TEM images of (a) Pt/WO;
(b) PtPb/WO3 and (c) PtAu/WO; photocatalysts. Pt and
PtPb and PtAu NPs are showed monodispersity and
homogeneity on the WO; supports. The average
particle size of the three catalysts can be ranked as
PtPb/WO;~ PtAU/WO; > Pt/WO;. The TEM results
show that the addition of Pb and Au increases the size
of NPs. Figure 2 depicts that the CO, formation profile
over different photocatalysts under visible light
irradiation time. PtPb/WQ; photocatalyst (1 wt %)
shows the higher rate of CO, formation over other
photocatalysts. The details about the characterization
and photocatalytic activity of catalysts would be
discussed in the presentation.
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Fig. 1 TEM images of (a) Pt/WQO3, (b) PtPb/WO; and
(c) PtAU/WO3 (1 wt % catalyst).
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Fig. 2 Time dependent profile of CO, evolution over

TiOQ, pure WO;, PUWOg, Pth/WOg and PtAU/WOg
(1wt % ) photocatalysts suspended in aqueous acetic
acid solution under visible light irradiation (A > 420
nm).
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In the past decades, enormous attention has been
focused on  semiconductor  photocatalysis ~ for
environmental remediation because it can utilize solar
energy to decompose various organic compounds in air
and aqueous systems. Titanium dioxide (TiO,) is most
widely studied photocatalysts because of its low cost,
high reactivity and stability. However, only 5 % of solar
energy can be use by TiO, on account of its wide band
gap energy. On the other hand, tungsten trioxide (WOs) is
a visible-light responsive photocatalyst with a narrow
band gap energy and similar valence band potential like
that of TiO,. Hence, a much effort has been made to
prepare WO; based photocatalyst for decomposition of
organic compounds.

In the present study, we have prepared photocatalysts
(Pt, Pt3Ti) by thoroughly mixed with WO; powder and
precursor in a mortar. We have already reported that PtsTi
ordered intermetallic compound is a promising catalyst
for electrochemical oxygen reduction and methanol,
ethanol oxidations.>? WO, loaded photocatalysts were
characterized by pXRD, UV, TEM and XPS. Further, we
examine organic compounds decomposition under visible
light irradiation over cocatalysts loaded WOs. The details
about the synthesis, characterization and photocatalytic
activity of catalysts would be discussed in the
presentation.

References

1. H. Abe, F. Matsumoto, L.R. Alden, S. C. Warren, H.
D. Abruna, and F.J. DiSalvo, J. Am. Chem. Soc., 130,
5452 (2008).

2. G. Saravanan, H. Abe, Y. Xu, N. Sekido, H. Hirata, S.
Matsumoto, H. Yoshikawa, and Y. Y.-Mitarai,

Langmuir, 26, 11446 (2010).
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3. G. Saravanan, T. Hara, H. Yoshikawa, Y. Yamashita,
S. Ueda, K. Kobayashi, and H. Abe, Chem. Commun.,
48, 7441 (2012).
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Bio-inspired f b il o 73 -3% &
(HZEIIR) BIHL AR

PSR It & [RIRRZRIRFN 72 5t T DRI K FEE A~ D fih
BRI RN D FEBLZ HEE L C, A% —3R T
BEBET D SRSy T-AhiBE s L ONR-FE A3 — SR SIS
i X 5 BEE LSS AR EE 2 B U7e. A e 4 ik
BAN &3 27 VT 2 KERAGIZTE 72 Ni il DB 5
AL, @RIFHRNL RO 5 FRREHIIL Ui
FOSHERIBNAIRETH D Z L ZH LM LT,
FRRININEUG « TEPERRFRGEIR -« [EE (e A fid i
hikichi@kanagawa-u.ac.jp (5| Hh 5 EE)

1. #% &8
ARNIZEB T B IRIEKFE~DOREZETRNSIE, E
28k - Hil7e EOER AR AR L & T AREBRESN
BESRIC L0 il S TN DL ISR DR B e RS R
X, FEEICSIRE L OE FRRERHIE S =48
BN (BB BIR) 70 6 72 B S MR &, 2 oA

ZEY &L SRS ZERNIC LY b2 b S b.
HE LI, TNOEFORMAETRY AN TR SH

To S RERIEDBAFE 2 HHF L T % . BARAICIING
”“/\%uxi (ZHED S B 22 Ol 2 oh & U 72 g1k
Oy FRMEDBRYE &, BEREATEL & SRRy T OB S
IS K 2 B B AR AR DB SE 2 HEtE L T DL A
T, B—RBIORE—R= v F VSRR
DTN IRBALBOSIZBE D RIS IS X, fik
BRI OBE L 70 2 &8 SR -3 K OE B
RS D RO F G IZ OV TR 5.

2. Ni B AfIEIC K D7 LA U ERIEBEFE D ARER
WA= F VR Ic X 2R EEmR (=
MCPBA) Z F (LA & 55 7V v DKL A3
IR S CREEIRAICHEEST T 5 Z LN S h T
WD U LEBER O = » &7 VBRI K 5 SR
BWTC, RUSTREEIERE SN TE LT, RIGHE
(ZBIT B ERRITHER DI % H 720 . ARBFZE TIIZiR
BLOEFAREZ R 2 2 & A HEEeF L— B
BN 12 A3 2 Ni(l)sEREZ VT, $5RD sy 1%
i & AR OB ORI, 72 5 QNSO RO
Rt - REICHE S SISEE OB 825217 o7,
AFNvra~khrozgl Lzl 5, 3k
R LV b C-HFE A MR 2L X =038 25k iR 3R
TOBILNEIIL LI Z D, SMIKRMIGARE ST

Ni o BICFAE L72iHMHRIC KV BOSH#EIT LT
WD Z LR SN, ERIRTO UV-vis X in

situ IR A2 ML OBRNC LV, LSS OEFE T
AT Ni()-7 2~ A3 Y R A O I E )
L7 2 & BICE T RICEE eSS L ETE
PEAA 2 72 CRy Bk 2 AT 52 LT, T

JVFR Y SERDBREE - 3 FREEREICREI L., 1
BE U727 2 LA VEEIR L ik 2 2 & OKE
(DU TR T B QSR BEGmrfiAT 2470y, B2
O C-H #EAMHET 2L X — DK E 12 L TG
TEMEREN R D Z RSN (K1), 3

OY@

- e T e O
o, N O

H—Bf.,N,N.ENi"i/ Y@CI - ﬂ
/\r/‘\

3
NR:N /\ R /07’@ OOH
/&\(‘kRs © Tp NI\O

RER® = Me;H (TpMe2) H abstraction
Me;Br (TpMe28r) 0-0 actication =
CFgH (TpCFaMe Hydroxylation via Ni-oxygen species

1. Ni(I)-7 > v A% VO S

3. EELEEAAEDERET

HHET ¥ REEEM A Y 2K B 57V (SBA
“NJIZKI LT, 72X L2 AT 582 () Y
NATFWVT I a7V 7 RISICE Y EE L%
(2 Ni(l)A A2 2 EAT 5 2 & CRllE L Al %
B L, mMCPBA Z bl 323 7wt g
{ESOSICH#EH L2, & 2 THIRICH 72 SBA-N3 I3,
Si(OEt), (Zxf L TIEE DB (7 A FHENVI, X% ; x =
0.5, 1.0, 2.0, 4.0) ™ N3CH,CH,CH,Si(OEt); Z ¥ L,
B L R DR ~— BV DIEE T TR E « B
KEETHZLICEVEELZLDOTHY, T4

DT LT AT Y FEOEMENRE Y T ) —
T AT IIVOHIABE X IZXVHEESHS. Zhic
X0 R E OB B ER S HE S DA, ik
HZAS O T EE( LSS R AREE D Ni JR 724720 O7
VI3 FEACTE PRI XBUAL B E B E N E W SR T LT
LEDZENELNE RS T, BALEIFI 72 [Ni(L)]*

HMTH-ThH, WHY R TIT L O L -
THRPEIEPEDSFEBL L7 DI L, - AR —R T,

EiEEI NI lméﬂtL@@%%ﬁT TRE o TRTEM: A
[Ni(L)]*" R T ~&$@#@wfbio_&ﬂ@ﬁﬁ
ToHHhThrEEZONS. *

1) T. Nagataki, K. Ishii, Y. Tachi, S. Itoh, Dalton Trans.,
1120 (2007); M. Balamurugan, R. Mayilmurugan, E.
Sureshb, M. Palaniandavar, Dalton Trans., 40, 9413 (2011).

2) S. Hikichi, K. Hanaue, T. Fujimura, H. Okuda, J.
Nakazawa, Y. Ohzu, C. Kobayashi, M. Akita, Dalton
Trans., 42, 3346 (2013)

3) J. Nakazawa, S. Terada, M. Yamada, S. Hikichi, J. Am.
Chem. Soc., 135, 6010 (2013)

4) J. Nakazawa, T. Hori, T. D. P. Stack, S. Hikichi, Chem.
Asian J., 8, 1191 (2013)
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HEF Ru il b T OFRRRKIAIR D> B DIKSE RS
(2B 1T DR O Ru RLFEED RIE T 2R

DEbH  klbE L LE
(FRNIR) HFE HE - HH

HEF Ru fiblit - COFERE KA D B O KFEAERBE
BT D, HIEORIES Ru K-8 &% OV FIRREN
FOSIZ BAZ T TN O THREF L2, NaY B4 T 4
NMZA A 2L T Ru 2 HEF L7kt <, B2k
MIZHEF L7 Ru SITR2RY, B TFF a2 RO
Ru ek -2 2E U, AKFEEROBRMEA [ | L7z,
NT =L« BATA b - KRR - B - KB
hikichi@kanagawa-u.ac.jp (5|52 ER)

1. #%

e~ 12 Ru filit T AcOH @ H,0 (2 X B IKIRIK
MSEIC W TG L TEb? U HEIC &
D AL L 72 Ru/NaY filii T AcOH-H,0 )i Tid,
ARIBITLOE FAREZ VD Z & T H,, COERMEN
f b L7z, AR TIZE AT A b ORI b BT
WCRIETRAEMI T 5729, Si0, AlOs,
Si0y-AlO;3 (= SA) & IR & 3% Ru fillit 2 FRBL L, &
fit oD RN & TR AR O AH BE & HElRRET L 7z

2. £ B&

Ru/NaY filtiii 31 A 2 22 ik (exc) L OV iR (imp),
RU/SiO,, ALO;, SA IZTEIRIEIZ L VR LZ(BL T4
fil i A PR A, CREFL T 5). ATBEIARIZIZ[RU(NH2)6]Cls
Z W, RuHEF &SRR AMAA BT wt% & L7z,
BT IT AR & /KB oot Ot 2 H L7, 1
vol% AcOHaq 80 mL (28 mmol ge. %)% SSIE#k & L
T, A7 L ABIA— I L—TH 473 K TG %
1TV, KB KRR X2 E TCD & 2 W) X
FID-GC THtr L7z, o Fx v 77 2 E— 9
YD, fLFW A EMH, B LT CORIE, XRD,
TEM, XPS, XAFS, CO W7 FT-IR Bl %17~ 7-.

3. HEREER

T2 D Ru i L CTOWFASISIZ R 1T D45 AR
DAERWIREE, BOG 10 K OFEfgEs b2 & O CO
W B (IR S A S o 72 Ru 20 B 4 Table 112
R, RiETT(as prepared) NaY(exc) % fififit & L 7=
B a I3 Hy, COp 2MRIRAYITAE R L, CHy DEIAE R 1T
Do le, ZORE, ROSHIEIC Ru O eI fsk3
% EEZ ONDFHEHNEB S . —HRIGHTIC
623 K T/KFEIEJCALEL 2 Jifi L 72 NaY (exc)=> NaY (imp)
IERIETTO NaY(exc) L ¥ & Ru OOBENMEL, =
AUD OIS T RN BN DD L ED CH,
NEIAE L. LLEX Y Ru R ONRETTIRIED
OEIRMEICEBEZ RIFL TCWD ZERNEZLLNT.
F 72 Si0y, Al,O3, SA TiE NaY L Y & Ru 23k 13K

bEUS b

gl - i

e S P HNh

i

c

<, CHy AR SN THDH 00, Wit
KIEHETH - 72,

BAIEIZ 31T D Ru OEFIREEE XPS 1T X 0 FHf
L7 (Fig. 1). X TOfBEIZ >N T, % (as
prepared) > & D &, ERSSAE LA L 473 K TO
KRFEIRTTE DO O % bl L. 5% O Sio,, AlOs,
SA T, Ru 3dsp BBICB W CHIBRAH kD B— 7
2N 282.4 eV IZELH S 17223, NaY(exc) Tl 280.9 eV
WCE—IBNER SN2 D, 43 RHITIY
NaY fERICHEF S N7 Ru FlIE, oK EICER
HEF SN2 DL IT R DB TRIEEL L 5 2 LDVR
a7, &5 473 K TOETLHED Si0, AlOs,
SA T1E 280.0 eV I RU(O)IZ I @ E 412 B — 2 2 @il
SINT=DIZxF L, NaY(exc)Tix 280.6 eV (ZE—27 8
BHSNTZZ 805, RUNDEICHEBEBLTHNDZEMN
BB E 72572, 728 NaY(exc) DIGAICE 623 K 2
T/KFEETLZMT &, Ru 3ds, BRI 279.9eV 227
ML, RUOFE L 72> T2, X o T NaY(exc)DEN
TR R, BBk Sz T4 UM Ru kL
FIEERDREA T A MEEIC LV LEkESh TS
HEEILND.

Table 1. Ru S HU% & SIS AR AL TR B DML R,

it SBE W Smmol g tht kR

/% H, Co, CH, /%(10h)
NaY(exc)? 84.1 2.2 1.4 0.3 28.7
NaY(exc)® 60.7 47 35 1.3 55.3
NaY(imp)® 24.5 3.7 4.0 2.4 85.3
Sio,° 13.7 2.6 1.4 0.1 8.9
AlL,O," 5.1 2.3 1.0 0.3 10.1
SA® 7.9 1.9 1.2 0.2 15.9

a: RET(SUGHTLERZ2 L), b:623 KIZ TKHFEETT.

3d, L% 3dy, 473 K E ek

280.9

<
I
©
39

Cls

©
=1
I¢]
N

Ru 3ds,

d) NaY (exc)

Intensity / a.u.

c) SA
b) AL,O,
a) Sio,
M 1 M 1 M 1 M 1 J 4 1 1 1
288 284 280 276 288 284 280 276
Binding energy / eV
Fig. 1. Rufiilitod> XPS A~7 K.

j

1) JkBE, PP, gnoR, HH, N, F 112 [BIAhEET
W2 A, 1E04 (2013).

2) BpyE, KK, EHH, PEE S 113 B S A,
2P12 (2014).
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Ru/AI203 fitlt % FHUNF- =& ) — LD CA LA ~DEEH K

;L\ ﬂ‘é Sn O) J\\jjl])(jq%
[

2R i1l

RU/ALO; filtlit - CoH= % /) — e C4 LB ~D
RSO 2 et L=, 5wi% Ru/AlLO; Tix, =4 /
— LIS DBAIGEE LT & 7T & KOS R
FOSIZE D AZ S FAEFM E D 0lZxt L,
4 )& L LCRe, Mo, Sn Z¥sH L 7= fillit C I3 lERsE —
FLOFRVEN A E L=, B Sn 2RI L7854
2, A X ORIENKIFICIH S, BT E
WP bW LT

X —)VEEHA O « Ru iRl - Sn sinzh 3
hikichi@kanagawa-u.ac.jp (51#1 H1ER)

1. #% &

AR, AMEROENRE S TRBY, BIRMZ
H % 52 1 72\ 0SS A~ A RWE & RS L2k
FEOGK TR B AR EH I TWD., F0—filL
LT, EtOH & JFUEHE L 7= d A M s Al 5 i oo fl 58
NS B D AHFSE T, $85 Ru filfi T EtOH
7> 5 ACOEL X° 1-BUOH ~D GR35, 5
& B O & et L7z,

2. £ B

RU/ALO; IZRIBRARTH D RuCls 2 AlL,O; f{KIZE
RERT2ZLICKVR- L. 5 RN
(Ru-M/ALOR)IE, JElCElsnag oD% AlLOs 1251,
J@EEJZ?&&: Ru %Jz/k (xﬁﬂéx_k ibnﬂ%bfl.
Ru OFHEFEIL 5wt%, Ru EHRMEEOE/LEIL 1
Ll AT L RBIG— R L— T il 0.15 g
ZEAL, 523 K T 2 h OKFEIETLILZ K
EtOH 10 mL B L ONEIEEME TH D RTh v
200 pL ZFINL, 473 K TRGZIT-> 72, KA KON
WAL EIICA— R 7 L—T N B E L,
ZTNZEN TCD-H 5 W X FID-GC (2L v fr L=

3. HREER
T X ) — )L Ol Scheme 1 (23R T
HEITL, HET D CALEMITE N T AT R
DT Z =k (path A) 7 /L R—/VROSIZ XD
7 7T v Ko —&Afk (path B) & CAMT
LEEZLND. 2O DORISITEED D\ IO
FE T CIEES N D 2 & D, RUIALO, I BT FeE

Scheme l. =% /—/L® C4 4[34\%,\@%;@@
CoHsOH (EtOH) 4+ gog = O

pathA i_ H2 path B- )\o/\ > )I\O/\
CH3CHO (AcH)— 4 AcH (AcOEt)
i -H,0
Y L2 _~\-CHO TR
CH4 +CO path C oH
4 (1-BuOH)

bEUS RmED Sl 0E DL L59 e )

BEAL - PR - AR SOER - NEE JH

-
Q

O LR SN D AR A I L=, Ru/AlO;
B L OV Ru-M/ALO3(M = Re, Mo, Sn)ofil iy %
B L7z & 2 A, MGAERDER X OE RFBARY
28T B RBIR T OEIRMEIT Table 1 IZ/R978 Y T
Ho7o. RulALO; IZ X B S TIX CHy B8 X
AcH N EARMTH-7=. B LT 5 C4{LEamIE
1-BUOH 73 11K T ACOEt DR EIT D 7 hs o 7228,
ZID CALEM D RFIRF I E O DB G 1T
SRR L P o Tz, Ko T RU/ALO, filifi |-

TIX EtOH 2> 5 AcH ~D il /KR BUG HETT L 7274,
AcH @ CH, & CO ~D o3GRS CO D A & Ak
OGN EICHEITT DD EEZBND.

—J7 RU-M/ALO3 12 K 2 il S0 Clk, M OFEFE
2L 57 AcOEt WEAERM L7220, CHy DERE
VERIECIA Uiz, HRIZ Sn 23RN L 7= filit Cixd
IRFBAERWIT ED D ACOEt DR 3 JF 11BN A
97 %IZEE L T . Fox ZEEIC Ir i~ — 4
BOWMZEVNVA ABENFEENDZ LT
AcH OT X —AbMEES LD Z &2 6T
LTWAR DY, 7 F4# Ru filiic s )T b [H
FRIC M 23U A ABRRRIE & U CHEBET 2 Z & T AcH
& EtOH oA v 7V o 7 X5 7' 45— Ab2ME
1 X4, ACOEt DIEINMEDH] EICERN 7= D L HE
HWEns. &vblF Ru-SN/ALO; I X % Ut Tl
H, DARE S Z <, BIGAIRIEFERITIH S
TT & & — /ALDMBSERNTHEST L Tz

Table 1. £#E Ru fitiftic kX 5= % /) — )L O#RHEAG
LB S FEA YR/ mmol
By B BIRME 1%0*
it TBE : RBIRFIERE 1%
H, CH, CO AcH AcOEt 1-BuOH
27 53 16 3.9 0.8 2.8
RU/A|203
— 177 56 261 124 38.0
142 00 00 05 15.1 0.2
RU-Sn/Alzog
—_ — — 1.6 97.1 1.1
18 18 02 20 6.7 0.4
Ru-Re/Al,O3
— 54 06 117 771 49
50 27 05 09 6.6 0.5
Ru-Mo/Al,O4
— 81 15 54 78.9 5.0
* fR R SR

) O W B (mmol) x [RFEEL < 100
TE A BE 7 AR T O R FE 4 (mmol)

1) K, =/, HH, WEE, F 110 BAESES

A2D14 (2012)
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FRABEMREMESE BEEITFT— (KRR ¥ —FHHE)

VT PE VAR 1 R D AR TENE I B R SR
(FRARNRER) LUATE KR « O/NRESE « JITRFEDE - AT K

H &Y

IR, EEMOBERR E U TRERRSPNIER SN TS, BEOFIE LT, 7rvY
T A A K0 B S iu7z Halichondrin B Z5t & U TR A DOF N TH % Eriblinl2! 73
AR S Eifisivic, 2D X 51, WHERRYD O OAEYIEEME ORRITEKY — R~

EENRDAREMEZ RO TV D,

— T, T < OATEEIEROIRK & 72 572D BRI IBIRIES TRITEN K
DHILTND, FABITANRIBFIEE 702 ) — MeAM ARt 2 BRY T, AHE EER R
2B NENHIIA b % PR 3 2 TS M 2 FEEE AL B DIRR ik 7 T,

Tk AR
FHE S RIS TR LT RRIEE B A BK A & 2 — /W Thlt UL LAl & g
TFIVE EKIEIZS \ﬁauto AHEEZIBICODS Y U AT N AT Ara~x NI T 7 41—
£V 5 ODBESFIZHE LTz, D 60%EKAZ ) —/VEFIZIT 3T3-L1 Mldizxf 4%
REM AR (LB TE HE A R CE 7272, Bﬂiﬁfﬁié”?ﬁ*ﬂgk L CHftEE ik 7 v~ K7
T 74— KRR EITV, 3FEBEOLEYZ HEE L 7o, HEEL 72 /bAMITEEAT F L
X1 @ﬁﬁ’fﬁkf?ﬁ)é EHEE LTz, ZOLEWITHHIEEYE Cd 5729, Yoshinone
g LTz, Fiz, D OB WX Yoshinone A OXEBZIA & HEJI S, KFEARY
MV DHEEN S Z O HiRE 2 X 2 O X ) ITHEE L7, 246 1% C8 (LIZI Uy TALREMER
DORI%RIZH Y . Yoshinone B1, B2 &4 L=,

X 1 BB L X 2 HiffE L

F 72 . Yoshinone A |2 DWW\ CIEBEERARF R AKMITE CHIZITFRFFCHBES N TEY |
EWEMEE SO, HIFIL TV PETH D,

[1] Y. Hirata and D. Uemura, Pure Appl. Chem., 1986, 58, 701.
[2] S. Newman, Curr. Opin. Investig. Drugs, 2007, 8, 1057.
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FRFEM  Bi 2014 é%ﬂ<%EjKEE
W ELZ T A v STz KRG+ D A Rk 38

(FhZs N RE)  O8AR  HEKES - P22 - JINIRGETE - AT - (WHE - BA KRB
1. TR L HB
E#RrEUMOMETERT L2704V A4 A (Hali-

chondria okadad) in b 1%, WEICHE DA IEENWE T o

% Halichondrin BO HEERN S E SN TWD, ITHE, REF D

WMAEMERMOBETERE LCZOEEMEOL SR L T2 N\ _NH
AEE)ANTATIY RO FERERSh N5, X N

MR TIE I, I DA A CDOBREFOKEDICT 7 & A
THFRELELT, A% %5 7 Aik% v CTHalichrome A% HAf Halichrome A (1)
TLHZ LI LR, BX A2 R— &% FF OBt &% Halichrome A1) X35 A 0 4 57
T, B16#A 7 / —~ o xh L CHFELE R M %2 R L TV 5 (ICs = 30.9 ug/ml), AHFZE T i
OB AE MO R A RIE RS T AL EANET S, £ AV F— A B EREK

ELTEEERELEBEROEMFIEDOHNICE > TYWE A2+ &AL, IR < AWiEEICHB
A LT, HRER) - RELCOMEEPELIZELAMNELTWVS,
2. HiE - RER

A =2 X0y T T 2BEBEOBILER T, £ U UVEBRO 3MITHNLE= L
FEMAT L, 0%, 127 a7 o — ARSI HWTF AL EEZEAT ST
ETHd, BEMTIZ, oy 7V T E£TiTo 7=,

SnCl4 3] ox1dat10n[4]

T \ L / \ NH

IZ

SeO,

5 Halichrome A (1)

[1] T. Abe, F. P. Sahin, K. Akiyama, T. Naito, M. Kishigami, K. Miyamoto, Y. Sakakibara, and D. Uemura,
Biosci. Biotechnol. Biochem., 2012, 76, 633-639

[2] T. Abe, A. Kukita, K. Akiyama, T.Naito, D. Uemura, Chem. Lett. 2012, 41, 728-729

[3] Gregory. D, Pascale. L, Nabila. A, Sylvie. M, and Xavier. C, Org. Biomol. Chem., 2011, 9, 7780-7790

[4] J. C. Qiu., P. P. Pradhan, N. B. Blanck., J. M. Bobbit, W. F. Bailey Org. Lett.,2012, 14, 350

[5] Yahua. L, William. W. McWhorter. Jr, J. Org. Chem. 2003, 68, 2618-2622
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FHBMEREFESE BEEIFT— (KX Z—FH)
BBk O AMIEEYE O R R
(BEJIIRE) O AR - KE&EA - FAME - LA K
1. HFREHW

VoI Y X Fx 7 ELHETIMBEREBEIT, HRLEOXGREDNE LT KK
WEDZEFEICHRET2HMREBEH L L, MBEEREIXT., BRCEVWREHLS ®EICEEE
HRRE SN TEHEO 2R A —n - RV =T Vb EWEELET D, ZThbidE LAY
HRDOILEWIZITARONRWBETHY | EFICHWVWAEMEERLZ RT3 HD, B
KA+ TlE 72V HA, Symbioimine?, Neosymbioimine27g & @ BLERE WIEME 2 R 3/LA W
HLHEERSE SN TWD, —J. GSK-3p (glycogen synthase kinase-3f) (X7 1 U f51A)
M) /AL =0 F T —BOOLOTHY, ZOBELZRET 2ILEWIZI VR EDK
BE o BoRE R v
b & BHL5E L . £ 40 fa 38 % Bh
TEZEZDLND,

A ZE TR HE B B ok o
GSK-3BFH 5 1% Mk 2 7= 3 $r #
AR F OB L OCAEMIE
WREMAEEME T 5,

Symbioimine Neosymbioimine

2. Hik R

WA D GSK-3BMEHEMRBOMBREZEEE L, MAEENTHREESI AL TV L IREE
WD R NS OWMMBE LR E ES ¥4 T OWKKEMIAF %2 2% RN L 7= W Ui K & 55
ME L CREEEZTo-, BONT-EAEEZ 80%F k¥ /) — /L THH L, it F 1L &
KTHB L, HE%EDOKBICK LT GSK-3pMLETEMERBRZIT o726 E. Kb F LV H
KROWMMEEBROF - F LVBICHEEEN RO, ZOFB=FIVE%E G3000S 7 v 7
Thu~w T T7T7 4 —I2K0 5D EL, FESICK LT GSK-3pFH F & MR B 4 17
Sl ZA = VESGICHEFEENR N, =% 2 —/VHES%Z PLCIZE > TE5H
25D Lz, ZO5EpITZENEND GSK-3pERMEEZ R LT, 22T, =%/
—VEZICOWVTH OB EELE L TERKAZ ) —EAFH Lo THIEEZIT- 72,
BoNTmEG KAL) —VEBLOAFY UEICONTEH GSK-3pMHEEERBRZITV., =
DIEMERBR ZEEICHW O HPLC Ik 28622 M 2Rmatdh b 5,

1) M. Kita, T. Koyama, K. Yamada, T. Matsumoto, K. H. Lee, J. T. Woo, D. Uemura,
J AM. Chem. Soc. 2004, 126, 4794.

2) M. Kita, N. Onishi, K. Washida, M. Kondo, T. Koyama, K. Yamada, D. Uemura,
Bioorg. Med. Chem. 2005, 13, 5235.

—473 —
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Lyngbyacyclamide A 35 X (8 B @ 4 & [k Aff 58
(FRZSJIIREL) OURBESEM, - AR E - ¥ HBR - JLd A - LA K

1. BRY HEHO—FTh D Lyngbya BT8R )72 AW HOW_~
MR R T RREEN £ EA T I L T BT J:jﬂﬁéwHﬁhc
%, lyngbyacyclamide A (1)3 X OV B (2)i% 2010 #1124 OHN \;
WF 78 % F 6 1T K o TV B # Lyngbya sp.7» b HLEE S 7 oﬁH o ¢ oo NH
EHHBRFF AT FEThE, CNHEEKOR fjﬁ“&w Wif
W7 JBEEH. BlE v U ARAT ) — <l L on N
THRALMREEEZ RS AT, 779427 iR
Wt LTI E A EHFBEEZ RS RN LW LN E R ZR
ofwé”obﬁbﬁﬁ%\ﬁﬁziorﬁghéf o g ey
KW TH Y . S5 AR 5 MEOMIICIZARIC Jlfogﬁm°yomszm
LGN METH D, YMHEETIEIZ, 402507 7 " Q
J A v N&AR L. lyngbyacyclamide A # 2& T 5 HEJ);C\'(H,,,&ONM BHNQQZFH
S KRB AT o TE R D, KBFE T °
lyngbyacyclamide A B X OB OEAMEERK L., &M 3 4R
s 2 WREICT DI EEHNET D,
2. J71& lyngbyacyclamide AB X OBOAETZZ 7 A PZBWTETFTDO®Z AV MIZH
FAFHIXTF R 0GKERARZ, EHE7 A MIBWT, YXTF K 6, 7 % Boc
DK% (2R,3R)-Boc-B-OH-Asn(Bzl)-OH & D&% T, FU T F K 8,9 & L7, £/,
AR L729,10 % H W THE A 217\ lyngbyacyclamide BO A 7 7 7 A hOAFH T F R
5AM LI, £, AT I VBOMEIZLVETZ I 7 A M3 bAEKLTWD, £
NG 3,5 2MALEMNTINTF RILIZT D005 MEHRFNEIT- -,

R

R _ TRA

Wi DR e e XY ¢ i j(

o7 oa,
3. MR m
K7 I ORI & R LIS D R Htﬁwf mmc"
EhFNE o7, THIEHAET 2B O REEIC X > T (?/ Qijw
BPETFTLTWDEEZXOND, SRIBZLEDOT T T A b
EVL ONOES AL MISTHET D B0 Gt & BT Iin
HUERD D, -

1) Maru, N.; Ohno, O.; Uemura, D. Tetrahedron Lett. 2010, 51, 6384-6387.
2) HEH BB AR R TR T BE B 050 B B B LR SC (2013).
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Synthetic study of halichrome A

(Grad. Sch. Fac. Sci., Kanagawa Univ.) OSUZUKI, Yutaro ;
ABE, Takahiro ; KAWAZOE, Yoshinori ; WATABE, Taeko ;: YAMADA,
Kaoru ; UEMURA Daisuke

Keywords: natural products, marine cyanobacteria, HeLa cell

Abstract: Halichrome A which has the bis-indole structure was isolated through
metagenomic research project from Halichondria okadai.
It is a yellow pigment and shows significant cytotoxicity
against B16 mouse melanoma cells. To make

biosynthesis clear, we have carried out synthetic study of

halichrome A. Moreover, we will report significant
cytotoxicity of the synthetic intermidiates. Halichrome A (1)

Halichrome A O & EiFZE
(FRE)INRBEEE) O  (EARERR « B[S 2272 - I S48 - 18 £ 1
< UHE - B K

Halichrome A (W)IZ 4R E T aAf I A A b A X T 7 KNEE N
THEESNIZE AL v =G E2 B OHBLEm TH D, S HEHRE & fif
3272012, ZOFHUCEM ORI ERIELZ ST 52 & &2, Rit%E
DOHIIE TS, F£7-. Halichrome A % & R7 %ilafe CTHZA R AR D B16
YU ARAT ) =R T DR AT TR, EERRO b, 20
ZEnn, BRTHEOERIKAEZGKT D2 & T, B RERY — Meaw
AR LTS, BEIL, 2 BREHBLITEDDOEEEZAEK L TND, HHD
U, A F—=VEINMICHELZLWMEZ W5 Z & T, Halichrome A ®
AV R VBEOINRE NV EREETEDHEEZTND,
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Synthetic study of lyngbyacyclamides A
and B, cyclic dodecapeptides

(Dept. Chem., Kanagawa Univ.) O HORIKOSHI, Miho; GOTO, Hiromi;
MASUDA, Shun; MARU, Norihito; UEMURA, Daisuke

Keywords: natural products; total synthesis; cyclic peptide

Abstract: Lyngbyacyclamides A and B are cyclic dodecapeptides that were isolated
from the marine cyanobacteria Lyngbya sp. These natural products contain many
uncommon amino acids and show significant cytotoxicity toward B16 cells but not
toward brine shrimp. In the current study, we carried out to achieve the total
synthesis of lyngbyacyclamides A and B that are cyclized from linear
dodecapeptides.

Bk K5 427 F K lyngbyacyclamide A 1 XU B DA 5L
(FRZSINRER) Ok LM - 2k Fhs - M

Mz . 3%[4 $B/\ * J:ﬁ‘ j(fﬁ Hi:ﬁ/ o Hj((&
B0 — i 5 Lyngbya JBIL8R 1) 70 L Mol b FCbAW RIS

AT RIEPE & AT Z L T BT ”j* (toz;“

W%, lyngbyacyclamide A (1)3 X U8B (2)1% 2010 "N 'o Ne Ay I “‘fj’“
R\ ZHEEERETE Lyngbya sp.7» & HLfE S U= Bk K M A
FTHARTF RThD, ZNHITEHORFET 3 2 RooH

JBEGH, 7T ARAT ) —<HfE(BLO)IZ K LT st Ao — 0
T, 794022 A LTURIEE A EFEEZ RERWNWZ EBH LN E

o TWD D, L LAans, HEHC L > THLN L REDIIMETH Y
S 572 5 BEEE DRI ITA RIZ ctéfﬁ%‘b‘i»\g’é%é ZIKEJ?%ET“

lyngbyacyclamide A 5 X OB O&AkZEK L. &G %2 752 L
ZHE L, YMFEETIIELAD2 OO T T 7 A R /\j‘T/\JﬂZL [
RT I XTTF ROGRERTZE ZAGLNTEFDIT DTN TChoTe, £
ZTC.T7X /o Fux o Bnfri# g B 2 RWSRFRFT 21T > T D,
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Reduction-activatable protecting groups
for the synthesis of pro-oligonucleotides

(Fac. Eng., Kanagawa Univ.) OSANEYOSHI, Hisao; IKETANI, Koichi; KONDO,
Kazuhiko; HIYOSHI, Yuki; OKAMOTO ltaru; ONO Akira

Keywords: Reductive condition; Protecting group; Pro-oligonucleotides

Abstract: Oligonucleotide derivatives such as antisense oligonucleotides and
SiIRNAs have gained a lot of attention as potential chemotherapeutic agents. Their
highly specific hybridization to mMRNA can selectively inhibit gene expression.
However naked oligonucleotides do not cross the cell membrane due to the
polyanionic nature of phosphodiester back bones. One possible strategy to improve
cellular uptake is a pro-drug concept that is the use of masking of negatively charged
phosphodiester moieties by biodegradable protecting groups. In this study, we
focused on the development of reduction activated protecting group and assessed

deprotection properties in oligonucleotides.

MR P I Te e TR FTRE R PRGEEL DB & T A ) X7

FF R ~D &R
(MENKLD) OF®H WE-they - —Z-BE tha- A 2.
/NEF AR

BIRIERIL, TV IR 7 VAT R BRI LT OEELOBRKRTH D, L
MUIRRS, AV IAR7 VAF N (GREERR) 13, - U RNy 7 R—r
FiZEBoAEREA L TEY . MlaEEErE 2 5 TRWRER 2 2 T
W5, EDIRRRD =270 BTy 7F Y AR 7 LAF R(FrAt )
BB TS, 7uaAdl xRy AT AN RES LT DT
O, BERSHREAEGMER S P TEETH D, £z, AEWmERTR
WIZ D IEMPE DI 2 B 5, ABFFETIE, U IRy = 2T VEMLOMR
LRGN, AL TOA A EREI LI L2 WiET 5,

Copyright(c); 2015, The Chemical Society of Japan
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Photocatalytic Hydrogen Production from
Water using Ortho-Metalated Tetranuclear
Palladium(ll) Complexes

(Kanagawa Univ.) OYAN, Yin-Nan; KAWAMOTO, Tatsuya

Keywords: Palladium Complex; Ortho-Metalation; Hydrogen Production; Complex
Catalyst

Abstract: In order to develop new water reduction catalyst, tetrakis[2-(1-naphthyl
-methyleneamino)benzenethiolato-C,N,S]tetrapalladium(ll)  ([Pds(1-nabt),]) and
tetrakis[2-(phenylmethyleneamino)benzenethiolato-C,N,S]tetrapalladium(I1)
([Pd4(phbt),]) with ortho-metalated tetranuclear structure were prepared. % It was
found that the catalystic system composed of a photosensitizer, a complex catalyst,
[Pd4(1-nabt),], and a sacrificial reagent shows high activity for hydrogen production.
The catalytic activity of the palladium(ll) complexes for water reduction will be

discussed.

Fv b A X NACIEE R T o A(NEEIRZ R L 72K D YeiE e IX
/L\

(FpR)IREL) Ot w15 - A E

KOFEITEFIT L D KFRIEEZ B & LTz RESERDBIE D714 L
N A B AL T 2T L) EER T & 25 [Pda(1-nabt)4] 35 & TN [Pda(phbt),] % 1E
B 7= 2 [Pdy(1-nabt)g] Z il & U ORI & Bt FI A S e~ L F o
W= AT LRI UToKOIGRE TN K KRB AEZ AT L Z
AL B OARBEEE S S 7z, M HIE, [Pda(phbt)] b & D 7237 27 A(I)
SERDMBLEIC OV TR T 5,

[1] T. Kawamoto, et. al., Inorg. Chem., 1996, 35, 2427.
[2] T. Kawamoto, et. al., Inorg. Chim. Acta, 2003, 348, 217.
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Visible Light-Driven Hydrogen Production
from Water by Non-Innocent-Type and
Schiff Base Nickel Complexes

(Fac. Sci., Kanagawa Univ.; Fac. Sci. Eng., Shimane Univ.) OINOUE, Satoshi;
KATAOKA, Yusuke; HANDA, Makoto; KAWAMOTO, Tatsuya

Keywords: Hydrogen Production; Nickel Complex; Non-Innocent; Schiff Base
Abstract: Non-innocent-type nickel complexes obtained from Schiff base nickel
complexes with N, S donor atoms are redox-active species which are able to transfer
two electrons, and it has been found that such non-innocent-type complexes exhibit
high catalytic activity for visible light-driven reduction reaction of water. Herein, we
report equilibrium relations between the non-innocent-type and Schiff base nickel
complexes with different substituents and effect of these substituents on the water
reduction of nickel complexes as catalysts.

oA By MBIy 7R = VR A BN T AT G
12 & AR DK FEHLE

(PN REE s BAR KR AH L) O #r-H th-m =E-JIIRK =
H,

N,S KT —Ji7a2GT 5y 7=y R VoD 2 A4 7Y
NMll= 7 VEERIE, 2 BTBEINATRERBLECEERETHY, T L)
2 oAy MRIBEKIIOK O RIIEIZ K D& IT RS IZ 30 T OIS
AT ZENRMEINT, T TCRELIIERIERIEEETD ) A/
v NRE vy TR = VBRI T O EAGR Sl L L C o= » v
ROKDBILEINZ I 1T B E N HEBILOHRIC OV THET 5,
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Nickel(lll) Complex for the Conversion of
Superoxide into Molecular Oxygen

(Kanagawa Univ., Shimane Univ.) O SHIMODAIRA, Takashi; KATAOKA,
Yusuke; KAWAMOTO, Tatsuya

Keywords: Nickel Complex; Sulfur-Containing Schiff Base; Dinuclear Structure;
Ni-SOD Model

Abstract: Several nickel complexes obtained by heating a sulfur-containing Schiff
base complex with fluorine atoms at the ortho positions of the pendant phenyl
groups have significantly different properties from one another. Especially, a
sulfur-bridged nickel(111) complex composed of N,S, square-planar units exhibits
similar features to nickel-containing superoxide dismutase (Ni-SOD). Then, we
have expected that it catalyzes the conversion of superoxide to molecular oxygen.
In this presentation, we will report the catalytic behavior of the nickel(111) complex

in the oxidation reaction of superoxide ion using potassium superoxide as substrate.

BRI & o7 TIRERSR ~ L 2y D= v () $hik
(AR IIRER « BARKAIET) OF¥ e Jrld #fr - SR

M7 = = VHEDOF )V MLZ T v BT 2 BT 550 THRE= v 7 VEE
REMAT D Z Lok, MWENE L B2 EEOERIM SN, 0D
1T NSy i IE T oM E 2 A 9 D28 = v 7 v () $5iki%, =y 7L
ETRB b R bR (Ni-SOD) & HEEIOME 277372, BEE{k )
5o TIREER A~ OEBIAMENER 2~ 2 E AR SN2, AR T, Big
BV oLz EHE L THWBEBILY A 4 ORISR T 5=y v
(D) SEROFRIEAE I OWTHRET D,
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Synthesis and molecular structure of
open-Dawson POM dimer containing ten
indium cluster

(Kanagawa Univ. Fac. of Sci.)) O INOUE, VYusuke; OHTAKI, Takuya;
MATSUNAGA, Satoshi; NOMIYA, Kenji

Keywords: Polyoxometalate; Indium; X-ray crystallography; Open-Dawson type
POM

Abstract: The open-Dawson polyoxometalate (POM) is dimerized species of the
tri-lacunary Keggin POM, [a-SiWe034]™ linked by only two W-O-W bonds. The
open pocket of the open-Dawson POMs can accommodate multiple metals, and
therefore, this class of POMs constitute a promising platform for the development of
metal-substituted-POM-based = materials and catalysis. In this  study,
indium-containing open-Dawson POM was synthesized by the reaction of
[0-SiWoO34]'% with indium chloride. Single-crystal X-ray analysis revealed that two
open-Dawson type POMs containig two Indium(lll) atoms are bridged by hexa
indium(I11) cluster, forming a dimer structure.

AT ANI0 B2 7 A% —% 5 A3 % open-Dawson HU7R Y 7
XV AHXL— h T EIROERK & i
(R EE) OF EfESr, KiEEM, KGR, B =]

2 S0 Keggin B = K4BFE [0-SiWg034]'" 728 2 AD W-O-W

FEE DI TEAE L7 open-Dawson T POM 238 ST

%, ZOPOM OB NEBICITEE O &R EZBEATE 5, _ _ N

. 10- _ Fig.1 Indium-containing

AWFIE T, [0-SiWe0s4]™ & INClh Z )G S5 2 & T open-Dawson POM
A > L(IN)E A open-Dawson 7! POM (Fig.1) & 457-, BafbSh X R iR
HrofER, 2 504 27 A% NEL L 7= open-Dawson %! POM [F] =% 1 >
VUL ()6 TAX—THE LT B THDHZ ENHALMNE o7,
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Hydration of Diphenylacetylene Catalyzed by
Phosphanegold(l) Cationic Species Stabilized
with Polyoxoanion

(Kanagawa Univ. Faculty of Science) OARAI, Hidekazu; HATAYAMA, Akifumi;
YOSHIDA, Takuya; NOMIYA, Kenji

Keywords: Phosphanegold(l) cationic species; Keggin-type polyoxometalate;
Catalyst precursor; Hydration; Diphenylacetylene

Abstract: A mixture of phosphanegold(l) complex and Keggin-type
polyoxometalate (POM) was used as the catalyst precursor for hydration of
diphenylacetylene. Monomeric phosphanegold(l) cationic species stabilized with
Keggin-type POM was catalytically active species. Reaction mechanism of this
reaction was discussed.

NV AT =2F L TRENMSNIEARAT 7 ()T A iz
fillftr L= 7 2= T F L OKFIRE
(FZRNREE) OFrH FHFo - il szs - 50 0t - g e

(0]

RAT ek [Au] cat. . )k/
e - T Ph
Keggin FIRY A% A X L 1,4-d|ox%r2)e/OVéater (4:1) oh
N Diphenylacetylene Deoxvbenzoin

— NEPAN y

) (POM) DA ) % AR Table 1. Results of catalytic reaction
AR L7 7 == T T Catalyst (E:c\)(r;;/:zc;si(c;:)

N { NEY A = 0
b DARTABIG DRREIE L2 17 [{AU(PPh3)}4(11a-O)a[a-PW1,040]5 (1) 93.7

L7z, Keggin B POM TZE | H{AU(PPha)}a(ua-O)H{AU(PPho)}s(1i5-O)}]

89.0
fESh B DR A7 7 4 (1) T 594
7 F A L FE[AUPPhs)] " RIS 2+ NaBF, 8.4

N - - . [Au(RS-pyrrld)(PPh3)] (3) 0.5
‘ﬁ%EVG D EEWHMIC L7 Reaction conditions : Catalystz 0.01 mmol (0.7 mol%),

- L epprg pr . Additives 0.01 mmol (0.7 mol%), Diphenylacetylene 1.50
— @}im@}im%ﬂﬁ%%% L7 mmol, 1,4-dioxane/water = 4:1 mixed solvent (6 mL), N, 1 atm,

temperature 80 °C, reaction time 24 h.

—493 —



BARCFRESEFEFER BRAKRFEIZEM MiEFrr /IR

Introduction of the organic functional
groups to open-Dawson POM using silane
coupling reagent

(Dept. Chem., Fac. Sci., Kanagawa Univ.) OHARA, Daichi; NOMIYA, Kenji;
MATSUNAGA, Satoshi; INOUE, Yusuke

Keywords: Open-Dawson type POM; Carboxy Group; Phenyl Group;

Organosilyl Group; Inorganic-Organic Hybrid Compound

Abstract: An organic components can be introduced into the lacunary site of the
lacunary POMs by silane coupling reagent, resulting in the formation of
inorganic-organic hybrid compounds. However, no example of inorganic-organic hybrid
compounds based on the open-Dawson POM has been reported. In this study, the
open-Dawson POM-based inorganic-organic hybrid compound was synthesized by
incorporating organic components having phenyl groups into the open pocket of

open-Dawson POM. The molecular structure was determined by X-ray crystallography.

oY TR E - open—Dawson R Y A X H L
— h~DOEHEREFEDEA

(FpzR)IERER) OJft Rt - B W] - Aok G - JF B HEST

RABRIAR Y B (POM) 34 DY T vy 7Y v~

THIZHWD Z T, KB r XY UG % f}ig{il((Hzomz 1,0- 1 W 15066 {O(SiPh),}
It L CHHAZ BN UER-G8 177U v F POM

AT HZ ENHKD, EFEHE ZH7c open-Dawson ! POM (2 & % DB
OFICABIZ EAFRE L Z X O 50N, ZHIVE TITHEFIT RV, ROF5E
Tl&., K'ZWN4a L7- open-Dawson ! POM & 7 == VA2 HTHL T v

TV TRIORIEN D, O a3 oA E N LT o = VA EA
T2 LTI LT, X BREEMRTN B 4y RS 2 R E LTz,
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Mn-containing Open-Dawson polyoxo-
metalate

(Dept. Chem., Fac. Sci., Kanagawa Univ.) OMATSUNAGA, Satoshi; INOUE,
Yusuke; NOMIYA, Kenji

Keywords: Polyoxometalate; Mn; Open-Dawson structure; X-ray crystallography
Abstract: Mn-containing open-Dawson POM was synthesized by a reaction of the
open-Dawson POM containing K* ions with Mn(OAc), and KMnO,. Single-crystal
X-ray analysis revealed that three Mn ions and one K ion were included in the cavity
of the open-Dawson moiety.

Mn %3 A L 7= open-Dawson IR U A4V 2 # L — h Ok &
B

(Fh)IREE) Ok G- JF B TS - BFE0 W]

A, =20 Keggin B = REHENMEA L -

open-Dawson 7 7% U g i (POM) 728 #t & = 41 72

Open-Dawson %! POM X RERBROEE AL, £~
KRK6MEHETOEBAA L ZEINTDHENTE D,

AIFZETIZ, 3 2D Mn A A ZBAREIZEA LT

open-Dawson 7 POM  [KMn"';Mn"(OH,)2(u-OH)s

(SizW15066)]' (D) DA RLITHLE) L, Z Ok & 4pic -

WTCE T2, KA A2 &2 NEL L7z open-Dawson L POM  Fig 1 The structure of 1
& Mn(OAC); & KMnOy Z s SE5Z & T, Mn A4

> % & te open-Dawson POM (1) & Gk L 72, X SR AT 0 #& 5 open-Dawson
I POM DB EIZ Mn A A2 R 3 D& KA FUN L DEAINT-HEETH
L2 EMHBNEIR STz, BVS HREOKER, 3 2D Mn OfifixE i 3+,
3+, 2+DIRG IR FRE TH D Z L AR STz,
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Synthesis and molecular structure of dimeric,
tri-titanium(IV)-substituted Dawson

polyoxometalate bridged by two Cp*Rh groups
(Fac. of Sci., Kanagawa Univ.) OMATSUKI, Yuhsuke; HOSHINO, Takahiro; TAKAKU,
Shouko; NOMIYA, Kenji

Keywords: Monomeric, tri-titanium(IV)-substituted species; Dawson type polyoxometalate;
Cationic organometallic species; X-ray crystallography; Cp*Rh group

Abstract: Dimeric, tri-titanium(IV)-substituted Dawson polyoxometalate bridged by two
Cp*Rh groups was synthesized by a reaction of monomeric, tri-titanium(lV)-substituted
Dawson polyoxometalate and [Cp*RhCl,],. The product was characterized by X-ray
crystallography, elemental analysis, FT-IR, TG/DTA and (*H, *'P, *C) NMR.

—O@ Cp*Rh FETHE I NI T ¥ L (IV) ZE#: Dawson 7R U EE
W BARD G & oy kIS
(FR)IIRER) Ok &9 - 28 &9k - BA 7 - By @+

Tt < 1% Dawson AR U BEHE = KIBFE[P,W150s6]™ 212 Ti'Y & =R A AT TiV =&
1B B (R [P, Wi TizOse(OH)]* ()% Ak L TN D, 0 BB AR B ([P W50, ]*
KV LEREBMOABMEBENGE LS, IF AU HAMESRFEDNEREER L CHES
BRI R U BB AN E R S D, Bk M (NbY, VYO = B B Bk
LU HABEMN S HITEN oD BT s O AR BT R Y 5
WO N I TE D, ANZE TIE TV = E#E (R (1) & [Cp*RhCl,],

DIEDN B >0 Cp*Rh £ TZEME S 7= Ti'V = & #1 Dawson 7R U fig
W BAR[{P,W1sTis0e0(OH), }(Cp*Rh),1* (2) & Ak L. X Ak i s
AT o7,

HfEdm X MEEMTroE. = > o Dawson unit
[P,W s TisOgo(OH),]" % > Cp*Rh JECTHUE L7-fETh - 7,
BVSEHE S unit ND Ti-O-Ti i & D > OBILAWmEN 7' 1 |
F—ar L TWe, 20X e JBRMEEIIERO AR M (Nb"Y, VY)
= E R Dawson R U BT R O N WIERIZB LWEETH - 72,

Fig.1 Complex 2
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H AL A 05 BFEL(2015), M

Efficient Decomposition of Perfluorinated
lonic Liquid Anions Using Subcritical and
Supercritical Water

(Fac. Sci., Kanagawa Univ.) OHORI, Hisao; TAKAHASHI, Akihiro; NODA,
Yoshinari; SAKAMOTO, Takehiko

Keywords: lonic Liquid; Subcritical Water; Supercritical Water; Fluorine; Recycle

lonic liquids (ILs) have been widely investigated for green chemistry applications.
In particular, perfluorinated ILs, which have perfluoroalkyl moiety in their anion
parts, are being introduced in many electrochemical devices owing to their
non-flammability, high thermal stability, and so forth.

Wider use of ILs will require that waste treatment be established. Incineration is
one method for decomposing these chemicals. However, incineration requires high
temperatures to break the C—F bonds, and formed HF gas can seriously damage the
firebrick of an incinerator. If perfluorinated IL anions could be decomposed to F
by means of environmentally benign techniques, the well-established protocol for
the treatment of F~ ions could be used, whereby Ca?* is added to the system to form
CaF,, which is a raw material for hydrofluoric acid. Thus, the development of such
a method would allow for the recycling of fluorine, the global demand for which is
increasing.

In the present work, we investigated the decomposition of typical perfluorinated IL
anions, [(CF3SO,);N]  and [(C4F¢SO,).N], in subcritical and supercritical water
with oxidizing agent or reducing agent. We detail an effective methodology for the
IL anions to F~ ions.”

Y'H. Hori et al, Ind. Eng. Chem. Res., 2013, 52, 13622-13628.
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H AL ZERE 95 BFEFER(2015), MiE

Decomposition of new fluorochemical
surfactants bearing organic cations in
subcritical water

(Fac. Sci., Kanagawa Univ.) OYOKOTA, Hiroaki; HORI, Hisao

Keywords: Fluorine; Decomposition; Subcritical water; Supercritical water;
Surfactant

Abstract: Decomposition of typical fluorochemical surfactants bearing organic
cations, that is, [(CeHs)3S][ChF2n+1SO3] (n = 1, 4), which are mainly used as
photo-acid generators in the electronics industry, in subcritical and supercritical
water in the presence of oxidizing agent or reducing agent, was investigated. The
results were compared with the results for the corresponding potassium salts, and an
effective methodology for these surfactants to fluoride ions is detailed.
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BAMEHBZREHNEFERKRE EpYHA

N-EERHILRY (NHC) SROEAED S FIEELEEY

59 AT & fﬂfxihéu HLinbnL D Y = D IR L

ofﬁ%%j}\ fﬁ”%é BIRE. H AT, B
ki)l K )

(B#Y)

IHNE TITYHFEE T, Ag-X (X =P, S, N, 0) fEi&a DRMEHAD B Rk, REEMENT K OHE
[EEAZTNTE T, 2O DORN)EEROHIE A7 MV OJR SR & Bt G RF OfE G O
SR BIHEUL T AHIE DN R E B2 T 2 AR SR TWD, Y A#FZE I, BifL
e H R % R & LI2AQ-C & & FF o8 (1) B R DA k. *%ifﬁﬁﬁ&@# ERIEMERER I OW T
AT, BN SRR RFE ORI & LT, N-ERER L (NHC) Zi®EA TS, NHC 13,
BRVKREAI THD Z EMBBRAT 4 XD bWV EZAT VbR TS, 2 ZRET
2. T RIFATBEAFANRCB U EXATF A IZY VT LR E L ZL20F/VH TG
SH72 NHC AiBE{A (Hobmibb) 2> 5 NHCER(1) 851K ([Agz(bbmibb)](PFs),-2CH,CN (&K 1))
BEM LTz, ¥ ZRUIHIEESZ2 RS20 E PR L, UL, PlBEEERBROM R, JK<
BAFIRPUEH AT MAREBZ, ZhUE, B AZHPE TIEE T E RV, 2 O8SRITK
KK%T%D\%Kfﬁﬁﬁm%WT%é *@%miﬁm&ﬁ IG5 T2, NHC
FEE R DHFLBETEME DR &2 i~ 2 72 DITARBIFE TR, 2> ZRLISOREEDNHC SR(DFE A
([Agz(bmimb),](PFe),-H,O (#&& 2) ¥, [Ag(IPr)CI] (8K 3)) DA M OREERENT 21T o 72, ~
77 U7 4 Fi¥E (E.coli, B.subtilis, S.aureus, P.aeruginosa). %R} 2 Fi¥H (C. albicans. S.
cerevisiae), & 2 fEHE (A. brasiliensis, P. citrinum) (2% 2 HUETE M %2 /N B B R EE
(MIC) {2 & v §Hii L 7=,

7tk b

B & LT 2,2-EA@BAFNAIX VT LT ANV AT )L T-E7 ==L EA(N
FHTINFABRRAT =A F) (Hebmimb)(PFe)e Z G L. 1:1 OFIGTRRIEL T =
FUNAFTRIGEEDLZ L TEEMK 2) 28 LT-, i -& LT 1,3-ER(2,6-2 14 Y7y
NT 2= WA IFY ) ra zul) B [IPrHC) 24 L. 2:1 OFIACHILRE 7 an
AL P TCRIGEESDZ & TERIKR 3) A L7z, PlEIEEREBROMEE, 8K 2) 377
U7 3 FE¥E (E.coli, S.aureus, P.aeruginosa), (Zxf L C R biEEEEZ R LIz, —J7, (8
K 3) X< HEIESEEZ RS o lz, G L7z NHC SROESEOHHTIEMEICIL, METEE
W%ﬂﬁémtom%NHCﬁ®$%® T TEIE & U A7 MLOIES X, (8K 1) ok

INZENL T HEHR S ERIEED b O bIEMERE <, AT MV IA<, (8 2) 0 L)
ﬁ:@ﬂﬁ%%ﬁ#ﬁ%#ﬂtf‘%é?bi‘ﬁ%ﬁli&iﬁ#ﬂ%iﬁ@%)@ci(ﬁ'ébk 1) (T3 23 HiTEEZ R L, (8
K 3) L OICENL T HEHA DL IEBRIR DO b DT &L PIEIESEEZ RS o7z, - T, R0
AR D oy FAEE DS TUEEIC R & <L TV D AlBEMED R STz,

(k)

1) K. Nomiya, N. C. Kasuga, A. Takayama A. Mufioz-Bonilla, M. Cerrada, M. Fernandez-Garcia (Eds), Polymeric

Materials with Antimicrobial Activity, RSC, Chapter 7, 156 (2014).

2) M. Regitz, Angew. Chem. Int. Ed. Engl. 7, 35 (1996).
3) Yot st 3 [l CSI b7 = A& PL-67(2013).
4) SML EEEE 5 3 8] CSI{EF7 = A4 P1-68(2013).
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BAMEHBZREHNEFERKRE EpYHA

T-AUE [FERFOU=ZM#E (D) EEADERL

EUIEEE
W25/ H - B) O LB b, N AT, EAMS, HIMEs.

TR EHEVOD D BRI AL

(SIE V=N gy o]

§=1:5)
Hoxld, fix 0T I BB LT HE)EEERDO G, HERT I X OWTETEMEIZ OV Tl
RTET, 72 BER)EERIIZ ARG AN R U IETEERBRIC I W TN 7 U 7 BERE,
(25 LRV AR MLVOBER TGN E R 2 ERH BN ERo TV D, P ZHVE TICH
FpdRz R & UIHEHEMET X VBB CHD L-7 AKX =0 ZENL1-& LT 2 FFEOIR()SER DAL,
REXEARAT, FUETEMZBE LT\ 5, 2 MUHEENT I VB ThD LLE AF DU 2R +-& L
ToER(NESATIX, BRBUEDIENT LY | ANEMER S J[Ag(L-Hhis)] & OVKEEMEMAE “[Ag(L-Hhis)],”
O 2 FEOFELZRE LT D, ¥ ZHOEEINTR S AgN FEED40 57 28
ThD, AFETITL-& AF V2 ERRVIRO RIS Z pH 11.0 123 % Z & TH D AV R
ZEICET % 2 L TERO)SER “Na[Ags(L-his),]” (Complexl) Z457-, 9 = OEEDOHIE M A2/ 5
U7 4 FH (Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa),
IRt 2 FE%H (Candida albicans. Saccharomyces cerevisiae), » & 2 FE¥H (Aspergillus niger,
Penicillium citrinum) (259 25 e/ MEEFRIEREE (MIC) 128 0 R L7,
ik L OMER)
BALERE L-b AF VU 2K TEAL 1: 2 TGS, 1M NaOH ag. VT pH % 11.0
(SIS D T L TR IR AT, ZOWKAE TS ) —VICHIEET 5 2 L TARRED
Complex 1 ZI¥= 535 % TH7/=, Complex 1 [XEARIEIZISUW-TRITR L TEETH 5 23k
PEICZ UL, R (BC, ®N)NMR, ESI-MS, XPS, CHN JCHESHTIC L 0 #pk % “Na[Ags(L-his),]”
EEDT-, £7- Complex 1 [ZEA BCNMR KUY XPS (T & 0 RIEM:AE M OUKIEMER (A & [F ©
< AgQ-N FEEDIINL IR D8R TH 7=, Complex 1 DKIEKZRANWTAZ TV T BERE, b E
B3 D PTETE 2 i/ M BRRIRE (MIC) TRl L7z, B0 L-b AF ¥ ATHuiTENE
RS TIRnoTey, Complex 1 13277 U7 4 FfE, R 2 BER O B 1 M
(Aspergillus brasiliensis D) (Zxf L CiEMZ R LT,
(3K
1) K. Nomiya, I. Azumaya, N. C. Kasuga and T. Kato, Current Top. Biochem. Res., 10, 1 (2008).
2) A Takayama, R.Yoshikawa, S. lyoku, K. Nomiya and N. C. Kasuga, Polyhedron, 52, 844 (2013).
3) N.C.Kasuga, Y. Takagi, S. Tsuruta, W. Kuwana, R. Yoshikawa and K. Nomiya, Inorg. Chim. Acta, 368, 44 (2011).
4)  ATakayama, Y. Takagi, K. Yanagita, C. Inoue, R.Yoshikawa, and N. C. Kasuga, and K. Nomiya Polyhedron, in press (2014).
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FARICSUEEF T RH2014 2 —7h— LR HE
IBEMTI/B ) UERAFEL-ZIROEADE
R UIEES
OfLLELE NAKF.SLURE. HEEE (BR)IIKE)

[#5=]
7R BRI EE RIS AR AR E R L PUETE
PERRBRICIB W TR T U T BERE, I BTk TIA
WART MV OBEN TR M 2~
ZEBHBAE RO TNG, D EDH N °
THEMT 2 O L-7 VX =T 0
TP e pH O CHREECWIE °
PLEIE PRI R E EVE 5252 &

MBS EN TV D, 2 AKBFFETIX

L-7 X = LR CHEEMET X B

Thon L-U v a4 s S H,

pH DFEWC LY | B DENTE A F ok a2 &L, FT-IR, 'H,”C NMR,
TG/DTA, CHN JoBEo#T, Hifhsm X fMEEfiTic sy 7272V E—a %
1ToT, £72Z0 2 FEOEHEOHETE % S/ M BRLIEREE (MIC) 12XV FF
i L7=,

FiERB X OWER) ERERE L-V v o Z2/KPCELLE 1 1 TGS HE, 05 M
HNOzaq. ZMHWTpH 7.3 (KEE) & 6.0ICFENENHEL., ZORIKRIZ 4 55
D AKX ) —)VEINZTZH D& NEBIEEE, ¥ o F o —7 )L & SRR L 7= vapor
diffusion |2 & ¥ EAFEAEHIRG S 2 Z G- (I 0 25.3 % (Complexl),
68.5 % (Complex2)) . Complex 1 [ZH VAR ¥ L — k& o-RFBMOT 2/ FR3 Ag
(2B L72 N-Ag-O fiie & & > Cue, —J57, Complex 2 TliZALARFT L— |
2N Ag' IZENL L7z Ag-O fii& % & - Cuhv=, Complex 1 KT} Complex 2 DECA7
’%ﬁbfmﬁm7¢/ﬁiﬁ?y&~7~ﬁy@hwg&K%FA%%ﬁbf

U v — S AR OEEE LT, 20 2 FEEOSKOHIETEM: 2 5/ NS B RRLE
JEEE (MIC) 12X 03t L7, Complex1l TiZ\7 5 U 7., BERE, 7 E DTG
PEDSR L7 L, Complex 2 Tl3 /N7 7 U 7%t L TOIHDRIRPI 72U TEME 27~
L7ce ZHUTIRNWARY MV OHLEMEZ R TIERD Ag-O Fiadaik L KE En
Thoic,

HoN COO"

NH
L-lysine (L-Hlys)

Ag

N
A[AG(L-HIys)(NO3)} ATAG(L-H:lys)(NO3)](NOs)}

(Complex 1) (Complex 2)

1) K. Nomiya, I. Azumaya, N. C. Kasuga and T. Kato, Current Top. Biochem. Res., 10, 1 (2008).
2) A.Takayama, R.Yoshikawa, S. lyoku, K. Nomiya and N. C. Kasuga, Polyhedron, 52, 844 (2013).
3) C.Inoue, N.C Kasuga, N. ljuin, T.Yoshida, A. Takayama, K.Nomiya, The 63th Japan Society of Coordination Chemistry Symposium, Abstr,  2PA-018 (2013).
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FARICSUIEFETTAHR2014 37 —x— )LARYE

N-ERBHILRY (NHC) SBOEEEDERK. 9 Fi&
EEmEEEOERS

Oz, fumZE. SURE. hERF. HFEEE (HR/IXE)
[#ES] 2 F TITYHFFE=RETIZ.Ag-X (X=P, S, N, O) ##

B DER()EER DA Al A EFEAT K O TEME 2~ T & 7,
ZIH DOEMEHEDHIE ALY FVD A S TR & RN RS-

JFRF- OGO E . BB RN AN R X 7 8% K3 c A C
FToLIEREBE IR TS, Y R CIE. Bt SR A A ¢

f# & LT Ag-C ﬁf/\%ﬁofﬁ(l)f%&@/\ﬁz s "
OPLETEMERBR 2 DWW TN, BN G RT- 23k B O [AgOhmIODPF) K 1 1
A& LT, NEREIL (NHC) Z&EATS, NHC (X, 58V REAITH
D, RATZ 4 L0 RNEEGEET DL ENDbR TS, 2 BEERE, NHC A
BR{A (Hsbbmibb) 2> & NHC $R(1)E5 1A ([Agz(bbmlbb)](PFe)z-2CH3CN &k 1) %
Bk LTz, ¥ ZHUIBCA A3 D BUEEE 2 RS RV E PR L, L
L. MIC I L2 PTETEMERBR O R, A< BIFRPIE AT MARE LT,
Z AU, Mﬁ%&@%f TR T X 72, NHC $R(DEE R OFLETENEDJFIA %
FTARD T2 ORI TlX, M ITRILDSOREED NHC $R()EE AR (7o Uik
[Agz(bmimb),](PFe)-H,O (881 2) ¥, EAMEE[AQ(IPNCI] 8k 3)) 2T hEh
AR L. ZN 5 OPETENM & fE & OB &2 TR~

[ 28R - #5H - E22] 22-EAB-AF /A I XU 7 L-1-A )L A FIL)-11-
B x=) EA(NNFH T LAaRAT =4 ) (Hbmimb)(PFe), ZEN77& L
T1:1 DG TBLIREICIEEE 228/ LTz, 13-ERAQR6-V A VT
RENLT 2= WVAIXY VL 7l R (IPr-HCl) ZEAL &L, 2:1 OF|
A THALER L RS S8R 3 28R Lz, PiEENRBRORE, 68K 2 1R
7R PUEETEME 2 R L7223 881K 313 < PIETEE 2 R S 72 o 72, BI B NHC 4R
(NEERDOPTEETEM: & HLE A7 FLOE S, 88 1 ORRICEANLF b EEA & B
RIEED & ONE BIEENRE . A7 ML BHIEL 88K 2 OB ICEN - 13IE
Bk Td 2 D EERITRIEE O b DI85 112138 21 iEiEtEL2 ~ L, g6k
3 OREICEANIF SR S IEBRIR DO b DI L FlEEEZ R & e o 12, 1iE» T,
NHC $R(NEEARDOFLEIERIZIZ D TREN RESEEL WD b,

1) K. Nomiya, N. C. Kasuga, A. Takayama, Polymeric Materials with Antimicrobial Activity, RSC, Chapter 7, 156-207 (2014).

2) M. Regitz, Angew. Chem. Int. Ed. Engl. 7, 35 (1996).

3) Wot sudr. |l RE. 1A k. BE w5 3 [ CSI (kT = A X PL-67 (2013).

4 ML EEZE, SO s, Eil RE. A R BE W 5 3 Bl CS) kT = A P1-68(2013).
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FARICSUIEFETT AAR2014 27 —x— )LARYE

FAU(IV)=EH#E Dawson 2R BRIEHE S KM SHIL
ERICBr /1A ZZRNaL=EELLEE=ADE R

OmKEN-EFHA-FERRE (F#HRIIKXF)

fees FXUERRYBEIIRR A I — 2T 5 A pH ITIRAE L
e /) ~v—-F Y d~—FHeaT 58 THREN, Z07RhTTH L =&
Dawson 7R Y @zi/f' ITMEOT P TRy RRINER ZEEHD . Z22ER L)
IR T D N HESISNALTWVWDS, BEH L NUEIK
[{P,W 15 Tiz0s5(OH)s}{ Ti(OH,)s}.CIP (1) Tl ZEfilicffix o 7 =4 ( CI', Br,
I, NOg YZARNA LEbORELNAT WS, 2 — K2R LIMNEIR
[{P2W:5Tis0s75(0H)3s}CI?> (CI-2) Tl 022/ CI %V\iabt%@i» "o T
WHR, FRUSDT =F U BRNEESNENIRHTH S, ¥ it 2REH Y
PR DINAKSRIT o T HEIK[P,W1sTisOe]> (3)MIERL SN D = & MR X
iz, P AKWFZETCIZZ OHEEKRE AW TEHH BraNa L7287 L&k
[{P,Wy5Tis0s75(0H)s},Br1™> (Br-2) ik #1757, ¥ 77 Z V¥ — 3 UIFH
fhen X PRAELE AT

TG/DTA, FT-IR, *'P AN
. V4 \

NMR TiT-> 7, NaOH HBr AN

EE SR B h

PAN
D M 3

SCHR VEAIE > TRk Monomer(3),

L7254 *ﬁ &0 Y %MK Bridging tetramer (1) Non-bridging tetramer §52)
. . ) [{P2W15Ti30s57.5(0OH)3}4CIJ25 (2)

[{P2W15T|3059(OH)3} [{P2W1sTiaOso(OH)ske{uss- TI(OH2)ahsCIF*™ (CH1 ) [{P2\2N1;'Sris(sjsjz(sOH)s}344Br]25-( Br-2)

ATi(OH2)3}CIJ? (1) & ik o T NaOH % AW THIASE L., KCl 2z 5 Z &
THEREG)O AR E2157= (X% 23.7%), (3)D FT-IR (2135 M D Ti-O-Ti
T D KRB S ROBIHI SN, HERELEZ 6D, BHERER)%E
MiAKHP T HBr Z HWTCTHEA S, Au—x2vU 7y RL—1 39752 & TBrg
Nl Lﬁmﬁfi LI ERBr-2) 2 A EH 7 a v 7R d & L TE 7 (IR
42. 8 %), HLE G X BABSEMAT O R, (Br-2)I328E 7 LN EkiEETchH . F
Z2NCIE Br 2 Na LTV, D,O 10 *'P NMR 1Z—5%t D 2 Afp v — 7 (-7.67,
-13.90 ppm) & L CERI S H., CI 7 VAL F#(-7.59, -13.97 ppm)D v — 27 L 133
T 72> T,
1. Y.Sakai et al, Chem. Eur. J., 2003, 9, 4077-4083. 3. Y.Sakai et al, J. Chem. Soc. Dalton Trans., 2003,

2. Y.Sakai et al, Bull. Chem. Soc. Jpn., 2007, 80, 3581-3586.
1965-1974. 4.Y. Sakai et al, Inorg. Chem., 2011, 50, 6575-6583.
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FE4ECSIIEFETTRH2014 2T —ik— )LIAYE

ATHARFP, S, Ge D Zr ZBEXEES LUV EH
EREXMERIERARELI-A L Do DIRE ARG

OMFAMH-FR R - RARC FHEMRE (fR)IIKE)

[#5] YW RETIXIZNETICE 4 FEoFE TV, zrY,
HfY) & B+ 5F 4~ DR Y BRIE % it ai BRIk & L 7=

30% H,0, aq. 2L 24 V7 4 DR F A% Fig 1. a-X-Edge
. 1) - . 1] = NS TINNE [(0-XW1;03Z1)y(1-OH),]
NRTCE 7=, Y RFIC, Keggin B —KRIEFETH > FA v TF

o7z M M = ztYHY) = B K
[{0-PW1103M(u-OH)(H,0) 1% (Zr-2) 13 filit i it & %

OELIRFF L TR Y | S OS I3 s AT Mk Fig 2. o X-Face
THEITLTWA EEbiLs, 23 F72. M B AERND [(0-XW11039Z1),(n-OH)3] ™
TG R REF LT F F side-on BANLOL AT Y FRIZFEE L, cis-v 7 n A
T DR FUACRISZAT > T DEHEIZ R b o 70, Zr “BSEIRIZ DUV T
E L BRI OEINE RG22 AR LT cis-v 7 v 77 VDT RF T
ERIEZAToTe & 2 A, il & E OREHBRFMN R 72 51, TON [
YL TWolz, TOZENS Zr ZEREA VT 4 ORICIIHAEHNDR &
0| BRBCEMERITA L T 4 VBN TH D EE X T, Y ARFSETIL, ~T B
1 X (X=Si,Ge) ® Keggin B —XKEFTH > A v TF Nz Zr _EEHELH
ff (X-Edge : Fig 1) B OmLAFE (X-Face: Fig2) =MW, cis-v 7 a4 77
Y DERF AL EIT 72 (B’ 1) Zr A MTEAL L TV D KT DOFH HE,
R BB REC~T 1 JFL A DE M L B g~ 2B A T~

[5E8 - F5 2R - BE] WTHOMBIRTEMAS Zr-2 LN % pe o pmmmm o

D EIEVEFEF AR o To, ~ A F YOI Zr-2 fRfERiSA  TON

b, ~T EFETFD Si,Ge ORYBEELEDLRNDT, o-Ge-Edge 191
a-Ge-Face 7.8

%FOIEWDMRNOITA L7 ¢ VENFRDITERL LIZ < W o Si-Edge 73
=& &R, . ~T aiT Si,Ge & HIT Edge X o-Si-Face 8.4

N . ) 3 B:-Si-Edge 19.1
Dt Face DS MEMEITKS Z2>72, Edge (I p-OH 7 5 Si-Face o0

2 DT Zr OEALED 6 72DIZx%F L, Face (£ p-OH 23 Zr-2 156.6

3 DT Zr @@a{iiﬁﬁl 7 (3@60 DL 75:{5\ Face X a) Reaction condition: catalyst

0.02 mmol, substrate 7.70 mmol,

Edge KV AL 7 4 UMENL LIZS < TEHEDMRT L Svent o8 o) cnen o

- 33 mL, under air., at 25 °C, after
f:k%z%héo 24 hr,

1) C. N. Kato, S. Negishi, K. Yoshida, K. Hayashi and K. Nomiya, Appl. Catal. A: General, 292, 97-104 (2005).
2) B2, BFEE], 55 2 [5] CSI{EY7 = A% 2012 P4-24 (2012).
3) H. Aoto, K. Matsui, Y. Sakai, T. Kuchizi, H. Sekiya, H. Osada, T. Yoshida, S. Matsunaga, K. Nomiya, J. Mol. Catal. A. Chem., in press (2014).
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RAT7oE&DEARMIEIZLEZO T ILT7EFLY
DIKFRIGIZxT B Keggin BUARYELIE D iR MR

OHAFH-REIE -REMA-SHit -HFEER (BR)IKE)

BE S ETICHkx L, 20) B R L ERIPPh, RS
& Keggin BUAR U BRI O G B 2R EIE R R 1 & & T4
WUz T AZ—IFF L FHER VBT =F B 5
7 7 A2 — LA {AU(PPhs) }a(us-O)Js[0-PW12040]2 (1)
DL EWH LN LTS, Y —FiGIE, h A7 7 U4
(NESARARIEELS K 2 ARG AU T, Al A | X

in situ TEEE S A7 B D4 (1 v
In situ TG SALREORNDTAA L boanmEs 9 55— 0 r

[AU(PRy)]" & Wbt T\ 5, 9 ABFETIE. R [{Au(PPh3)}a(ua-O) >
VERIETFE F CHRAT 7 o~ o
eoEemmrs L e ]
7 2= T EFLD _ 1,4-dioxane / water (4:1) 'O _
KRR & ATV, O 2 oofiy  DPrenviecewiene B0 C Deoxybenzoin
AR Z T, AR T 7 &R & Tableé. %rlﬁmmsmcg% —
o s . . t t %
Keggin BRVILAS U ML (71 —7 o v RILR e )
N o . PN - J 2 1.8
[OWRRNVRIAN: Y @n’?ﬂﬁom DA LD RS >+ Faor-PWysOud] TG
Pzt L, R Y REOND VI |2+ Nag[a-PWi,04] 9.7
e BN 2 + HBF.aq. 72
HBF,aq. OUSINZhAR bl ~7, Reaction conéiitions - Catalysts 0.01 mmol,

B R BB MBS LG  Dine ool 1 am
L)%, EIZY 7 2=/LTEF L%  41mixed solvent 6 mL.

vy, 1,4-dioxane/water = 4 @ LIRGHEET (80 °C) TKFIBISZATV, EEIX
HPLC T1T-7z, Conversion 7% 93.7 % CEWEM 2R L1z, MBERTEAIZ
[{AU(PPhs)}(1s-O)](BF.), (2) % MV 7= RIEED I CIAIE M & 7 s o 7o
L)L, RUBEZRNT D Z & TIEED EARAE LN, RUVBEO 7 U —
7Yy RGO G237 B U o AEHRINE D & RE 2IEEOFHE A LI,
HBF,aq. Z il L7258 IEMHO RN A ST, KOS IFEREE CE 1R Lz,
IO END, HIEMEEZERSE, ANV BRENSIEMRE (A ORAL AL

FIFE[AU(PRS)]Y) ZZESETWD &b s,

1) K. Nomiya, T. Yoshida, Y. Sakai, A. Nanba, S. Tsuruta, Inorg. Chem. 2010, 49, 8247.

2) T. Yoshida, K. Nomiya, S. Matsunaga, Dalton Trans., 2012, 41, 10085.

3) H. Schmidbaur, A. Schier, Z. Naturforsch. 2011, 66b, 329.

4) S. Gaillard, J. Bosson, R. S. Ramon, P. Nun, A. M. Z. Slawin, S. P. Nolan, Chem. Eur. J. 2010, 16, 13729.
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Keggin B4V AT = RIETELF HFEEEARELI-TELD AME
I POM D ERED FiEE

O3 L4 - RETRHC - #A7K 31 - B = 82 5] (f 51 ) 1 K 3E)

[#65] a-Keggin B>V a x> 7 27— F =K [a-SiWeO0s,]"" 1TSS

IS CTRRA R B A A 2B A LTZEAURNRERRTE D,

R AF 42 T 1% [0-SiWe03]"" %2 v T . A" @ open-Dawson # POM
[Al,(OH)s{o,0-Si;W15066}]'" (Al-open POM) . AI" 16 ¥ POM M & {&
[(0-SiWgOsa)a{(Alis(L-OH)50)}?*  (Alyg  tetramer) . AI"' = & # B & (K
[A-0-SiWo O3 {AI(OH,) }s(u-OH)s]* ¥ (Al-monomer) % &k L7-, Al tetramer (%
Al-monomer 7» 6 & 55 Z LN TE ., & 5T Al-monomer . & K
[(A-0-SiW3032)o{Als(1-OH)}]™ (Ale-dimer) D& BLIC & kD L7z,

[528%] Nayo[a-SiWg034]- 18H,0 % HHFEFHIA & L, AI(NOz)3+9H,0 % E Lk 1:3
THl % pH3.5 IZF# L Al-monomer % (U= ca. 62 %), E/LiL 1:2 TpH 6.5 (2
FH# L Al-open POM % (JU% ca. 12 %). AICl;-6H,0 # €Lkt 1:4 TpHB6.51Z
RHIMZ 2% Z & T Alg tetramer % 5%7- (L€ ca. 12 %), Al tetramer (X AI"' Y
o o A% —& Al-monomer 4 OpNERE L7-EE LS % 2 Hiv. Al-monomer
(Z AI(NO3)3*9H,0 #E/LLE 111 TINZ 5 Z &£ THAEA LN (UNE ca. 20 %), £7-
Al-monomer % pH7.5 (IZFHFEERINELT 5 Z & T Alg-dimer Z457- (U3 ca.45 %),

[ 5 222 ] HEEMAT OFE R, Al-monomer (X[a-SiW05]" 1 AI" % 3 D&

AL 7-HEKTHY ., Al-open POM L open-Dawson 7 POM D BH 0 #BIC Al 4
SHRBANLZEE TH o2, Alg tetramer 1% [0-SiWe0:]'" 4 o &
{Al5(u-OHa0)}**" 23Rk L 7= 458 ¢
& v . Al-monomer & A" &Nz %
ZETHLHERETHHT, —FHT
Alg-dimer ¥ Al-monomer [A] £ 23
w-OH THEHFE LD Th o7,

[a-SiWeO0 ] % Hl W\ T R 72 %
POM Z &Rk 5 Z LITkII LT, Z
D& D5 [0-SiWe0s] 13, K
I X Ekx eiEZ A9 %5 POM
NEBTEDZERHLNE ST,

1) RMZH, Bk, e, 55 3 Bl CSI{k:7 = A & 2013 P1-73 (2013).
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R)EIEZE T T L —RELT= pF BERRT72%()
DSRB—NFAUFBEORBERIET =4 DR

OREIE -HHAFM-REMRAX-SHEH -FERE(FERIIKXE)

HE Nk TR ITEEDOEW) VR EEIPPh; SEK &
Keggin B 78 U f2ME(POM) & DS & F7 V7R & Pl e - 7 i

x5 & BB O FA2E80a0)UE s T AR —% T F
B —HFF o T5POMBELNDZEZHLMCLE, Y
FT7 2= VD PN EER L TZR AT 7 VBT R WD Mo
Z LT, ZEBu-OH & 2 o& G Ted (1) KSR ROk b

HHA BN LTV D, IARBIIE T4 ()7 VR BEIP(p-FPh)s

REEIA & Keggin faFn7 POM & DRSNS, A1) A8 —

= K 2 b v v X — T F 4 v F 5 1 05y S
POM[{(Au{P(p-FPh)s})2(1-OH)}2]s [PM01204]2 (1) ZE Rk L7,

T, AT =4 % OTEAKHT D E THRAT 7 &) T AKX — T4
[ZXF9 5D POM 7 =4 v O EEH LN LT,

B E - R E R H B o & (1) 85 1K
[Au(RS-pyrrld){P(p-FPh);}] (Hpyrrld = 2-t'a J R -5-7%

JUR ‘/@E) L Keggin A £ ) v K POM H3[PM012040]’14H20 P
Au

EROGSHE, An—TNR L —a ST E DR D o

sEOHCIRAE R & LT 1 257 (IR 16.0 %), HEEHAT O 2 PRI

FER L (1) BEsE R — B (K (parallel-edge arrangement) 7 F 4~ L FE DA 1 2 R L
72o 1 % CH,ClL/CH:CN IBAEEIZ /B L. OTF & I LI T =4 o Akt NIE
TONRNy FIEMBINZ L 57 =4 W a AT o 10, 15 BTk %2 CHLCLL IZ ik
L. & DOEHRIZK LT Et,O ZFMHE Mt & L 7= vapor diffusion (2 2 ¥ M5 7
0 7 RAES () 2572 (IR 56.0 %), #EEMNT OFER. 2 IZu-OH % & Tedx(l)

— B % K — & (K (crossed-edge arrangement) @  OTf I
[{{Au(p-FPh)s}2(n-OH)},](OTH), TH - 7=, rftaa%LEP“C %, &) ek 2 o
75 aurophilic interaction (2 X DV EAATH XS IZ &bk LTz, LLEXY POM

T=F ORIV T AL — ﬁﬁ“ﬁ/@%gb) parallel-edge 7> 5
crosed-edge |2k L . POM 7 =4 & DM EAERA NN 7 T A X — DG
DLETEAIZ TG L TWDH Z L2 BN LT,

1) K. Nomiya, T. Yoshida, Y. Sakai, A. Nanba, S. Tsuruta, Inorg. Chem. 2010, 49, 8247.
2) T. Yoshida, S. Matsunaga, K. Nomiya, Dalton Trans. 2013, 42, 11418.
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FAUIV)ZE 2 Dawson 27K BRIE B S (K& Cp*Rh?
BORIGERYDIEE

OZH A MAREN - FERE (FH5)I|KE)

1. S  UHFIE=CiL Dawson B U B O T # L (IV) =
BHRD 1 D Th D46 H V UEREZ K E L CHER
“IP, W5 Ti50s6(OH)3]*” (Monomer, Fig.1) AR EN TV 5,
L2 Z @ Monomer D45 Ti-O-Ti ¥4 MEI7F e hx—
g LTV, 20 Monomer OF % BRI OFmEIZA
BEMEENE L RoTEY (SHLTEMEAL & L THRET %,
ZiEFIH LT Monomer & T4 U MEE IS4 B AR A SO S
. DFAUMEEES BN SN TR LA O AR &
BEtLTx 7=, ¥ AW TIE, 2 >OHERKRN 2 5D Cp'Rh*
THRIEINT 2 : 2 BOFHBULEW G LTc O THRET D,
VX o782 —3 g 380 HESHT, TGIDTA, Hiibih X Fig.2
HRREEARAT, FT-IR, (*H, *'P) NMR TfT - 7=, 2:2type

2. EB-HER-ER PRER L7 Monomer & H,0 ICIfR L, WEARDA
%% % %5 %12 0.1 M LiOH ag.% Monomer : LiOH=1:3 T~ < Wiz 7=, Bl
% AgBF, % MeOH (¥ L [Cp*RhCL,], Z % C AgCl % A5 L. [Cp*Rh]*
FEAHE L=, 2D 2 DO %Z Monomer : Cp*Rh=1:1+7325 X HITBA L.
90 CC1hri#P% EtOH THILEX 3 5 Z & THERB IR E 57 (L% 85.4 %),
ZOEE HO IR L, Ar—T/NAR L — 3 35 2 & CREFEIRERLE
7z (I8 91.5 %).

B X fEERITORE, Bonibamid 2 D OHEE&KRE 2 >0

Cp Rh* " CHEME L 7= 2 : 2 7D — Bl [{P,WisTis0e0(OH)2HCp Rh)2]™ (Fig.2)
Tholz, DNFAUMAEBERERE LT ¥ o ZEBRBEER) O AR LT-BHLE
e LI ofEEmMrpcd %5, D,0 o3P NMR TiX. Monomer O —
XD 2 KO —7 (-4.97, -14.65 ppm) & ITHETRARDHNEIZ 2 KO —7
(-5.20, -14.61 ppm) 2MEHI X7z,

1) Y. Sakai, K. Yoza, C. N. Kato and K. Nomiya, Chem. Eur. J., 9, 4077 (2003).

2) Y. Sakai, et.al., Inorg. Chem., 50, 6575-6583 (2011).

3) MAFET, AR, WKG, BFEE], 5 62 RIBS AR L FRTime, 2PA-072, (2012).
4) REEGL, AR, BEiE], QAR 94 FFFER, 2PB-009, (2014).

Fig.1
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7D LADZEAAATZ open—Dawson F1)aa>
5 AR ERIE DB LB E AR AT

OXEBEt - H LN - RARC K- FERE (fK)IIKE)

BE hFETICA~TaE+ Si @O Keggin R D Rt (POM)
SRABFE [A-a-SiWe0s]™ % HIFEM'E & L7~ open-Dawson %!
POM it EnTu%, Y Open-Dawson ! POM (X 2 oD
[A-0-SiWo034]' 73 2 ARD W-O-W D Fx Cilifh U7-#i 4 LT3
D . FOBR LI D&JEA AV BNEANABETH D, feiltFe ~
i% open-Dawson % POM (= AI" Z#1%43A A7 open-Dawson
A POM [{Als(OH)s}H(at,0-SizW15066)]™ (1) DA FICHLh LT, 2
—J., FETHETHD Ga"Id, A AP0 076 A L WY 074 A LIFIFA%
Th o=, Ga" 2 /v 7= open-Dawson ! POM D& FIREE & 2 B 5,
ARAFZETIE. [A-0-SiWe03]'" & Ga" % )i &4 open-Dawson %! POM
K1o[{Gas(OH)s} o, 0-Si,Wi15066)] - 25H,0 (2) DAL Z ATV, (1) & DFEE D bl &
1T-7,
EBR  Ky[A-0-SiWg05] - 10H,0 & Ga(NO3);-8H,0 ZE Ltk 1 @ 2 T S+,
INEF% ., 1M KOH T pH 6.5 (ZFFE L., fafi KClag. x5 Z & T (2) O
FEIEHIRAE A (0GR ca. 26 %) #1587, v 727 X2 UE—T 3 %, HEsE X
BAEEMAT . (°Si, W) NMR, TG/DTA, FT-IR, ICP-AES (2 X W 1T - 7=,
R EE ST ORE. (2) 1% open-Dawson #EEDOB O Ga"' 8 4
ORIRIAF NI A LTz, DO 10 #°Si NMR T, -82.31 ppm 2 1 A
BT —27 PRSI, W NMR T1-64.34,
-72.56, -151.79, -161.14, -194.72 ppm (FREELL 2 :

2:2:1:2) TEIHISHh, o fHEENrLTHEIN
HE—78E—F Lz, 2D ENBKEKRT

THRE UHEBERHRFF SN TWD EEZX LD,
(1) & (2) ® open-Dawson % POM DB LD
AT 5 & (1) 2 54.3°. (2) 2 56.1° &
A AL EROEKRIZHN G DI AT B

[ ANGAYH

1) N. Laronze, J. Marrot and G. Herve, Chem. Commun. 2003, 2360-2361.

2) BHZEA, K, BrEdaE]. BRI 94 FEFS Abstr. 2PB-012.
3) R D Shannon and C T Prewitt, 1969 Acta Cryst. B25 : 925-946.

(2) DoyFHEE

1) OBFROEOAE  (2) BBOEOAE
54.3° 56.1°
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4* CSJ Chemistry Festa
Pt REBREIEEYZRAWERS s FRAREMWAS e TG
EAOESE:S

OF & -HE 2M-€F BIE- KX KEERJNKXKI-#ZFJIXIHH)

A 2 T RUBREFEE L O FBARAREE - L CHAPY)N AWV S TWDN, Pt &
HWT2GEIBWTh, mWilELEEZEE L, —BbRER S 285m0
JRR TR MK T35 72 EOREN K-> TV b, Tex I8 EBLA Y 28k
BHBR OB S U ClEf 42 2 Lk v, liErE & F OiEE 0L E MM
RELMETHZ L 2HEL TE, RUFSETIE, BERFEETCME, BIOT v
T VPRI BT D A X ) —)v e =& ) — )L O b s Bl c 5 5 L,
SR I DG s S, ETIREE L IE D Z LI Lo T, b OfgtIEME
MNED I IZEAT DD HOWNTRF LT, TOHO—208FHE LT, 7/
i 7% "B CART D Z LIk > TEBEBRLEYD PtsPb(= 7)/PtPb(> =
VG L, = OMBLEYEL PtPh J ki & bl L7,

~A 7 uaPER Y A—iEE AW TA L7z PtPb/CB @ HR-TEM 425 PtPb

TR OB BIE L, 1 BRI LD PP X PP IR E —E L Tk
D INER & AMTREIEIC DWW T2 Ch 5 2 ERBLIAI S NT=28, 2 Bkl
£ % PtPb BeDOWNEMEIEIT PP Fe A OmERE TH Y, KimfEiElX PtPh Th
% 2L D HEFE T & 7= (Fig.1),
PtPb/CB 1L\ DR T
BUWTH PUCB % _L[A] 2 fil g
MaIR LTz, X0
il 1 BEPEEIC K 5 PtPb/CB 73
®bEWEREZ R, L
L, =4 =V O b)S T
2 BEPE1EIC XD PtPb/CB 23R,
(Z R4 72 Al TE P 23 5 © AUl e
TEPEICEIRME DN E T TS Z b
DB E o7z, ZHUTR
HERIEIZ LY PtPh F ki1
DIEEIENZ D, Ok
L R YA Dl
EE LT,

Figure 1 (A, B) HR-TEM images and (C, D) EDS Pt
(green line) and Pb (red line) line profiles of the NPs
prepared via co-reduction reaction (A, C) and converting
reaction (B. D). The FFT images in (A, B) were collected

from the selected areas denoted by the dotted square.
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P-064
BB ONEE ZFRA LzKF D Y 702 v FEER O 53R Kk
O AB?L BEiom B wngzbh? 2ZIE=2 miEgEr:3
MR - B, 2PEREF, 2~UL A Ly 7 EMRER)
[iZC®iz]

BARRRER & IIRR 2 R L TS A REKT, 2000 AR NS EFEERCBWVNT, LYX
FOBBEEORELETHNOLN TV DH LWILAITH 5, BAEMEEITH L FWE TIE2 <,
ALY THIRA A (S,087) RerULA XY —HilRA A (HSOs ), & bICITiEERbAKFE (H0,)
VS LML SR STV D E SN TWAR Y, Z OB IR b & 5 72D R 72
IR,

— 77, S067 IZEEAICIRETRINBNT L 0 SV BE 1 2 AT DRREEA A T AN BT D T &V
SNTVE D, FxlZoNETKTONL T LA a4 B R R (PFCAYE, CFpnCOOH) 0ZF i
5 OREMEIC S$;08 ZHM LTI Y, Y, £SR3 5 2 LT oA Ak
TLIRFE FE TR IR CE D 2 L AW L CE T, AR CIXEMIMER 2 YhiE S TKkP o
kU 7 v A e i (TFA, CFsCOOH) % F B XN CO, £ THETE 20 E 9 kst Li=D THET 5,
[51]

BRI GRR LT 53 mM, FREEIEE 1.5 wt %) THUCTIEET % S,05%, HSOs, 3L TUNH,0, D
EEIX ATR-IR 706k, B L —F— T~ Uik, B LT X R L7 4 U AETENEN T T,
FO&E TFA (107.1 pmol; 5.35 mM) % & Ee BMEMEATA TR (20 mL) Z it 7 » FEPEDO NSV 727 # —I
A, BEEFRE TR LN DK T 7 B554 - AI1EYE (220 nm~460 nm) % 4+
52 ETITolz, HIGOBEFINRERD DHHITIIRIRE D) 77 4 —DORMIC/ Y KA T 4 LA —
(254 nm) Z 4 L CHLEE 2 BRE LT, £ - BAEEE O D 0 ICTEMREE T D S,04° & [RIIEE D K,S,04
Z TSR, BRI T 0D HyOp /KSR & R BE D Hy0, 2 W2 SR BT 2 72,

FUSHT#, KFO TFA A 4 s v~ v 757 4—T, FaAfArru~ /57 4 —TE
Bl A4 VP70~ 797 4 —I2BWTIE TFA O B — 27 3SR P2 B E T B hilk
AF D=7 LB L TV TOREINOHRA 4 2REL CHEZIT- 7=, £, XA
NI A T v~ NI T T 4 —THHr LT,

Photochemical Decomposition of Environmentally Persistent Trifluoroacetic Acid by Use of Electrolyzed
Sulfuric Acid

OHisao HORI', Ryo MANITA!, Ryonosuke YAMAGUCHTI*, Shuzo KUTSUNA?, Masaaki KATO?

'Faculty of Science, Kanagawa University, Hiratsuka 259-1293, Japan, E-mail: h-hori@kanagawa-u.ac.jp.
“National Institute of Advanced Industrial Science & Technology (AIST), Tsukuba 305-8569, Japan

3permelec Electrode Ltd., Fujisawa 252-0816, Japan
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[RER L BE]

i) U 7= BB AR 11213 S,05% HSOs, H,0, 812431 mM, 23mM, 058 mM &£ TW\5 =
&Ny o Tz, Fig. 112 2 OEMAEE 2 72356 0O TFA ORGSO YRS EE K FME 2 7797, TFA
DK HAFAE B TR & 36128 — U s B = e

ST L(k=0567 hY), 6 FERIH IS I8 HIRALL 30

T o, FEHKTIZE F2s, ST CO; L . © o ©

PIRAEL, 6 BRI F 5L 0Co, DI (Bt = | ©

Moo TFA D7 v #E T8 L ORER TRa e § A,

b UTfE) FENEN 8%, BA1%IcELE, 5 T £ % co,
B2 AW SERIZEB W T, TFA O g 100@ o *

SR (RSO, TFA KR EAE RS %t S TEA
THEMA BT 5 R L 0 RO 72 M) 13 ® .

8.65X1078 mol/min Th o7z, —J7, Z DOEFHH 0(()) I1 I2 ; ? g % 7

Irradiation time (h)

WS IR W I S 72 0 BT 4.30%1077

Fig. 1. Irradiation-time dependence of
einstein/min THh > 72728, Z OISIZET 5 TFA

TFA decomposition by use of electrolyzed

@ﬁ&@ﬁﬁi@%%mﬁiomk@oko H,SO,.

Fig. 2 \[CEBEREET O S,05° & [FIEE D K,S,0s 300
KR % AN E D TRA 4RO 6B B Rk 17 w0 | F O
Peg R, BARRRE O BA ARG, ko o o
TFA OfPfE R KESEERIC > TP L § | .
T8, OME KK = 0292 WY EEMIEEOR S 5 T ° . cO

DOEE o720 2D 1 KS0s £V < 100® 4

& EARREEE D 7S TFA OO3R % RN Z LT ol ; * TEA
WHZ L EEWT D, —F, BMREETO HO, & | | | . e
FIEEED H,0, 2 7= B3 A 12 1E TRA 14 < 40 L T s+ 5 & 7
P Irradiation time (h)

Fig. 2. Irradiation-time dependence of

ULDZ oA RIRLNT TRA (263 2 TFA decomposition by use of K,S,0s.

BilE D VOB ER, SBRRNICHFTET D HSOs 235
KThbDHZENRBINT-, #ETILHSOs ZHWI=HE DOFERERICOVTHHMET 5,

[3& 3R]
1) C. W. Johns, Applications of Hydrogen Peroxide and Derivatives, 1999, Royal Society of Chemistry.
2) C. Brandt, R. van Eldik, Chem Rev., 1995, 95, 119-190.
3) H. Hori, A. Yamamoto, E. Hayakawa, S.Taniyasu, N. Yamashita, S. Kutsuna, H. Kitagawa, R. Arakawa,
Environ. Sci. Technol., 2005, 39, 2383-2388.
4) H. Hori, Y. Nagaoka, M. Murayama, S. Kutsuna, Environ. Sci. Technol., 2008, 42, 7438-7443.
5) H. Hori, Y. Nagano, M. Murayama, K. Koike, S. Kutsuna, J. Fluorine Chem., 2012, 141, 5-10.
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P-065
BN F A2 R0 7 » SRR FEIEHEH] O WERFAK T ARALER ORREY
OREH  3LBI 1, HH 2572 A% 12
(ApZR)IK - B, 2 EERSH)

[iIxt®ic]

D F A 2Fo7 v BRREENA &L, TADVERBOBF A (D WITKSE
AFY) LT NA T IIF MG (CoFan ) RO ZNVR RS LT A VR W
DT =F PO S VD O 7 FRFETEER & 1XER R, b FF RNt %E
WAL DB DRI TND H DT, KB RAREEL L CEICEFHEEX T e EAT
HANSNTnWd, FexlidonE v 704 a 7L AR CigtEe+ O BE{bL A%,
PRy XD RBm LA IR L CHEER KR CRIGS®ED 2T, 7ok A4y (F) %
TORNEANOIE - EEILTEX D LA MELTEE=RN YD), Al F A 28H>7 vFHE
FFEEPERNC OV IR R SROKLBE % & O 0SS OWERITEECH - 7o, £ Z TR
EETITZEND D H b, b EARNRIEIEE AT 2D [(CeHs)sS][CFSOs] ()IZDOWT, &k
H L <ITMEE T A 2RI LT R AOKSIS 21T, ROSTEE R L= D CTHs 3 5,

[ 5]

MMEY 7 7 Z—=C7 /)3 HAFFKT T 1OKERKR (1.00mM, 10mL) &8 (9.60
mmol) % A#L, T/AIT L HAT05 MPa £ CTIEZBEEAL, FrEDEE (76~373°C) I
BN 7=, — g, |iEEcAm L, Kz A 4o~ o7 40—, A4
7o~ 7597 4 —BLOHPLC C, T AfHEH A7 u~ ~ 275 7 4+ —1 L GCMS
TN Lic, D72 D8R 2 I L 722 WGBS, 8- O 0 ICRFE T A %2 VT KIS
ZiTolz, IHIITBEONTF A Z2HT HLFH (CFSO3K, 2) (ZHOW\WTHEREZIT
VW, 1 OBGE L LT,

[#EFR & BE]

Bt & I L C ORI UG ST A OKFIZEBIT H1DOT =4 88, 3725 CFS05
DR L F OEREDOIRERIFEM % Fig. 1A 12757, CF3SO3; DF%fFfI% 250 °C Zi#E %
TeHIZ D EHEIZED L, 343°C UL ETRHIRFLLT & ro7c, Ut LT FBN4E
L, Z£OIER (FEAMRZBUCHTIO 1 FD7 v RIFAENE TR LE) 1374 °C T
T43%IT3E LT, F7-AKHICI3E (~0.1 umol) @ SO b &SN, —FH 1 DHFF
ERT 3 5 (CeHs)aS 1 152 °C THIHAE D 1.7% & 72 1, 245°C LU E Tl Sz o 7=,
Z DFERIL(CoHs)sS DIy fiRI% CFS0s D3 fiE & 0 HAKIE TRt SN D Z L 2 EIRT 5,

Decomposition of fluorochemical surfactant bearing organic cation in subcritical water
oHiroaki YOKOTA®, Kyoko ISHIDA?, Hisao HORI*?

'Faculty of Science, Kanagawa University, Hiratsuka 259-1293,Japan, E-mail:
h-hori@kanagawa-u.ac.jp. >National Institute of Advanced Industrial Science & Technology
(AIST), Tsukuba 305-8569, Japan
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— 7 AFHIZIE COy, CHF; B LY

CoHs MR S iz, ZRBOEHRE 2
DOIEERFEMEE Fig. 1B 125”7, 20 |
(C5H5)3S D \ﬁfF F %‘3‘ %) CsHs X K]
76 °C VI IKIROISEETHHR  E s
HEh, TOAEMEIZITICETH S
FHICHIIN L7, —F7 CFsSOs D43# 510
(2295 CHF3 1%, /KD CF3S03 g
DFEAFEDIK FIZH T 294 °C~ 5
373 °C DFuH TEAE ITAR LTz, &
% CO RETORIGRE TRt ’ 50 100 150 200 250 300 350 400
78, = DAL 343°C BL 1 CAY Temperature /5
\E T, 2L CFaSOs DRIS 5
PR DSRIZER L TWD &
2D, 4
345°C THMYA I L2V TS 2
S ¥ 4E, CFSOs @ﬁffa’— 33
88.5% Cd -~ 7= (Table 1, No.2), €
7, e E TR TIC %%IWT S °
}imé’@f_ﬁmy CF3803 0)?%7‘4 < 1
(T 67.5%F TIRFL72bDD, FIL
¥ 235% L 720 (No. 3), #kkz 0 —N—"—(
AW 7=84 (57.4%, No. 1) X0 50 100 150 200 250 300 350 400
Ko7z, Temperature / °C
BOSIREE % R FUREMHE £ T L5 Fig. 1. Temperature dependence of the decomposition
SHIZE A, BBEZTIN LRV of 1: amounts of (A) remaining CF3SO3 and F in the
ABTH FOBEEICAERL, £ aqueous phase and (B) products in the gas phase. An
Z7 VTR DOEE T 96.7% aqueous solution of 1 (1.00 mM) and iron powder (9.60
(No. 5), Bes2 S5 PR D6 T 93.7% mmol) were heated at 76~373 °C for 6 h under argon.

(No. 6) L7220, $kKzaimL

. Table 1. Decomposition of 1 (reaction time: 6 h
72346 (74.3%, No.4) XV 5 P ( )

No. Gas Reducing T Remaining F
N agent  (°C) CFsS05 (%) yield(%)
FEEONF AL B 2 it
N 1 Ar Fe 343 0 57.4
D5, CFSO3 D fRIXH & 29>
N 2 Ar none 345 88.5 10.6
21 oA LY HELS, hTFA
3 0 none 343 67.5 235
~ DIENDS CFySO5 DIy fifIZ 5 4 Ar Fe 373 0 743
B DHZENmhrolz, FEMIX '
S - e 2 5 Ar none 374 0 96.7
R a ° 6 O, none 374 0 93.7

[23E k]
H. Hori et al., 1) Environ. Sci. Technol. 2006, 40, 1049-1054; 2) Catal. Today 2012, 196, 132-136;
3) Ind. Eng. Chem. Res. 2013, 52, 13622-13628.
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P-103
BR A FA a9 DEEERAKSIE
Offi® #th Y, ¥ KB i 52
(IR - B, P ERBEEREEEEE 2 —)
[iZU®ic]

Tu XU LIRS - A BRAESTEKRE LTRHOMLAM T, BIRAF LY B X
PUHIIFN D DFCTEI A B TITATFLEN 2 SfEE L TRIEEL -7 DT
b5, 2SO MITERIE L UL R 2 E T BRI DB N 7= 1 &
D, ZOThN—F T Hifh, HEH. BEIEORS T A FEmy T OREICBIT S
RS LCAS WO TE 72, L LR LIEE, —HBOIEWIC S\ TEREEIC Y
THZENRHLNE R AFREBEOBRE L H 570, RN Y 2 7 MR T
SHhB Y, ZORDBREEEREDOMIACHIR - WEMKISOEERRD LN TNDHR, Zh
FTOLE Z AN O T OWEFNIFEFIZD 72 <,

HEM Xu BB HEF TOLLBEREE SRS 5 “|”
(i E T 29, s
7 Z CABIE TR ENEA SN TS RE B RN
WA F v x4 ThD Decamethylcyclopentasiloxane Me\Si\Me MeMe/S‘\Me
(CaoHaoOsSis. D5) %, WiEGFAZ T RS 5 = & % I
Bt U, BRI 1 R 3 TE 0D K I VRV L 22 A i N/ \/
WMEVEIR L2 Y . A % ARSI BUERI A S 0 | 8 PN
BT U TR 2 WA e bE s 2 L THET v & Me Me
{EEWD K 5 2 BEIMCEM Z 3T 5 2 ERMbiIL T D5

%9,
ZORER, TN HAFTIIEEFRE N AFZK T T 200~300°C D Hi G ACKRIEIZT 5
ZLTDs AR TE D Z L AW LN LIZOTHRET D,

(5]

FOSEAT > VAR Y 727 2 — (NZHE 11 mL) 12 D5 & #Efik (Milli-Q k) & A
. TINIUHTAHDHWVIET AZEAN L% EE L, 150~300 CT 0.5~6 FFfEINEL
T5H L TITo7m, RSO D5 OFERIZBERICES X Y, SR E~FH T3 H
L, B oo~ U mik a2 BKEEE T Y U A THIESE-%, —EREE CER
L. FIDBMHERBEELZT-T A a~< N7 7 |128A L TiTo7,

FOSWZ SN S BRI EREIC BT 2 IRINENGRER 21T > 7o/ . Z OEEICB T 5

Decomposition of cyclic methylsiloxane using subcritical water

OTakuya KAKIZAWA!, Hisao HORI*, Yuichi HORII?

Faculty of Science, Kanagawa University, Hiratsuka 259-1293, Japan, E-mail:
h-hori@kanagawa-u.ac.jp

ZCenter for Environmental Science in Saitama, Kazo 347-0115, Japan
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D5 DAL 99+2% TH ¥ | SstE DEIUNEEIZHE S D5 OEKRITIHETEX 5 Z L2345
Mmolz, £72. ZHUTED DEIZRIECTEMAK EIES L2 TII o Lanz & bfkis
L7,

[R5 L BE]

Fig. 1 (Z D5 (27.0 umol) & ik

(5GmL) 27 NI EHA T, 6KF
MG S /7286 0 D5 OFEFED
R 2 ~T, 150 COHLE . 20 |
D5 DEAF RIS E ZED BT 4
IR b/ o 7-, D5 D4Rl
200 ‘CULETHEE L 72D, 300 CT
HIR LT, 10 -

Fig. 2 IC&IREE 235 1) % D5 DFEAF
B0 SRR A7 2 7755, D5 O °
IR EO LR & ILITREE S U, 0 . . .
300 ‘C Tl 2 RFHIFELE CTIRIFETHE L 100 150 200 250 300 350
TWDHZ EDnD, 300 ClokiT Temperature/°C
© D5 @ﬁ\w\&ﬁ%gﬁ}im%rgﬁm Fig. 1. Temperature dependence of the
jfé” W EDOHEERIL 160 0™ TH - decomposition of D5 (reaction time: 6 h).

Tz, BBREFFER TGS 125 35
A, 300 ClzkiF % D5 Db ot
— R IOGEE ESUE 217 ht LY
TN FHR[ROGE LV ELS 2o -
oo ZORERITEFEFHK TIL D5
D3 FEDIINK G FRD I 72 5 F 012 &
HWBAL R OEE D Z EERET D,

BITE GCIMS Torfi RS Rlin &
R Z A TR Y . FEITY B WS
T2,

30

25 |-

15

D5 / mmol

30 | Reaction temperature : 150°C
A

D5/ umol

BEIER
1) #i%1Z Environment Canada, Report Reaction time / h
of the Board of Review for Fig. 2. Reaction time dependence of
Decamethylcyclopentasiloxane the decomposition of D5 at various
(Siloxane D5), Date modified temperatures.
2013.4.24.
2) S. Xu, Environ, Sci. Technol. 1999, 33, 603-608.
3) S. Xu, Environ. Sci. Technol. 1999, 33, 4034-4039.
4) H. Hori, Y. Nagaoka, A. Yamamoto, T. Sano, N. Yamashita, S. Taniyasu, S. Kutsuna, I. Osaka, R.
Arakawa, Environ. Sci. Technol, 2006, 40, 1049-1054.
5) Y. Horii, K. Kannan, Environ. Contam. Toxicol. 2008, 55, 701-710.
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BB DRI SIKFOFRT vy RILE W D5 R
B

(FRAS N B 1 PERRBF 2~V AL VAR O AS - E H # '
L F Rz By e AR - AR = 2 R E A

Photochemical decomposition of environmentally persistent
trifluoroaceticacid by use of electrolyzed sulfuric acid
(Kanagawa Univ."; AIST? Permelec Electrode Ltd.®) HORI, Hisao®;
MANITA, Ryo':; YAMAGUCH, Ryonosuke!; YAMAMOTO, Kenta’;
KUTSUNA, Shuzo®; KATO, Masaaki®

[FF]  EMRAREE & I3 2 BRI L TR LI D3 T, 2000 0% 0 b B FEEERIC

BT, LYRAMRERBEDOBRETETHONONTVWAEH LWKISHITH D Y, BRI
H— 2L Clde <, ~OvA Y A 4 (S,04) RooULA kY —HilgA A

(HSOs), X 5IiiEfefb/kz®E (H,0,) &Wo7l-B b bFEN ORI TWA EEbi
TWAHN D, ZOMAITRIFZ S 5 5 72 ORI NS,

—7J7, S,06% 1XEEAMEIRETCIMBNC L v m VB 2 BT DHiERA 4TV v (SO,7) %
BT HZENmbNTWD D Fexld o E TRT oIBR8 SR A R 7 v FEWm
ThHhoHIVT)A A VR EEE (PFCAH, —fi% CF2nCOOH) o 4L 5 DS HEYE IC
DNT, S,06% TR L THEIRE 9, B D, F/-I10BE R A2 9522 L T7 vk A F
vl TR E E TR IR TE D L WA L CE o, AR CITEMAER 2 LR
S TAFO RN ZAafiig (TFA, CFCOOH) % FB LN CO, EF THMTEXEME I )
T2, EBITIZF DORUSHEDN I H D S,067 DUAGTR T 5 KyS,05 2 FWT- A & Bip D
89 E L= D TS T 5,

[SE6k]  ERMIEE & L CIXHIATRE R COMBRALTRERE (K1 B0 B85 b 5 B b RER &
JLA Y TR RS ICHAE L) 2853 mM T, WiEAE 1L5wt% e b DAL, 2D
HHCHEET D S04 B LY HSOs ICHOWTITBHE DA A/ u~ v 757 4 —Tide— 27 MR
Bonnoliz® ATR-IR HEB L CBML —V =TI~ ik ceEnEhEE LT,
H,0, DEEIZTF X R N7 4 U AETIT-

7o BUSIX TFA (107.1 umol; 5.35 mM) %5 300

B RhTERR (20 mL) Ziit 7 v koS o
BOSV T 72— A, BRFEFFPSF CHike 250 F = o © o
LAROKRxE T T D8I il o

Jt (220 nm~460 nm) ZMRET 5 Z & TIiTo g 200 R

oo KISOBEFRZRET SRR S . 4 4
LUT I E =Dy RART g s — 5T CO,
(254nm) A LCHEARS L, 72 E o © 4

BREREE O 0 ICBREFEE T O S04 & [F

BIED K,S,00 & VTGS, BAERRE T | 8 TFA

H,0, & [RIIE D H,0, & AVVEBUS BAT - 72, ® .

FSHT 1, KD TFA 24 oy m~ oo————— 3 *—o—
NTT4—T, FeAAtrru~ 7T 7 Irradiation time (h)

4 —TCEELE, A AR n~ 77 Fig. 1. Irradiation-time dependence of
4 —IZBWTIE TFA O B — 27 SRUSERIK TFA decomposition by use of

WL EICFET DA Ao —27 Lt electrolyzed H,SO, (irradiation

L TWEOTORELOHERA 42 % wavelength, 220-460 nm; initial TFA,
BrELCHIEEITo 70, F2, KARAERDIT 5.35 mM).
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HAY v~ s 757 4 —ThHt Lz,

[#EH L EZ2)] AL -BMRMEET I
S,05° HSO:, 3 L WV H,0, AF 14 31 mM,

23mM, 058 MM & £ TWD Z &R gmoTz,

Fig. 1 12 Z OEMHEEZ A W=5E5 0 TFA O
R B O SRR SRR A7 2~ 3, TFA @
IR EAE B TR & o — I RO EE 2T
o THA L (k=0.567hY), 6FE%ZICITH
HIBRRLL T & 7e o 7=, [RIFFIZAKRHIZIE F 23,
SHEIZIE CO, AL, 6 BT FR L
W CO, DI (KHETD TEA D 7~ Fi 1
BILOREBERFEEEEL LI2HE) 1322
N 85.1%, 84.1 %I\ LT-, HEOEE WK
ISFEERORE R % Fig. 2 127~ 3, TFA OJ/ i i
(BUSHIEA D, TFA DK P AFAE B AR 5t
L CHEMRAICHED T 2R R L 0 SRbd 72 )
1% 8.65X10° mol/min ThH-7-, —7F, Z D
A BOS TR ISR & 7= e &ld 4.30x107
einstein/min TH 7272, ZDOISZBIT D
TFA OB O B O FIERIT 0.20 & 72>
7=, Fig. 3 ([ZEMREEH O 8208751 [FIR EE D
KS,08 /KA HE 2 N2 55 @ﬂﬁ\%@t%
FEFRAFIE 2 o~ T, BEEE 2 H T2
CIRBELD, KD TFA OFEE &3 &ﬁm
R RS Tl L7723, %@3@“7@%& (k
=0.292 h™) IXFEMHREE DA DIZIZ 455 Ol
Lo, ZOZ LI K,S,04 L0y %ﬁ*ﬁllb@ﬁ
DIFH TFA O3z R Z L Tnad Z
EEBEWT S, —F, BB o Hzozé:lﬁ
D H0, % AW 3HA I TRFA 132 < Ay i
Lo iz, ;m%@n‘*%ﬁ%/\lﬁlﬁﬁam&
TFA 29 % BARNREE O B\ SOGPETT
\ZAFAET D HSOs BRIKTH D Z & AR
SNz, ZORDBITE, BT O HSOs
&R EE D HSOs % VT TFA D4 iR 325k %

1T TWD, FERIZHOWTITEREDOBEICHE

T 5,

[1] 3K ER, HEEL T, HZ L E=— 2009,
64, 38-41.

Amount (umol)

Amount (pmol)

140

120 TFA © F_
®
100 PY
80 |- o 8 A
60 ®
40 | O A\
20 | Q A COZ
0@ 1 1 1 1
0 2 4 6 8 10
Irradiation time (h)
Fig. 2. Irradiation-time dependence of
TFA decomposition by use of
electrolyzed H,SO, (irradiation
wavelength, 254 nm; initial TFA, 5.35
mM).
300
250 F_ ©
200 o
A
i o)
150 a COZ
100@ g 4
50 |- * » TFA
OO 1 1 1 1 1 ,
0 1 2 3 4 5 6 7
Irradiation time (h)
Fig. 3. Irradiation-time dependence of

TFA decomposition by use of K,S,04
(irradiation wavelength, 220-460 nm;
initial TFA, 5.35 mM; K,S,0g, 31 mM).

[2] C. W. Johns, Applications of Hydrogen Peroxide and Derivatives, 1999, Royal Society of

Chemistry.

[3] C. Brandt, R. van Eldik, Chem Rev. 1995, 95, 119-190.

[4]H. Hori, A. Yamamoto, E. Hayakawa, S.Taniyasu, N. Yamashita, S. Kutsuna, H. Kitagawa, R.

Arakawa, Environ. Sci. Technol. 2005, 39, 2383-2388.
[5] H. Hori, Y. Nagaoka, M. Murayama, S. Kutsuna, Environ. Sci. Technol. 2008, 42, 7438-7443.
[6] H. Hori, Y. Nagano, M. Murayama, K. Koike, S. Kutsuna, J. Fluorine Chem. 2012, 141, 5-10.
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(FRZEJIIKER, Institut Charles Gerhardt) O;5H /R, 8 A B, Abdellatif Mansei, Bruno Ameduri

Oxidative decomposition of fluoropolymer FEP using supercritical water

Tomohisa Seita®, Hisao Hori*, Abdellatif Mansei?, Bruno Ameduri?
Faculty of Science, Kanagawa University, 2Institut Charles Gerhardt

h-hori@kanagawa-u.ac.jp

Decomposition of typical melt-processable fluoropolymer, tetrafluoroethylene-hexafluoropropylene
copolymer (FEP), in subcritical and supercritical water was investigated. Although the polymer
showed little decomposition in pure subcritical water below 350 °C, rising temperature increased the
decomposition of the FEP, and the decomposition was dramatically accelerated by addition of oxygen
gas. When the reaction was performed at 380 °C in the presence of oxygen, at which temperature the
water became supercritical state, the yield of F~reached 72.3 %. In contrast, when argon gas was
used instead of oxygen, the polymer showed little decomposition, and CHF; was formed, which
amount was approximately 20 times that under oxygen.

1.#8

7 v F#AR Y~ — XM IR AL . THEE S OB EEZ 2 A LTV D, 207
Bl 72578 TR BV TUW D DIBEFEWY) O 3 IRV T IE SR TENTHESL ST, BERILSy
IXATRETH 578, 8E 7R C-F AN DR > TWAZOET RN =2 BEL T 571 THL,
BERIRF AT D 7 ALKFEHT A (HF) T2 0 DRBRIRIFM B UNETH D, Z D7 DBLK
TIEBEFED O RFH O TS SN TN D, TR 7 v #E R v —DFETH D 7 vk
T L (CaFy) DAFEREEEC /2> TWDHN, 7 vFERY ~—DREEY IR SMET
T oitA A (F) £ THMRTENIL, AT T DFIC LY CaR (B TE LD T v
FEIROTEERFI AN ATREIZ 72 D

ToFER)—D—FETHLRY T FTF 7 FaxF L (PTFE) [T 7 » #FERY
~—OWEEAL, 7vFER) v—2FED 60~70 %% 5O TNDLH, BRI TN TE 20
EWVIORERD D, THNERRT DO T FTRERER 2 72 7 v HBAR Y =~ — 03 BA%E S
Nice 7hI770FdnxzF Ly —~FHh74n oL EmEEK (FEP) 1ZF20—fTH
%, FEP X PTFE (ZHAD LHEWETIZS 56O D, FEREMHIZFREOMWEZ A L, ot
BHH PTFE IRWTRWZ 8, B BN OB g, BEMEFEICEH ST D, AR
FECIIMEFR T A 2 I CHEER SUK OB G FKCIREE (5374 °C. >22.1 MPa) T® FEP Ok
fig 2 MEt LT,
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2. EER

FOSIZME Y 77 7 212 FEP (30.0mg, 7 v REA R 749 wt%) &K (30 mL) % AL,
MREEIIT VI HA (13.3~26.6 mmol) ZEAL7-%EE L, —ERFM (3~24h), 300
~380°C TS 2 Z & TITo 7o, G | £ TR’ L.,

\ l] j‘é - 1To }i}_ﬁ:fﬁ\ =¢8] T\J\v‘ AECFZ_CFZ]_ECFZ_CF%
SMEATAI < NI 74 —BRLOTAIa~ N7 T 7 n | —m
CFq

4 —EHEBONIET, KBEA A7 u~ NTT T 0 —THIT

L FEP (n/m=95/5)
3. HRLEER
FEP D4R & L CEHMIC CO, L&D R Y 400 r

TvA T AL (CHF3) 23, KFHIC F2MRH S iz,
iz, 2L D5E. BAoKEL Rohi,
Fig. 1 [Zf#58 4 A % 26.6 mmol & A L T 6 Keft] S
S ¥ B DA OYVE B DT EER AN Z2 =4, ) 100
DB &I FR LU CO, DAERERITHIMLIZ, N =
3 —3a N > MRS - 300 350 400
380°C TlI FIH LW CO, DAERITEIITHEML, F Temperature/ °C
INERIL328% (MSHETIORY ~—HD 7 v BJFAD Fig. 1. Temperature dependence of the FEP
= 5 . . S ; decomposition: detected amounts of F~ and COz.
WHEEZ L LI2H) (SELTZ, —J7 CHRs DM Eep ang pure water were introduced ino the

= 0 = 7 0 ST L reactor, which was introduced with oxygen (26.6
Bt(3 350 °C ThA L 72, 380 °C T LTz mmol) and heated at 300—380 °C for 6 h.
Fig. 212 380°C 2815 FE LW CO, DAERKEDK

300

200

Amount/ pmol

SRR AFME 2 g, 38 LU CO, A Ak R IR & 1000 -
TN U7z, 24 BRI O FUICRIT 723 % & 720 | E 800
18 Wt & b F VLA RN S LD ZORETHE S 600
HRHIRDIRR L B2 Hs, S 400
Table 112 F 45 LT CO, DA RIS RIETHAL 2~ L0
(WE & : 133 mmol) DR E RS, T T A% v
WAL TCRIGEIT> 726, FRB IO CO, DARKET 0 8 16 24
Pk T A DA L0 b REICHEAD T 5 —F T, CHF; Reaction time/ h

) Fig. 2. Reaction time dependence of the FEP
DEREITHRI 205 L 72070, ZHVE VEEFR T ADEAN  decomposition: detected amounts of F~ and

N o N CO2. FEP and pure water were introduced into
INBE o ARG |7 A e -
M3 FEP D53fif « BEAGICRITH D Z 3B the reactor, which was introduced with oxygen

ot (26.6 mmol) and heated at 380 °C for 3—-24 h.

Table 1. Effect of introduced gas to the amount of reaction products®

Gas CO,(umol) F~(umol) Fyield(%) CHF3(umol)
0, 193 463 39 0.58
Ar 23.9 36.3 31 11.3

 FEP and pure water were introduced into the reactor, which was introduced with gas (13.3 mmol) then heated at 380 °C
for 6 h.

4. Reference
1) H. Hori et.al, Industrial & Engineering Chemistry Research, 2014, 53 6934-6940.
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Efficient decomposition of vinylidene fluoride based copolymers
in subcritical water using hydrogen peroxide

Hirotaka Tanaka?, Hisao Hori?, Abdellatif Mansei®, Bruno Ameduri®

8Faculty of Science, Kanagawa University
®Institut Charles Gerhardt

h-hori@kanagawa-u.ac.jp

Decomposition of typical vinylidene fluoride(VDF)-based copolymers, that is,
poly(VDF-co-CTFE) and poly(VDF-co-HFP-co-TFE), where CTFE, HFP, and TFE are
chlorotrifluoroethylene, hexafluoropropylene, and tetrafluoroetylene, respectively, in
subcritical water was investigated. These copolymers were successfully mineralized to

fluoride ions and carbon dioxide in the presence of hydrogen peroxide.

1. #E

7y AT~ — X B | S FE OB N A
FEOl0 Rk 2 REE X R TR A SN TWD S, # 5y i
PE D723 BEFE W) O 3 fift WL ER 5 15 A3+ 43 ISHE SE ST
R0, BEALELIZ R RE THDH N, B =R F — B Poly(VDF-co-CTFE) (1)
TR AR T DT v K FEH AL 2 HALD FEER 72
FMRLETHDL, CNODBEFEMEZ T bW AF 2 (F)
ETHEMAEMETHMRTENRX, IV AAF UL KIG
SHBZETTHMEIN T T LB TEDTD T FEE IR
ODFEAMAIZCEBR CES, RV 7vfbe =07
([CH,CF,]a. PVDRIZVF U LA A B DA H— 5
W SN TWE 7y FER)—Tho, $& 2 1ZLLHT, PVDF % W FE T AZ LT #
B A K (>374 °C)F TRISSHAHIETF ETRABICEM(L TEHILY SHICHKET
DRV H0, 2 W5 E 300°C O K o Thog 2 ICEMAL T 528 22 Wb Lz,
A [a11% Poly(VDF-co-CTFE) (1)3 X Poly(VDF-co-HFP-co-TFE) (2)I22W\ T, i
FK o T H0, & W05 R OGS W it LTz,

Poly(VDF-co-HFP-co-TFE) (2)
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3. HEREER
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1ToT. F-BILAIE LT2MH,0, % 5mL Il 7=
KIS B AT o 720 Kt O D5 O F BT HIc S X 9,
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CHZs)IRBRL, 20041, SHbgs)IIRTRR) ORBEIERE", FJE 152 &T7E1E° HEEm L2,
NI N
¥ —U— F [REFER, BEARE, ki, a7 - o U]

1. ¥68 Fx 1L E TITPPh, PtBI, PtsTiZg E D& B L AT/ ki £ H CTXHE, A%/ —,
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3. BRBELUEE Fig 112 PU/CB, PtPb/CB,

PtsPb/CB, Pt-RU/CB, Pd/CB (2331 % b it

OFRBEEVE R i LT RV 2|7 T D aoRT,
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B L7z PtsPH/CB 23 b i WVEHE 2R L, IR
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PAER L, —J5. 7B VIERRICB VLT
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L7z PtsPb/PtPb 238 b MV MEMEAZ R LT,

R, =& 7 —/VORBLEIGTIX 2 BeRIEIC

£ % PtsPb/PtPb 23FEH 1T RAF 7 flieyE A3

15 5 AUIBE T ISRIERE T T D Z R

ML ieolz, i, 2B OIEEEY A e 1 1LSVs obtained in 05 M FA + 0.1 M H,SO,

TN AEBENTHHEBEPE T L2V &2 (A), 0.5 M MeOH + 0.1 M KOH (B) and 0.5 M EtOH
. + 0.1 M KOH (C) aqueous solutions with (a) one-step
. - I\ 3 -

BirETe o, ZIVESIR D RHIEIC LY reaction synthesized PtPb NPs/CB, (b) two-step
F R TFOREEEE VDB L, FORE, reaction synthesized PtPb NPs/CB, (c) Pt NPs/CB, (d)
. RS e 1o e PtsPb NPs/CB, (e) Pt-Ru alloy NPs/CB and (f) Pd

VP | 7 B 90 - -
B PRIV E LT S BRI, NPs/CB-fixed GC electrodes at a scan rate of 10 mV
SCHR (1) F. Matsumoto, C. Roychowdhury, F.J. s and an electrode rotation speed of 2000 rpm. Fig. D
. - represents the dependences of the oxidative mass
DiSalvo, H.D. Abrufia, J. Electrochem. Soc. activity (MA) at -0.1 V (vs. Ag/AgCI (3 M NaCl) on
155(2008) B148-B154, (2) F. Matsumoto, the cycle number with Pt NPs/CB (o), PtzPb-PtPb

Electrochemistry 80 (2012) 132-138. NPS/CB (#) and pure PtPb NPS/CB (o).
(OTakao Gunji, Sho Usui, Shingo Kaneko, Toyokazu Tanabe, Futoshi Matsumoto
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3. HERBIUME 2 IAECERINIZ~vA 7 a~y  BEKROEME S E
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Welbk g, SRmmis rEAIE 2 ol L 72 SRR s VW T B
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Biarm L Cnd, KHETHKEDFENFEIZ L > TEZOWIENR

BEIL TV 50, BEILKED AT ERIZE O CTIE 5

ICBENERER KR E S o CnD Z EnNbnd, £, FHEiE T3 AUPL~ A 7 RS K 2 L
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B LT,

OFutoshi Matsumoto, Takuya Kuzuoka, Tomohiro Koyama, Shingo Kaneko, Toyokazu Tanabe
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Enhanced Oxygen Reduction Reaction and Stable Long-Term Activity on
TiO,-supported Dealloyed PtCu Nanoparticles in Acidic Aqueous Solutions

T. Gunji®, K. Sasaki®, A. J. Jeevagan®, T. Tanabe?, S. Kaneko? and F. Matsumoto ™)

D Department of Material and Life Chemistry, Kanagawa University, 3-27-1, Rokkakubashi, Kanagawa-ku,

Y okohama-shi, 221-8686, Japan.

2 Research Institute for Engineering, Kanagawa University, 3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama-shi, Kanagawa
221-8686, Japan.

“fmatsumoto@kanagawa-u.ac.jp

Recently, there has been an increased interest in polymer electrolyte membrane (PEM) fuel cells that use
hydrogen gas (H,) fuels and oxidant of oxygen gas (O,). However, in the present technologies, the fuel cells
require expensive electrocatalysts containing platinum (Pt). In order to develop a promising fuel cells which
satisfy the demands from both economical and environmental points of view and to spread the application of
PEM to various areas, the oxidation reaction of H, and reduction reaction of O, (ORR) at anode and cathode
have to be accelerated more while at the same time decreasing the amount of Pt used as electrrocatalysts. More
recently, dealloying, the selective dissolution of elemental components from Pt-based alloys, is currently being
used to tailor the morphology and composition gradient of Pt-based alloy nanoparticles (NPs) for catalytic
applications. It has been reported that the selective dissolution of the less-noble component from the NPs
typically results in enhancement of electrocatalytic reaction. In addition, we have reported that PtPb NPs
immobilized titanium oxide (TiO,) showed substantial electrocatalytic activity for ORR." The nature of the
support as well as their interaction with the support, and the electronic structure of catalytic sites all most likely
influenced the observed accelerated electrochemical behavior. The synergistic effect of the favorable structural
arrangements of Pt atoms by dealloying and the electronic interaction between dealloyed NPs and TiO; is
expected to produce superior ORR activity. In this study, dealloyed NPs/TiO, were prepared with the PtCu
ordered intermetallic NPs, followed by dealloying of Cu atoms from the PtCu ordered intermetallic NPs. The
electrocatalytic performance of dealloyed NPs/TiO, for ORR was examined from the viewpoint of activity and
its stability. Dealloyed PtCu NPs/TiO, showed a substantial electrocatalytic activity towards ORR compared to
conventional carbon black-supported Pt NPs (Pt NPs/CB). The current densities at 0.9 V (vs. RHE) were -4.0
and -2.0 mAcm™ on dealloyed PtCu NPs/TiO, and Pt NPs/CB, respectively.

References : 1) T. Gunji, G. Saravanan, T. Tanabe, T. Tsuda, M. Miyauchi, G. Kobayashi, H. Abe, F. Matsumoto, Catalysis
Science and Technology, 4, 1436-1445 (2014).
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Synthesis of Pt and Pd Based Intermetallic and Bimetallic Nanoparticles on Semiconductors and Their
Photocatalytic Activity

A. J. Jeevagan®, T. Gunji¥, M. Hashimoto®, T. Tanabe”, S. Kaneko?, and F. Matsumoto ™

D Department of Material and Life Chemistry, Kanagawa University, 3-27-1, Rokkakubashi, Kanagawa-ku,
Yokohama-shi, 221-8686, Japan.

2 Research Institute for Engineering, Kanagawa University, 3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama-shi, Kanagawa
221-8686, Japan.

“fmatsumoto@kanagawa-u.ac.jp

Semiconductor photocatalysis has drawn great attention due to its environmental and energy conversion
applications." A number of materials (TiO,, WOs;, SiO, AlL,O; ZnO) capable of using organic compounds
decompositions and energy conversion. However, their band gap structures are not exclusively appropriate and also
the corresponding rapid electron-hole recombination rate consequences in low efficiency. Hence, the photocatalytic
efficiency of these materials is not competitive with conventional decomposition methods. In order to improve the
efficiency, loading the semiconductor with highly dispersed cocatalyst nanoparticles (NPs) candidate that spatially
separate the photogenerated charge carriers is a feasible approach for enhancing the photocatalytic activity. When
the semiconductor materials decorated with noble metal NPs as cocatalysts, is an effective way to improve the
photocatalytic activity. On account of the high cost of precious metals (Pt, Au, Pd), minimizing the metal cocatalyst
loading at the same time as simultaneously improving the photocatalytic activity and reproducibility of these
materials is essential in making of these photocatalysts for practical applications. Moreover, tuning the
semiconductor materials and the synthesis approach also play vital role for photocatalytic efficiency. The above
requirements call for new way to design the photocatalysts. Thus, the photocatalysts designed with intermetallic or
bimetallic NPs framework on semiconductor increase the overall efficiency. Recently, we have reported that the
WO; loaded PtPb intermetallic NPs shows enhanced photocatalytic activity towards organic compounds
decomposition (acetic acid and acetaldehyde).? In the present study, we have synthesize the intermetallic (PtPb,
Pt;Ti and Pd;Pb) and bimetallic (PtAu and PdAu) NPs on semiconductors and examined their photocatalytic activity
towards organic compounds decomposition. The intermetallic and bimetallic NPs shows enhanced photocatalytic
activity when compared to pure semiconductors and nano sized metal cocatalysts.

References:
1. S. In, D.D. Vaughn, R.E. Schaak, Angew. Chem. Int. Ed. 51, 3915-3918, 2012.
2. T. Gunji, T. Tsuda, A.J. Jeevagan, M. Hashimoto, T. Tanabe, S. Kaneko, M. Miyauchi, G. Saravanan, H. Abe,

F. Matsumoto, Catal. Commun. DOI: 10.1016/j.catcom.2014.07.013
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1. Br FoxidXmE, A% ) —L, =X ) =)L EOA
B> 1 O LIS A3~ 2 BRI & L-C, PtPb, PtBi,
Pt;Ti7e EO&RBELEW T /Rt E VWD & 2185
LT&TW5, AIFZETIEIN SO G E S SR
ESEDZ LA, SREEE T/ bR
EESEDLZ EEERT, ARdEE LTH k&
B CART % HiEE R, 2 BREAY D PtPb( =
T)PtPh(> = /WG AR L, ZOfiniE % PtPo)- /
BT &g LTz,
2. A& Ethylene Glycol Z¥RMEE & iEcAl & LTI L,
H—R7F w7 (CB) & Pt ORIBHAPICODCL)E Pb
DHTEAPHCH,COOQ), * 3H,0) ZIRA &Y, ~4( 71
WAWET2 Z LI k> TLEBEEIC X 5 PIPOICB 245
7=, [ARIZ Ethylene Glycol Z-fififf L, Pt/CB filiit & Pb
AR ZRA S, ~A 7 s B35 2 BEiAIC &
Y PPOICB % 137-, Ak Lizfillftlz o\, fig - 700
VKRR COXWE, =& ) —)Lis E ORISR
DINEREMY A 7 U > 7RV H A U —Z I filit
TEMEHm AT 27,
3. ERBLUER Fig 110~ A 7 iR Y A—Esx
FAWTAR L7 PPOICB @ X #RIEIHT K (A) & Y
HR-TEM 4(B)%71~9", PtPb/CB | PtPb fE#E"— 7 L5¢
BB L TWDH T ENBIESIN, 2 BEETARLTE
PtPO/ICB X Pt D v — 2 [T ST, BERIIZ P A A4
2 Pt 2RI ESE LT Z B S
72 F72 HR-TEM #25 PtPh J/ ki - 0k& 144 2153
L, 1 BYp7EIC X % PtPb 13 PtPb 4@ R LA oo g &
—H L TR N & IR DV T 2R T D
T EMBI S TR, 2 BERREIZ KD PPh A& DN
11 PP R OEFIRTH Y, FikifEdx PP TH 5
Z L IMER T 7=, Fig. 2 IZ PYCB & PPO/ICB (Z331) D
{EBIS OftEE I %t LRV 2 £ 7T Dk,
PtPL/ICB | LW TN O L SUSIZIW T PYCB & EED
S ER R U, E7o RO EAORIE 1 Bz &
% PPOICB Db Ve A R LT, LnL, =&/
— VOB UG T 2 BFEIEIC L% PPICB 233ER IR
U7 SV ED S O A UMY EPE | SRV U d 2
ERALMNE ISz, THUFER A GRBIEIZ LY PtPb
TR ORGSRV, ZORER, AEEEC
WENAE U LB U, Fin, 1 BEEIZ X D PPICB
VDA 27 VR0 IRTITHE, RIS 5 73,
2 BRI K% PIPOICB 131 7 V&40 IR L C b ik
PEZRRFT D RS L AT 5 2 & DMBIEL S (Fig. 3).
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Fig. 1 it X e (A) X OVHR-TEM {4
(B). 1 P4 FVCARL L7= PIPOICB (a), 2 Bk
Z I TARE L7 PPBICB (b) K2 U} 20 wi% PH/CB (c)
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& B LAY PtPb 2 Bhfihitt & U 7= Sefibit oo & Ak &
FERR O 3 fIREOG S 331T D ARETEE O 74l
Preparation of Intermetallic PtPb Nanoparticles
And Decomposition of Acetic Acid over PtPb/WO4
of i ARELRL T, EREIEAE L, HBER Y &TEES RALT
DFRARNIR T, 20007 1R L
(=1

AT M B T BT WAL Z o 7 25 L (WO IE A4 (PY A B fili & L CTHWS =
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TOTLENTEDLZENASNTVD[LL, LaL, 25 ONRBER SR, Bl oo 823 RS s R
FLTRLT, B B, [EET A ESHD CTEETHD, — 5T, Fxld Pt LE(Pb)D4JEM
&% PtPb A SRR & L CHWD 2 &2 Ko TR DR ITHIGR T V3 — /L OB LL & 2h 3 L <
EITSHEDLZ LTI LTS [2,3], AMFZETIE, @@ bE PtPb 7/ ki1-(PtPb NPs)Z BifiifiE &~ L
TS LGB 5 WO OG22 RET Lie, E7okESEE ~A 7 mlER ) A —iEEil
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U7 filfiE 2 5 pk U, e 2 WO Rl lCBIfilil 4 Z o & MZHEFF L7856 & ik d 5 2 & T fil
BERE D FOGH IR AFME 2 T L7,

[ 28 0715]

Pt NPS/WO; DA kIL, HHEAEE AW TIT 572, WOs % 5 Ee /0 BUKIEIRIZHi L B4 (HPtCls-6H,0)
ZNZ 1.5 h aJHERRE O > 420 nm) 21T o 70, D%, BHRETHLA X 7 — NV EIMAx, S BIZ[REER
DOHIFT 1.5 h SEIREF 25 Z & 12 X > TPt NPS/WO; #4#37-, EIRIEEF PtPh NPS/WO; D& ffIE, ~ A 7
DR Y A= EE AW CAEREITo72, T F L7 ) a—LEREMRETHIE LTERAL, S5
Pt NPs/WO3 & FEfEEh Po(CH3COO), 2 MM X 7= isiitic~ A 7 a2 i3 2% 2 L2k v, PtPb NPS/WO; %
AR LT, T & MCHE L7 PtPb NPS/IWO; DA RIF LA LD FIEZ B E 7. HPCls - 6H,0 KT
Pb(CH3CO,), # =F L > 7Y 2 — LI CRIFFRIET % 2 L 12 Lo Tz, 15 b filltic > T, XPS,
TEM. STEM, EDS OWVEREA 24T o 7o, JOARIRETE P4 oD I | 3 PASHE B 3R SO SETE 2 el & M AL et
A U 7o W KA A VY, IR 420 nm BL B OSBRI T
TRIGEFTVY, COAERK % GC(TCD)IZ LV lE L=,

(RS - B

Fig. 1 (Z& % L 7= PtPb NPs/WO; St o> XPS I & fi 5
T, Pt EOVPPh O/ L7 (RO P fLED B — 7 %
s 2 L, @EEbeEmbT o2 ickve—r o7
FRALTED, Ak LIZZNZiLd PtPb NPs/WO;3 X
PtPb D/ 3L 7 iR E BFIRENTERIC—H L TWnDH T &
NS N, ZOZ EnD, Pt Pob®F /K 1-1X WO;3
ETRBREEMERRL TS EEZBND, 77 76 75 74 73 72 71 70 69

£ 7= bk LI D TEM B AT oT- b =5, 5 indne eneray /¥ \

Figure 1 Bk L7727 ¥ Lk (a) K UNER
ZAHER, IS D O Oz BV T WO il

N RIEED)IZFH T D 1 w% PtPb NPs/WOs,
2 N ~ ~ AY S
Bhfsbit ¢4 % PtPh NPs 73 2 nm~6 nm T4 L T\ S EEF- BtPb /L 2 T O Pt /<UL 2 0 XPS il

Intensity / a.u.
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FEAEEIT LD 5 72DIZk L, Pt NPs & WO; EiZ
LTS RO DRREUS IR Ly BB Figure 2 Apk L7z T v 4 AR (A) K IR
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[E30 Figure 3 WO3(a). 1 w% Pt NPs/WO5(b), —
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[1] R. Abe et al, J. Am. Chem. Soc., 2008, 130, 7780-7781

[2] T. Gunji and F. Matsumoto, et al, Cat. Sci. tech., 2014. 4, 1436-1445
[3] T. Gunji and F. Matsumoto, et al, J. Power Sources, 2015, 273, 990-998
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Synthesis of Pt-Pb alloy loaded rutile TiO, nano-rod photocatalyst for acetic acid oxidative decomposition under UV
irradiation
Toyokazu Tanabe,* Wataru Miyazawa,* Arockiam John Jeevagan,' Takao Gunji,* Satoshi Kaneko,* Masahiro Miyauchi?
and Futoshi Matsumoto® (Kanagawa Univ.,* Tokyo Tech.,?)

1. BM

UTAE, PtARERE WO Yol od X 5 12 Bhfibih o> TIZ & 2 YERhBER I o miE A IZ BT 2 R 9823 i A T
TW5 L ZNE COBfMBEOMIETIE, H—D&BE2RAWEFMFEALTHY, 20U EO&RE AW
B L OIZTTE & A SN AR IES IR (PLP, I 55) & 55 2 iR SR DO SR0fE s A B b S8 5 2
& CERBOHIE - RS ORESE - BBLE TG OFRMEM B2 Sk x Rt 21T 2 &N TE, &
BRI NS % FEBLIATREIC T 2 filid & L THETH H. 2N E THA Z v —7TlE, B&P)E—2R
& L7Z PUEEAEEEIEMA OBmAEEE L CHWD Z & T, EROH &Rl e~k & < fliEREE s
METHZE2HELTEREL 22TIO Pt EASOENT-BEEZ BB IS A5 2 & T, Sttt
FOSDEFNIFRICIZOWTRFT 2 Z &2 B E Lz, ARBFFETIE, bl & U CGRICEIGY & BLRSS 0
ZEMIN B L TV B LT VR TIO T/ vy R 2PEAWT, Flix OASMRI-HEHEIZ L Y P-PO/TIO, T/
2y REGHL, 6T COREREO R G2 IE Uz Bl O HEE S 2 8 S i O W05 41k
(2 & 2 ISR A~ DRI SOV TR 21T o 72,
2. EBR

=HAETF 2 ERICHAE T U U A EINA, KEVERL (180°C—6h) IZ KL W L FAITI0 T/ vy RaEaRkL
7=. Pt-Pb #KI 7-/Ti0,1%, Xe 7o 7 H#HWHATHIET Pt )/ vy RICHEFSETRIC~ A 7 vk iRg
L DRV A—EEZHNT Pt & Pb ZE8(LEWD 2 BrfEAEE, R UA—9E (UL NaBH, #ot) D
D1EAMIZEY ALz, %% 5 wilFERRIAIRIC /B St Xe 7 72 B L, -4 (L >350nm) B
T L DEEE O L/ ARIC X 0 Ak d 5 €O, BT K - THfilt
TEME % g L7 @ (b)
3. BERBKLUEE

lalFAmk L= TO, /2y RKOTEM#BTHD. /7
2y NiE 3 DOEZRDFEMEENAFER L TR Y mOBLmPED
R TE S, Ha - b0 etriic L0 vy NMilmA &
TeESs, s AL THhDH T L AR LT, 3 TiO,F / 1w K TEM & & HifE Sh ik
Hrit+aR U A — /WED 2 BeEG RDGEE, BITIS A b (a),2 BBSARIC X 5 PLPb/F/ 2 v R(b)
T 5 {110} 1T Pt-Pb A& 23 BRI S U T
72(Fig.1b). —7, RV A— /L EIZ X 58 RA 42 OREF
Bl BEA ) DAL, vy ROEHESE &R T v
A IZ Pt-Ph ki 28 HEF ST 2. Fig.2 IZ8RAEIC L D
WERE D SR b o FRBOGCTE RS R 2 n . 2 BeME AR 1 B2 &
& L CE LS @iEETH - 2. 2B e osm Bl
Pt-Pb A4 2 SR IR L72 2 & C, BRE OIE TG DML
i, FHEETOWENENM ELZZ ET, BEWNOEMES
WZ R DSBS nizlcd LEZ b D.
(1) R. Abe, et al., J. Am. Chem. Soc., 130, 7780 (2008) ()% 2 X T.
Gunji, et al., J. Power Sources, 273, 990 (2014). (3) E. Bae, et al,, 4 Pt-PObITIO, T/ & v KOEREEIEE LS
Appl. Catal. A: Gen., 380, 48 (2010). il SO (S84 A >350nm)
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Facile Synthesis and Photocatalytic Activity of Visible Light Driven Dual-Cocatalysts Loaded
Tin Oxide (Sn30,4) Semiconductor
Arockiam John Jeevagan®, Toyokazu Tanabe', Takao Gunji*, Shingo Kaneko®, Naoto Umezawa®, Hideki Abe®,
Futoshi Matsumoto®
(Kanagawa Univ., ' NIMS ?)

1. Introduction Nowadays, photocatalytic hydrogen production from water splitting has been attracted much
attention in the energy and the environmental concerns. In particular, visible light driven water splitting for
hydrogen production could be increase the interest because of the efficient conversion of the solar energy to hydrogen
fuels and also minimize the energy shortage issues by replacing fossil fuels. A variety of semiconductors and
core/shell structured photocatalysts exhibited good catalytic activity under visible light irradiation in the presence of
sacrificial agents.! However, the efficiency and toxic nature of materials for visible light driven photocatalysts are
still far from practical applications. Hence, a photocatalyst to have eco-friendly and visible light active materials are
important in photocatalysis. Moreover, suitable cocatalysts on photocatalyst surface play crucial roles in
photocatalytic reactions. In addition, a site selective deposition of cocatalysts on photocatalysts could be minimize
the surface charge recombination rate and results the enhanced photocatalytic activity. Recently, it was found that
single metal cocatalysts (Pt, Pd and Au) to dual-cocatalysts containing noble metal and metal oxides (IrO2, CoOx,
MnOx, etc...), would enhance the photocatalytic activity.2? Herein, we report the synthesis of dual cocatalysts loaded
non-toxic, tin oxide, (Sn304) and its photocatalytic activity under the irradiation of visible light.

2. Experimental The Sn3O4 material was synthesized by a reported hydrothermal method with slight modification.4
The dual cocatalysts loaded Sn3O4 photocatalysts (Pt/CoOx/SnsO4) were prepared by first photodeposition of Pt and
then metal oxide deposition by impregnation method. The photodeposition of the Pt was achieved with H2PtCls as
the precursor. Typically, SnsO4 (0.2 g) was dispersed in deaerated CH3OH aqueous solution (220 mL Milli-Q water +
50 mL CHsOH), then calculated amount of HoPtCls was added and the suspension was then irradiated by a 300 W
Xe lamp (1-42) under Ar gas with continuous stirring for 3 h. After 3h, the suspension was centrifuged and washed
with water followed by CH3OH, and finally dried at 60 °C for 10 h. Pt/CoOx(Imp)/SnsOs4 was prepared by
impregnation method with 0.3 g as-prepared Pt/SnsO4and the desired amount of Co(NOs)s solution as precursor
were evaporated in water bath (373 K) followed by heat at 473 K for 1 h in static air. Similarly, Pt/MOx(Imp)/SnsO4,
(MOx= IrO2, MnOx, RuO2, NiOx) was achieved by using corresponding precursors.

3. Results and Discussion Figure 1 shows the

absorption spectra of (a) SnO, (b) SnO2, (c) ©
Sn304 and (d) Pt/SnsOs. The SnO sample

doesn’t show any absorption edge in the e
UV/vis range. SnO: sample exhibited the

steep photo absorption ability in the ®)
UV-region. On the other hand, the Sn304 and N @ Q
Pt/Sn304 samples presents the broad range of \
absorption of visible light, which is confirm

the formation of Sn3Os4 and had narrower

band gap. In Pt/SnsOs sample presents the

absorption edge of visible light, even after the Fig. 1 UV-vis absorption Fig. 2 Photocatalytic hydrogen
photodeposition of Pt. Figure 2 shows the time spectra of (a) SnO, (b) SnO;, evolution from the aqueous
courses of hydrogen evolution over the (a) (¢) Sn;0, and (d) Pt/Sn;O, CH;OH solution over (a) Pt/SnO,

Pt/SnQ, (b) Pt/SnOq, (C) SI?SO.4 and (d) .Pt/SI.l304 (0.5 Wt % Pt Ioading). (b) Pt/SnO,, (C) Sn;0, and (d)
materials under the irradiation of visible light Pt/SnsO; (0.5 Wt % Pt loading)

(A > 420 nm). Bare Sn3Os produced smallest amount of hydrogen under

visible light irradiation during the test. Hence, loading appropriate .
.. . . .. >

cocatalysts (Pt) on SnsO4 sample principally improves photocatalytic activity light (200 mg catalyst, & > 420

and we found that Pt/Sn304 exhibits a relatively high hydrogen evolution nm).

activity when compared to other Pt loaded catalysts. The details about the characterization and photocatalytic

activity of dual-cocatalysts loaded Sn304 catalysts would be discussed.

(d)

under the irradiation of visible

4. References
(1) X. Chen, et al., Rev. 110, 2503 (2010), (2) S.S.K. Ma, et al., Energy Environ. Sci., 2, 8390 (2012), (3) R. Li, et al.,
Energy Environ. Sci., 7, 1369, (2014), (4) M. Maidhily et al. ACS Appl. Mater. Interfaces 6, 3790 (2014).
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ORR activity of platinum-based intermetallic compound nanoparticles supported on various metal oxides
Takao Gunji, Toyokazu Tanabe, Shingo Kaneko, and Futoshi Matsumoto
(Kanagawa Univ.)

1. BH

Tk OWFTE TV — 7 TR R TS (ORR) E Ml & L C, F4:(Pt) & 17 (Pb) D4 g [H{LA ¥ (PtPb) %
AR, 4 BB LY(TIO) Z B OHEHA L U CGEMT 2 Z L 2B L, WEREH STV 2 PSR X
D ORR THA LA ME/ L LS, SHICEOLTEMEE RS M ESEEZ LI LTWVWA[LL, Ll
A L Lf(ﬁﬁﬁﬂt%wﬁ%‘:ﬁiﬁﬁﬁ“é L, B REIZBWTRERIEPLE o TLE W, ASklEng L
TWAEERFICRETE VW ENMEE L TR TS, £ 2 TAIZE T, 1—4R> 77 v 7 (CB)

(AR LY & RS, A OTEIC L D ZOEREBRIY LD, BIREIC PtPb 48 LA W fiit -
JRIF RN ESES LIk T, %&%ﬁ:gr&@mb\/\ﬁﬁﬂt%ﬁﬁﬁt%f’@ L, TEAGARBETS M4 R R b
WEDOHBEERICE > TEDL BT DOV TRFT LT,

2. ER
R E O RRER & iEEE O IRER CRAL AL % i Lf:ﬁ**rﬁ‘/f? > 7
& CB(Wulcan XC-72R, E-TEK), TiO, # #7H & ¥ 2 5 &1 1%,

Titanium(I1V)isopropoxide(Ti{OCH(CHs),}s), WOs %*ﬁﬁéﬁéi‘a/\& X
Tungsten(V1)hexaethoxide (W{OCH,CHs}¢) % 2-propanol 253 &+, 1h
FEE L2, DPEDO HO0 MM, FONIiLBY % 450 °C T 1h KFfH
BERR T2 Z L 12X o T TiO/CB F 7213 WO,/CB % 137-, S I, fFHi
T 7 & HPICl & AKIEIRIZ B S, A4 / —V RS L L
THIVY, TiO,/CB IZERA LIRS, WOL/CB DIGEIZIX AT %2 FRE 35
ZEIZE ST, EATHIISIZ L Y PUTIO/CB & 7213 PYWO,/CB 1547,
SHIZ=TF LT Y a— VERERE A E LTERL, Pt 7 ki1 &
FEREER (PD(CH;COO),) & M R TeSIRIC~ A 7 mi & T2 2 L2k b,

PtPb/TiO,/CB K O} PtPh/WOQ3/CB % 157-, Figure 1 Ak L7= T EnOfitfE D
3. BRBLUEE Bk X BRIEITEIE

Fig. 1 1245 =il B9 2 X #RIEl#r X% ~d, CB LIZ WO;
L TiO, & nﬂiﬂ“éw’ﬁ%ﬁot#/mv iab\f X, BB DI
KL LT CB AT L CW A28, BRICAEREHRTHZ &1L T
RTINS, ZTH DY T IVIZEET % XPS X° EDS ## 3 Tld WO3,
TiO, ICHKT A E—r MBI sSN-Z LD, Bl onizL®
ZoNbd, Tz, T E L2 T I ONWTIEL40° fHTICE—
I BFTTHBELL TWD Z bR Y EIZPtATH L Tns Z
EEMER LT, £, RV A—AEEZHNT P 2RI LR E, Pt
DE— 7 13BEREINT, HZICPPh ICHET A —r 0Bl sn- 2
L2 & o T P AAEIIZ Pt & S LT TiO, & Y WO; _E(Z PtPb 25T
HLmZ 2R L7, Fig. 2 IZA L 7= PPOTIONCB K Y
PtPb/WOQ3/CB @ ORR IZRHT 2RV % € 7T A% 79, PtPO/TiO./CB K&
U PtPh/WO,/CB Dt i iﬁi&;feii&ﬁ% Hivd PUCB & EER b e LD
PPLICB ) %, 09V (RHE)IZ 511 B BULEIDIEA K <, ORR DI hidgmio (8 2t 1 nta) MobOSCE 12
BENERL TV Z L 2R L, TTH WO, LICE&BRILEY) memixislcBT 38225 A
PtPb ZATHI S H/o ¥ 7 e ORR FRPEAMERE L TV D RERABL  meszaafn, FEMRIEMEHE: 2000 rpm
BN, FRE 3 EE: 20 mV/s
[1] T. Gunji, et al., Catalysis Science and Technology, 4, 1436, (2014).
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Theoretical study on the chemical reactions by the combination of the quantum mechanical
method and the molecular dynamics method
(Kanagawa Univ.) OToshiaki Matsubara

[F55] 4, avva—2oEFHEEORQH RN EIZK > TERS OB RS TN ET )
FHFECHEIND LS oTz, FOEDOIEIERFHEFELHE SN, 2EAF—L
ET LD ONIOM IELZD—D2Th D, S HIZH AL, ONIOM kLB hRiEEkREe L=
n75 LEBRELY, BICBESZEE LIALERISOBT 217> T\ 5, ZHVE THi- B
DONRZREH L, ELRICOHGDBEROEEB S L ITR 5227 L TE e, 2IREHZZE
95 Z & THEFERIGITEAT D2 #7222 A L3S S v, AL RS OB BPE S 405 AT REME S K &
VW, Si R ETORBERK G E ETWV < ONDRKINIIDOWT, =RV —[EEE A2 2 28R T
TRNAF—DOERRLCBENED L IR Z Y ISOBEEN IR ED L H I/ LN D DNETFILTF
FEIZTTCIEELNRVERES D TOITHENST 217> T\ 5, SllE. BT FENFIEL 5178
NFEERAE L2707 T 52 Si R ETOREEBRNESIZOWTE LN ERZHRET
%,

[FHtRFIE] MR, A

B3LYP/cc-pVTZ LA TITY, = (fﬂgi~+cr Cle ;}P_q
BOSHERRE IRC 3HIC 0 eie S . :

Lz, TXAX—Fa 74— £ | 00 Sic 0.0

> {ILE\ I_EJ X N L0 % A 5 Facial attack ) -10. ‘

B3LYP/aug-cc-pVQZ - o 20
CCSD(T)/aug-cc-pVQZ LT TBPais pseudsrotation TBPis
LEDLARNI L EHR LT, 210 Cla
BIRDZ B L5 TN TBPras S A
5k, QM-MD 717 J AiC k | S a o)

DiTo Y, =X —1 ca-s e NG _

HF/3-21G* L ~L CEE L R
—ET1AT v 7 1fs & L. 100
psAT o7, MESLT R/LF—T
7 ¢ —/UiL, HF3-21G*L~ L THHHEN D Z L 2R LI,
[FER L BELZ] RO ST ETORBKERKINL, [FEO CRTO%E 13872 25 OSHE T
SiHsCl + CI” — SiHsCl + CI (1)
HITT 5, CIETOLEAEIT, K<mbhi SN2 e THY ., = Hili#E (TBP) & DERBIKRE
[Cl---CHa---CI] Z %1 L 1 B CHEfT3 2, —H. Si JRTFOGEIX. RKISEF O TBP HiE
[Cl---SiHg---CI] 13 E i & UCHEE L. BURIE 2 BB T4 % 2, ™M 1 IcRT L5910, CIo
BB 21X, Facial attack & Edge attack @ DM FTE L, SLEKERT 256 & SLIRIRFFT 256 2R
153 %, 7272 L. 250 Cl 3 eq AL Bl il S AL 7oA IE 1 LAE(E L 722\ 72 D Edge attack @ PN @ Back attack

Reaction coordinate
¥ 1. B3LYP/cc-pVTZ L~ULTD Si i L TORBEIE DT T
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I Z 52, FEAL AR A A% 1. Intramolecular migration (IM) & % M Berry pseudorotation

(BP) 12X > CTRMALNAETH D,

M 21ZRT L DT, REBEEIL 0=0~180°, $=0~360°D 4T D J7h
5 A[FETH S 7, Back attack & ¥ % Front attack o sRAZECEE A3 fife
FKHPNBNTH D, LT2h > T, TBPyans 1 TBP:is £ ¥ % 15.8 kcal/mol
LETHDHN, £ TBPs NAEKR L, £ DK, TR/ X —[EEEH/N S
VY IM Z R T R L X — ISR E 7R TBPyans (CHRMAL T D LB X D
N5, MAEHEHECH A= RV IS TN D K 512, TBPgs O
Si-Cleg & ¥ & Si-Cloy DI AHFRAANEM 2359 < | Clax 258 L T TBPrans -
B Z B OIEIEN TH D, Ao TE7 Cl 2% ax fLICfrfE Back attack
THEAINE, BIRLOGAEZ 2720121%, IM X° BP Zf¢h L7z Bk

BIc Lo T Cl LD ERANED S LER S 5, [X] 2. CI'> Front attack
FET T2 5 CUAMERET 2iBFICHB VT, IM R BP 23 & Back attack 73 =
B b L IREEE LA Gl
onoREsELLNDS, A o B
E DR %8 Y fREES 5 D7)

B TRET 52 o2 1 s
LIFTEARVOTOM-MD £ 5 [M n =,

B A4T o7, TBPgs HEDY £ | A o L
Ral—YarE{TolflR, g_s ‘ %4' @@%%
TBPgs & TBPyans X TIMIZ & | ob

QRN PR AUNE 3 1

HIICIE TBPyans 5 CIOfREE 50 51 52 53 54 55 B0 80 100 120 140 160 180
NEZAHZERNShoT= (X Time (ps) /_CI-Si-Cl (degree)

3A). T DOIEET R L X —
DA TR & 2 A, B
TR LF—|L, TBPgs Tik H
JRFAZET T D0, —J7. TBPyans ClX CLIZET T 5 Z L3307 272, TBPes & TBPyrans & D fH]
THERMAENEZ D EZNIC LR > GEEI = XL X —D0 M b B Lz, 2D & TBPgs LV
t) TBPyrans 705 CIDfRBENE Z A KEREETHH EBEZ BN D, TBPes 2> D TBPiyrans ~HMAL
THBRICRAE LT Cl T EICEB = x VX — L L TERBINDLZ EngnoT, £,
TBPyrans 7 5 ClDOfiREEN MG E D & M LCI-Si-Cl X 180°0> B 2RI/ NS 225 Z E Ry -T2 (K
3B), /NTRNX—DGEEEZA D £ T 5720, TBPs DART v ¥ ¥ WIZH] -k S A& s
TBPs flCKREL B B OND, ZOX BRI A2 EBET D 2 & TRERDBEERLE & 13-
7 BT, CIRTFOBFAD S22 KGOV T H#r STk Y MIREHKZE D, FETY A%
xT 5,

3. TBPg HFED QM-MD + 2 = L —3 9 Y DORT ¥ ¥ /L=
FIX—DREFFEL(A) & d(Si-Cl) vs £CI-Si-Cl 7'& » ~(B)

(&% 3Cik]
1) T.Matsubara, M. Dupuis, M. Aida, Chem. Phys. Lett., 437, 138-142 (2007).
2) PE. R R, B 5 RIS FRARERS . 3P094, 20114 9 H | ALIE.
3) M. Sato, H. Yamataka, Y. Komeiji, Y. Mochizuki, T. Ishikawa, T. Nakano, J. Am. Chem. Soc., 130,
2396-2397 (2008).
4) J. Mikosch, S. Trippel, C. Eichhorn, R. Otto, U. Lourderaj, J. X. Zhang, W. L. Hase, M. Weidemdller, R.
Wester, Science, 319, 183-186 (2008).
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Density functional study on the metal-free cross-coupling reaction
(Kanagawa Univ.) oTomoyoshi Ito, Eri Sasajima, Toshiaki Matsubara

[#5] EERLSAEERLOFERNC 2 2 688b8miE. i hﬁmﬁ#Aﬂ%f
XTWD, ZDTDRB-IRFEREE DRI LIERIED R IIEEA R TEICEB TS
KLEERPEO—SOTHY, ZTNFTIFEIF fx}iﬁﬁbi‘%&%éhf%fco a2k
D7 aRAFy 7Y 7 ROE, HREIZEA S ISH SN TE Y RE R Z LD T
W5, Bl ZiE. Mizoroki-Heck SiCTldk, /NT7 U0 AEAFIE T T 7 oAb 7 U —
IWETNNT U NERNET VT o RATF L UFHBERNERT S, L, NTV T A
XU O LT HIEBEBIIRY 5 EELMERER TH Y . KEITDT > THEWEE
FTW DIZMETH 5, £ 2T, IFE, MOAEERKETHRAEIZHEEZ W
TW5, BEAMPMENWAZ LT ) —DORIGERBET 52 ENEGHROMETH S,
BT, FNG X, ROV t-BUOK 20 8EDx X /) —)L LlAA T DMF
TG EH 5 L 3T 20 Al 7e LT Mizoroki-Heck UG EITT 52 L2 L
D, Z ORIGTZER Spal S CTHITT 2 L B2 6 TW5, AIFETIZ. Q)AE
A BTV —=TRIGHETT 200, (2728 HE D Spal HAE TIEZ2 < AR Syl
s CHEIT T 2 00 B B

ZTHZ EEEBEL, BT '

BRI K 0 T 21T - 7, [j

[BtRFIE]  HEEmasE i R
B3LYP/6-311++G(d,p) L X /L PathA e “mo‘km&o, - Path B
TITo Tz, PG L OE - RS r

BRI, REE A A Lk i { ]

Ch

o

c

(©)
HBlE R

mbtoﬁmﬂwﬁimcﬁ% .6 - (;
i@ﬁ%mu L/fx_o X 5z P ézo 1!
MOGZijit»CCSDajv»i : [é}/*' 3

JLC aug-cc-pVTZ LK% % H

C-CHEETR

N g e t-BuO™ . 7
D TR LT g ;T J |
piamaEkeF e los [ 5 ST C-oRBH
BT, BT A— X waemE g e

X, REhE A H v 298.15 K
3 P ENAN 1B
G Lz, Ak NBO fig L L REDIAT L DG OUAN Sel Bk

Wz & o Cofkav i, sheir.  (Path A& Seal ii(Path B)

GAUSSINANO3 35 £ T GAUSSINANOY 71t 7' 5 L& W TAT - 77,
[#EREEE] BEYOBFBINERICBW T, B t-BuO® HOMO Th HliedE
DIEFFE L35 Ph-1 D C-l *FIE MG S D, WD DMF 23 t-BuO | Z A BEFN
5L, BEOBFEEN EHT 2720 HOMO O R L F—HENNEHL R0 EF%
WM LG L b 2 3 yinotz, 7o, BHOBE L ERFBRET LV TEETD
L. IDOICEDOMHHMPRE -7, ZREOEBEBTEBIHEREICBNTIE, AF A2 80
C=C & ® n*E/NLEF N S, Ph-l D C-l #E D o*iEICBEIT5, &b
DEIBIHEEL T RAX LT E L THDE I RS hot, —FH. &)
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Reaction coordinate
4 3. EHMNAF L DBFEDT VAN EZED
TRWEAO H G| S S RO = x 1 —7
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FISMINREZETHY . 9 TRWGEIIERMNRELZE TH L0, TV 1D
BEDODFTNZ RV —BNCHERTH D Z ENgnd, 20X, @ED Spal HERE
DEED HB| R E O RV —EEIIEFICRE < ZoWBENEERICRY ., —F,
ZERIR Spn1 B OGE O H 5| Z & O = 3 U F —[RBE | 3IEF 1/ & < ITBEEEFE 2
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NIZZF LU OBELHEALEZEZA, AL T 4 VICIEFATF LD FREF L UL

DH XN ERGhrol (K2) .

[Z°&3CiK]

1) E. Shirakawa, X. Zhang, T. Hayashi, Angew. Chem., Int. Ed., 50, 4671-4674 (2011).
2) M.T. Lee, H. M. Lee, C. H. Hu, Organometallics, 26, 1317-1324 (2007).
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7 )~ T E SR OB OREST.
OIS T, BERER, RO GRaR)1K - Bl

(ELED) |
TEIER X FBSEO MM ERER B MG T DAHBIR CTH Y . = 2 T - IS B i HElR
RIVE L INSHESOME AL AR L TN D, B OA T # T LV WTAEc kb, &
HEIRZ AT 5 Z LIS L VMR A TRETEX 2 Z LB LM E Ao TN D, MHEEBEARI LA
7 e M AR OFES IR RTRE T 5 Z L0 6 HIHBED BT OBRF I 5,
ARFZEClE. HAROKEREER G 5 7 /L~ T O 4 B A il Ot 2 38707,
[7iEd L O]

7 N~ T EOREHAFESE & A F Lo 70— CARY LT fE5, BSOS o < Yy
O XNADENID R ST, T DENLTD Y v~ T EGHEIRR VT A5 Maj—-TAG) DE(s
VB A in situhybridization CAR7-FER, Maj-TAGOMRNADMEH &7~y ZDZ b,
AF LTI —TE Yea SNSRI T NV~ EOEEIR TH 5 & Ebii-, IRIZ. AF
L7 NGl A AR U, SR O A LT, Z OISR E T — B — X%k
{KDMEY NV~ EOESHHIEREINBAE L=, BHESHERICH 7 — e — X% HEIE LTEHEL
TSR 2 U=, & L C, Bl LTS CMa - TAGODIBE 3B L TV DM E 9 g
RT-PCR -, FDhER:. 1SHEIRZ T U7~ HEEARD 9 H6fEA TMaj-TACD & s F-FEEL)
B STz, Maj-TIAGOE L THBUIEDOGEHEIR R BRI TH D Z Ln, Bl UToE R
%%’E%[ﬁﬁé F%&@ﬁmfﬁ%ﬁﬁﬂ \BHEEZ BT,

g3

AMTENZ LY 7 )V~ EOEEIRBAE IEANINCRTRE TH D Z E RN yho Tz, Atk B
FE U 72 SRR D SED AN RN T D AE LBHT A Z LN TE 200 LT 5, £
72y N~ T EICHIRRZFHE SE D 72012, INBEREICMZEN MBI S S 5 Re ot HE
EIIEHEIR A BHET D T EThH D,
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7 L~ O RESEME R L (CFSH) OcDNAY o—=>7
O EFE, JOFm| ()11 - 3

[BY] HESEORED MM Y. EHEIRRLTE Y LT ATEMER LT A X CHIlE X
NCnW5, Z<fl, 74T =OREDIRIFN CRBL L T 5 FdElE: /1 (Crustacean f
emale sex hormone; CFSH) 73 R.&i=, M7 4T =DCFSHDOEn 3% /) v 7 X
SHD L, YRR AR X2 MR B 7 AN RE AR LI B DS S v, 2D b
M6, CFSHIZHFSEDMED — M AR L T\ b & Z 2 b TnD, AFZEClE, 7~
TECFSH (Maj-CFSH) % =1— K952 KEDNA%Z 7 n—=7 L, Z O3B &b+
HIERHWIE LT

[J71E] Bttt 7 L~ = ORI HTotal RNAZHIH L. 4% FV Cirst strand cDNAZ &
Uiz, ZHaESFRI VW TRACEELS X 0 3HIOCDNART T & 5 HIOcDNART 2 HaEhE L.
Maj-CFSH#% = — R I cDNASRE OIS ZH BN Lc, ZOBRSIIN BT T T4~
—Za%Et L. Maj-CFSHORRRA DB G - #EL A RT-PCRIZ L 0 i~

[#55: & #%2] Maj-CFSHOCDNAIZL, 1,050 bp7s72 0 | 34FEEED T 7/ IL_TF K| 445
DCFSH-precursor-related peptide (CPRP) & FHINDHERE RO ~T'F R, 2585kD 7 mk
77T, 16455 Maj-CFSHA =1 — R LTV V=, Maj-CFSH & 744 =CFSHD T =/ i
Byttt LT & Z A, FEEIEIE38% S KD o 7203, 23 PICTHAE LT-8 2D AT A L%
FONEITFERIRF SN TN, Maj-CFSHIZIE, 7AW =CFSHIZIIBIZR SN pno 72T
ARG X AEETIESH OIS D3 7 BHFAE LTz, Maj-CFSHORFRRS DA n 73812 i~
TohER. Maj-CFSHITEREDIRIFN T < 8B L TRV . 7 AN =CFSHD & 9 7oA 725
BUIBIER SR o T, A%, Maj-CFSHA 7 )L~ = EDMEEAR/VE Tl 2 D9 E 9 3% ]
ST D720, NGBS R S0 D I Maj-CFSHASMED AR CHREFAI S8,
THDINE ) IPEFRDFETH D,
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7))V T EEHERAS)VE AT DI fn TR O FAEALE)
OFRiGtT - BRAERK - FOHH () 1RED

(HrY) BBAOREO RIS, S E I S L
TEIEAR TEEL « M S NBIEHIRRIVE AT DTSN T
W5, TNETIZ, ZIVITEDOEHRRIVE ARD T
(Mg-IAG) %#1— K925 cDNA NHEEEZINTWSD,
Ma-IAG DB FREEEIZHS M I TWialh, £Z2°T
AWFFETIE, 2 » ABD ME-IAG B TOREEEEN
RT-PCR & insitu hybridization il X DB SN 5 2 &2 HI
ELT=,

(515 2 » AR EHIR—Eifass ClE S 7= KIROIE
)V TED S EEE SRR E 24t L7z, 570 5 totd RNA
L. EEM RT-PCR 2727z, RWT. 77 VK%
FWTHEMEA S E 2 HAEE L. /INT T ¢ el 7=,
Z LT E#gA2E-L, 24 % in stu hybridization |2t
L7z,

(58] Ma-IAG 13Z5EHAD 4 A SRRENEML., 6 A
Wb E <oz, TOH, 8 HE 10 HH Mg-IAG DOFEH
IS LB E W EZ MR L2, EEEHO 12 AnS
Ma-IAG DFBEIZMK T L. 2 AIcEBE<E>7=. 6 &
12 A O AERESYE % in Stu hybridization (2L 72 & 2 A3,
ZHEI D 6 AIGEHIENKE <, < DOEHEIRHIE T
Ma-IAG DFEHIL TWz, E/z. BtEs 7L OSREaDFE
EBHIT-oED ELTWe, — . FEZGEID 12 A d kR
MWhE <, MG-IAG ZFIHL TWAHllidid 6 H ST
Tsinotz, F7z. BltEs 7 HIVOBREOFMAHEN - T,

NS ORERID ., SR THIEAL TWh5 Ma-IAG 1327)1
R LEDRTFERICEEHh> TnWb EE X 5077,
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2V TEQHEAENEA)LE > (CFSH) @ cDNA 70—
=T ERMAEAEOER

Oz « OPI (FER1RHED)

(B Z<Hlk. 74 H Z OO THREL T\ 5 H
JAMEMEAR)LE > (Crustacesn female sex hormone; CFSH) 7%
HaN. M7 FH =D CFSH D@ FHIRE ) w7 ¥
/D &, KPR BIER S N D IR A7 R RE o A hEFL
IR E RSNz, 2D EMS, CFSH IZHZSEDIED
TRMEAETE L TWBEBZ SN TNWD, AUEETIE V7
VY IZED CFSH (M§-CFSH) O—Ri#i&E 2B 5N 5 2
EZEHPEL T, Mg-CFSH RiflikikZE 1— R9% cDNA %77
O—=2/%7 L7z, KIZ. Mg-CFSH DREZRTT 5V —)1
& U T A EAE OFB 2 il A7z,

5] 27 )L~ T E DR S Totd RNA 2t L. £
% FWT firg grand cDNA 25k L7z, 2 ESERNTHWT
RACEAIZ & D Mg-CFSH Hifik{A %z 01— K95 cDNA %155
L7z, KiZ, M@-CFSH % 1— K9 % cDNA WiH 2R
H—IHAL, BRI A NI NEELL 7=, ZhEHn
TKRIGHZ B L (i 2 Mg-CFSH OFERZ2HE L 7=,

(k&) Ma-CFSH miflik{A % 11— R9°% cDNA 1 1,050 bp
MB1E0, 284 BHDY X /B — R LT, Ma-CFsH
ETFHZCFSH O7 I /s % ik L= & 2 A, AHE
ML 38N EAXN 72N, D FRICEIELTZ 8 DD AT A
CREREOMNBIISEEIREIN TV, £/, T AT F
AEERUESE OB ONIE H5ERITRES N TV,
Mag-CFSH DR DB n TR 2 kR, Mg-CFSH
I FHEEDIE TR HBIRL THBD, YA HZCFSH 0k >
7ot A REI BRI N o T2, BIE. NIGEFRIR
R W= HHL 2 Mg-CFSH OIERLZEL DA THB D, 3
WA EFTRTND,
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An in vitro bioassay for an androgenic gland hormone activity using the ovarian
culture of the kuruma prawn Marsupenaeusjaponicus

Tsuyoshi Ohira!, Ayumi Okadal, Sayaka Kotaka, Naoaki Tsutsui®, Nozomi Kubota®, Hidekazu
Katayama®

'Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka, Kanagawa
259-1293, Japan; “Ushimado Marine Ingitute, Faculty of Science, Okayama University, Sstouchi,
Okayama 701-4303, Japan; *Department of Applied Biochemistry, School of Enginesring, Tokai
Universty, Hiratsuka, Kanagawa 259-1292, Japan

The mae secondary sex characterigtics of crustaceans are controlled by an androgenic gland hormone
(AGH), which is specificdly synthesized in and secreted from the androgenic glands (AGs) atached to
themaereproductiveorgan.  Until now, AGH has been purified and structuraly determined only from
theterrestrid isopod Armadillidiumwulgare.  Because the bioassay system for measuring AGH activity
has been developed only in A. wilgare, and there is no efficent sysem in the other isopods and
decgpods.  In the reddaw crayfish Cherax quadricarinatus, the removd of the AGs from an intersex
crayfish induced vitellogenin gene expression, indicating that the gene is negatively regulated by AGH.
Therefore, in this sudy, an in vitro assay system using vitellogenin gene expression as an index, which
was developed for measuring vitelogenesis-inhibiting hormone activity, was gpplied for detecting the
AGH activity in the kuruma prawn Marsupenaeus japonicus.  Firdt, M. japonicus ovarian fragments
were co-cultured with made organs such as the AG, tedis and musde.  As a reault, only the AG
sgnificantly reduced vitdlogenin mRNA levd in the ovary. Second, an AG extract of M. japonicus
was prepared and subsequently its AGH activity was assessed using thisassay sysem. The AG extract
suppressed vitellogenin gene expression significantly in dose dependent manner. Findly, chemicaly
synthesized M. japonicus insulin-like androgenic gland factor (IAG), which is an AGH-like peptide in
M. japonicus, was subjected to the ovarian culture sysem.  As expected, the synthetic M. japonicus
IAG decreased vitdlogenin mRNA levels dgnificantly. These results indicate that the in vitro
incubation of M. japonicus ovarian fragmentsisagood method for detecting theAGH activity.
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Chemical synthesis and function of insulin-like androgenic gland factor from the
prawn, Marsupenaeus japonicus

Hidekazu Katayama', Nozomi Kubota', Hironobu Hojo?, Ayumi Okada®, Sayaka Kotaka, Naoaki
Tsutsui* and Tsuyoshi Ohira®

'Department of Applied Biochemistry, School of Engineering, Tokai University, Hiratsuka, Kanagawa
259-1292, Japan; “nditute for Protein Research, Osaka University, Quita, Osaka 565-0871, Japan;
*Department of Biological Stiences, Faculty of Science, Kanagawa University, Hiratsuka, Kanagawa
259-1293, Japan; ‘Ushimado Marine Ingitute, Faculty of Science, Okayama University, Sstouchi,
Okayama 701-4303, Japan

Sex differentiation in crustacean animds is known to be under hormond regulation. Androgenic gland
hormone (AGH) has been purified as a mae sex hormone from the terrestrid isopod Armedillidium
wulgare, and its chemica dructure has been determined to be a heterodimeric glycopeptide with an
inulin-like amino acid sequence. The disulfide bond arrangement of A. wulgare AGH was different
from that of vertebrate insulin, and the correct disulfide paring has been demondrated to be essentid for
the hormond activity. Recently, insulin-like androgenic gland factor (IAG) was doned from decapod
crustacean. |AG shows the sequence Smilarity to isopod AGHS, and is presumed to be decapod AGH,
dthough no direct evidence for the function of IAG peptide has been reported. To investigate the
function of IAG peptide, we chemicaly syntheszed IAG from the kuruma pravn Marsupenaeus
japonicus. The A and B chains were separately prepared by 9-fluorenylmethoxycarbonyl (Fmoc)-based
solid-phase peptide synthesis srategy, and the disulfide bonds were formed regiosdectively. Since the
disulfide bond arrangement in IAG was undlear, we synthesized two disulfide isomers, AGH-type and
insulin-type. In the circular dichroism (CD) spectrd andlys's, the spectrd patterns of these two disulfide
isomers were different from each other, indicating that the disulfide bond arrangement affected the
peptide folding. The biologicd activity of the synthetic peptides was assessed by an in vitro assay
system. As aresult, IAG with an insulin-type disulfide bonds showed the activity, whereas AGH-type
disulfide isomer did not. These results strongly suggested that IAG was the decapod AGH, and the
native |AG peptide might have the insulin-type disulfide bond arrangement.
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7)) TEDOYNER THITT 2 Fidatf iR £ (CFSH)
D cDNA 7 a—=>7%

O Higpgae (o) (R - fEEne (MUoRiE ) -
A ) TREE)

(B <5k, 74 H Z OO THREL T\ 5 H%
MRV E S (Crustacean femde sex hormone CFSH) 3%
RNz, FaEITERK 26 FE HAKEZEASMERRITHBN
T IRBWTHREL TWS 7))L TE®D CFSH (Mg-CFSH_ES)
I1—R35DNA DT O—Z 22 DNWTHRE Lz, L
L. Mg-CFSH_ES ITld, YA = THR I N/ & O i
B HEIER I o T2, £ 2 TAMZE T, MR
IWEELTENWTNS CFSH T2 MNTT 5T &%
HBWEL T, i BETRIEL TWS CFH

(Mg-CFSH OV) 20— R4 5 cDNA 2/ 0—=>27 L=,

(H1E] 7)< TEPREO mRNA LD cDNA 51751 —
ZVERL L. RNA-Seq f#NT21T>72, Ma-CFSH_ES AR
EET B T4 7 OEHEESES ST I v —E%ET
L. TIN5 Z2HWTRACEEIZEK D, Mg-CFSH OV 21—
R9% cDNA DIFFPEAZP9E L7z, Mg-CFSH_OV Dk
RNEETFFHIE RT-PCR £ TN/~

[%5R] Mg-CFSH_OV OFiilik{fA7Z 11— 9 % cDNA |d %42
bp M50, 225 REDTY I JEEEI—RL T\,
Mg-CFSH_OV D7 2/ Ezfids|%& Mg-CFSH_ES &7 A /1=
CFSH LIt L7=& 2 A, MHEIMEIZZENZI67%,. 39%TH
0. D FRICEFELTZ 8 DD AT A SBEREDMEIIEEIT
RIEIN Tz, Ma-CFSH DR O (s T BT OfS
B, Ma-CFSH OV IR THREIL TH D, IR/ E DR
RTIIFBIIER I N2>z, 51T, M§-CFSH OV 13
R THBMLETRIAL TWZNN, IR SRS EHHSMNZES
Moz, BLETFREICHEEZNEHERINZIENS.
l\i %%F?_ov VHEMERILE > & U TN TW A ATEEHED VR
173 f
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AFEIRERNER )LV E IV E S (GnRH) #2512k 5 27)1
Y ILED NAAER

OIEEIET ERUKERS) . ISR GEEE ). e
&g (RN . K= @EHUKERS) . K
ZRIKRER)

(BHY) TR ORI BN TEE T Cd S 4Gl
WR)VE S HAILE S (GnRH) 13, Bk s L CURRE
DFFEICHEHAIN TS, FEFE, BHgETHIEOY AU Y
U A= 5 GnRH 2N - BGETRE S, D0 TIET AU
FTV) HZOYPREENEHET D 2 EAVRS Nz, AFETI.
7 LE & NSRS B2 FEOHN 2B E LT,
{L:?‘éﬁibf:?% UHP ) H= GnRH Z27)L <Y TEICHS

(J3£] GnRH $5-EL. AL G AU A 1= GnRH
%, HHRE 269 D7)V TEIT1 nggBW $O7ER L
2o FHT4 T2 bO—)LEE (NC B 13AEMAIIKDOH
EER U, N7 7a> bo—)L (BT #Hd. o0
BRIV E > 2 AR L TODIRIBZ R FYIRR L 72 (R
PHIHIZROBE) . ROV IENL. BEEEZRERG
fHL, BAKE 5201 %) T7 HREEEL/Z%IC, £l
fREERIL (GS ; AJEIRE R AEX100) OHIE VB DH
R E2 7o 7=,

(#EE) NC & IEMRUBREE. GnRH 258D G 13, T
Z310.85, 301%, 1.00 (%, P<005 THD. GnRH %5
FRCAER ERISERD S o 7=, LML, JfSEER T
N CEHOUNEERNEETH > 7ZDIZH LT, GnRH $: 58
6 EHRD S 5 1 A CHRIRUIBREE & IRk DRI ERETEDY
BIER I N, COYIIRHIIEAE IIFEERPHIICZE L T, 2D
WEELT 7 A T HZ GnRH 7371 < LE DI A
A LZAREEZ R L THB D, 98, BEEOWUESV LY
ITEHH®D GnRH NEIE SN, FHTESLH1233UL. 7
VR TED AL RETH D EEZ 5T, BIE, 7 A
U AT H = GnRH O 5iED% B 2 iRATH D, ZOFE%R
IZDOWTHPFRTHRET 5.
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AEWFEIALTFIOCHITER T 31 Ik S

AN FFETATADSATHAINIE T EERERNE DL E
P3 OFEEAT - EEETF V- 2 RELE AL
)| KA AR BT ., )i KB 2, (SN K

[#E]

/N9 F*F < 4 <A (Bradybaena pellucida) (X E®E 1cm IBEDHK %
L. BOTONERICEEOEAMERZEBL TV SBOTHL

HEYLYTHD[1]. TEBBRIZCOANDHTIBEREENDEETH

Sfzh, ERNERELE LTERFEELERTLIERHME (BEIIKEZE
HED) oft, BMEOHIFATERIEEERINATWS, aNnNsF
FTORATANMAD=DICEAEMEZEBELTLEINNISDEZHH

LOMTIEHEVA, BRIZHETHTIEWVWSIZLEEZDE. HNEED
TIZHEETI2AEBELENBOSTFIHTEBELMNEEZIONDS, T )

CT. COBBRAMEOREY - ARERAECD, angtFy  ANIATIRARA
RAXANETZEBELYMED 1 DA riboflavin (vitamin B,) T#H Bradybaena pellucida
CEEBALOMILER]. AN T FOIA A DAL riboflavin (RF) L4} 2 4 riboflavin
BEE ¥ E T & 5 flavin adenine dinucleotide (FAD) & & U flavin monnucleotide (FMN) & L TUL\3
C &% HPLC ORFREM AL MIZL 3],

—AT., ANIAFTIOIATAF 1 ERPOEFEREFHBYERLTLS S OH
ERHBNTWS, AN FTIOIAIADERMDI EETIE 4 A A fjﬂm
ENSHENHIRL. O ATHAEZTTIZHRAL 10 BhaNs 1 MABTE
BT B, COYALOIILDHhTHESICHIBELIBD-EOHEIEZD TN

EHEL TS, Riboflavin ENEBEAYMEN S A THA I ILDHRTE
DEIBENELERTONDPEKDEF-NZEATHD, TZT., B

EMoI., £FENE-TOHE., YR, HEZHEIL. AROEBRELYE riboflavin
DEIZDVWTHAEBELIZOTHRET 5,

"OH

N N 0}

EBCERERBREETSIAVS, RELLLCEESBLTBE :{j%l%m
O

[#&8R]

SWICAWIIEHMBICEELTIZ 2013 FE 8 AEBMSEHABLTCWaNI X FDI4 T4 H 9~10
AICERNMLENZLIORIERMLI-2O. —HTOFFHFZHKTTIABMBETHIE LM
BERW:=, . HELFBICALTCTEXRZAMOR—DIZA TS ARMN S 8 AITH (T TRE
LizbnZEEBELEz, MEISERFEZLEES. #B, 1E. BT EBZEZIAMTTYE
L= #IZ 0.IN IEFE/KBZEMA T 80CT 3IFFEIMBME Lz, COFETHELHMEREZZED
DRER . HILHRE B (ex=460 nm, rem=530nm)Z EHE L~ HPLC ZFHWWTLEFEEZEE L=, TDHE
R.AONIAFOTATADORKEBERLEFTTLELS, HEEBEICEBREXLEZRIGUVSHE, #BELITTH
CEBHETIEHINWCHLERRAMEDEEN TSI EAAGMNILE >z, TDERNIETE
BREBEBECTELG-THEY. HICHEHEDAKANIZEEFNLIHERH

EMEIL RF-FAD - FMN L XE LG - -REBMZEZRIYETH

2, BEDELECANEEICEBHAMEZHLLTVWEEICEE
NEMEZITHEETLS2ONEIHEMTIEAZL, 2=, #EB, $H18
TRHALLGLCELERRAICTEREAYELAZROONT=,

[Z % 3]

[1]K. Seki, A. Wiwegweaw, T. Asami, Zool. Sci. 2008, 25, 1212-1219.

RIEH. mB. 5. AH. F&EK. EL. R, X AYRLECLZRALHARS
F 2 [EMERSR P2, IR, 2012,

BIF&Ekk. EA. B, 75, B, ZR. 0K EYRRXILERLEARS
% 30 EZEfEESR P2, BIE, 2013.
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