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New Insights in Selective Oxidation Catalysis, Electrocatalysis and Catalysis of
Biomass (Irsee VIl Symposium)

Wataru Ueda

Synthesis and property of new all inorganic 3D porous POM

First International Symposium of Institute for Catalysis

— Global Collaboration in Catalysis Science towar d Sustainable Society, Sappor o
Wataru Ueda

Catalysis Science in Crystalline Complex Metal Oxides

25th Annual Saudi-Japan Symposium — 2015, Dhahran, Saudi Arabia

Wataru UEDA

Light alkane activation chemistry and technology using high dimensional crystalline
complex metal oxide catalysts

The 17th Kuwait-Japan Joint Symposium Advancement in Petroleum Industries,
Kuwait

Wataru UEDA

Evolution of Complex Metal Oxide Catalysts for Oxidative Conversion of Light
Hydrocarbons

The 2015 International Chemical Congress of Pacific Basin Societies (Pacifichem),
Honolulu, Hawaii, USA
IEPN

Chemical Biology Fantasia

Energy Material Nanotechnology Meeting 2016, Orland USA (2016)

Futoshi Matsumoto

Application of Pt-based Ordered Intermetallic Nanoparticles to Electrocatalysts of
Polymer Electrolyte Fuel Cells
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Joint Symposium of 11" International Symposium on the Kanagawa University —
National Taiwan University Exchange and Hiratsuka Symposium 2016, Kanagawa
(2016)

Toshiaki Matsubara

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

BRFs (—RE®E. 256 #)

EMBO Workshop on Microbial Sulfur Metabolism, Helsingor, Denmark (2015)
Hidehiro Sakurai, Masaharu Kitashima, Takaaki Ito, Kazuhito Inoue

Some Studies of the Function of the Components of Thiosulfate Oxidizing
Multi-enzyme System from the Green Sulfur Bacterium Chlorobaculum tepidum

15th International Symposium on Phototrophic Prokaryotes, Tubingen, Germany
(2015)

Hidehiro Sakurai, Hajime Masukawa, Masaharu Kitashima and Kazuhito Inoue

Our Efforts Toward Achieving Commercially Viable Large-scale Photobiological
Hydrogen Production by Cyanobacteria

Takeshi Sato, Hajime Masukawa, Masaharu Kitashima, Hidehiro Sakurai, Kazuhito
Inoue

Inactivation on Mo-type Nitrogenase and Selective Expression on V-type Nitrogenase
Activity of the Heterocystous Cyanobacteria

International Symposiumon Zeolite and Microporous Crystals 2015, Sapporo
Zhenxin ZHANG, Masahiro SADAKANE, Toru MURAYAMA, Wataru UEDA
Synthesis and characterization of a new ¢ -Keggin polyoxometalate-based
fully-inorganic microporous crystalline oxide

Toru MURAYAMA, Jun HIRATA, Wataru UEDA

1-003 Microporous and Mesoporous Property of Octahedra based W-M-O (M=Ti, Zr,
Nb, Ta) Complex Metal Oxide and their Catalytic Activity as Solid Acid

VI European Congress on Catalysis, Kazan,RUSSIA

Yoshida A., Takasaka T., Ebi Y., Sato R., Naito S., Ueda W.

Oligopeptide Modified Mesoporous Silica Catalyts for Direc Aldor Reaction
ISO-OP20 Ishikawa Satoshi I.
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Ishikawa S.I.1, Kobayashi D.K.1, Konya T.K.1, Ohmura S.0.1, Murayama T.M.1,
Yasuda N.Y.2, Sadakane M.S.3, Ueda W.U.1

Redox Treatment of Orthorhombic Mo29V110112 and Relationships between the
Crystal Structure, Microporosity and Catalytic Performance for the Selective Oxidation
of Ethane

3rd International Congress on Catalysis for Biorefineries (CatBior)
Wataru Ueda
Biomass Conversion with Structural Solid Catalysts Based on Abundant Materials

The International Chemical Congress of Pacific Basin Societies (PACFICHEM
2015) 2015, Honolulu, Hawaii, USA

Akihiro Yoshida, Yoshinori Mori, Shuichi Naito, Wataru Ueda

Hydrogen storage materials composed of lithium hydride and conjugated
macromolecules

Shota Tsurumi, Miyabi Mizoguchi, Akihiro Yoshida, Wataru Ueda

Investigation of hydrogen storage and release mechanisms on lithium
hydride-polyaniline composite

IR, EAE . WSS, B, AR

Isolation of a pigment from a metagenomic library derived from the marine sponge
Halichondria okadai

INRELSE . RIS, AR

Studies on the search for bioactive substances from marine organisms

B AR, JINRZETE,  BATKES

Study on the search for naturral products from dinoflagellate which inhibit protein
kinase GSK-3 3

Kazuhiko Kondo, Koichi Iketani, Akira Ono, Hisao Saneyoshi
Reduction-activatable protecting groups for pro-oligonucleotides

Yuki Hiyoshi, Koichi Iketani, Kazuhiko Kondo, Akira Ono, Hisao Saneyoshi
Use of 4-nitrobenzyl group for the development of therapeutic oligonucleotide
Tatsuya Kawamoto

Photooxidation of cyclometalated palladium complexes to the corresponding sulfinato
species

Takuma Kitamura, Yusuke Kataoka, Tatsuya Kawamoto

Dinuclear acetato-bridged palladium(ll) complexes for photoreductive production of
hydrogen

Yin-Nan Yan, Tatsuya Kawamoto
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Hydrogen production from water under visible light using tetranuclear metal (Pd and
Ni) complexes

Saki Mikami, Yusuke Kataoka, Tatsuya Kawamoto, Takahisa Ikeue, Makoto Handa
Synthesis and electronic structure of dirhodium(ll, 111) complex with benzamidinato as
bridging ligand

Takashi Shimodaira, Yusuke Kataoka, Tatsuya Kawamoto

Dinuclear nickel complex modeling the functions of nickel superoxide dismutase
Yusuke Kataoka, Natsumi Yano, Tatsuya Kawamoto, Makoto Handa

Paddlewheel-type dirhodium tetracarboxylate complexes as catalyst for photochemical
hydrogen evolution from water

Natsumi Yano, Yusuke Kataoka, Tatsuya Kawamoto, Makoto Handa

Highly efficient photochemical reduction of water using anchor-shape dinuclear
rhodium complexes

Ryohei Fijita, Yusuke Kataoka, Tatsuya Kawamoto, Makoto Handa

New Hf-oxide based metal-organic frameworks with size selective gas adsorption
properties

Satoshi Inoue, Yusuke Kataoka, Makoto Handa, Tatsuya Kawamoto

Interconversions of non-innocent-type and Schiff base nickel complexes acting as
efficient water reduction catalysts

S. Matsunaga, Y. Inoue, and K. Nomiya

Open-Dawson polyoxometal ate containing mixed-val ence trimanganese cluster

H. Arai, T. Yoshida, and K. Nomiya

Hydration of Diphenylacetylene Catalyzed by Phosphanegold(l) Cationic Species
Stabilized with Polyoxoanion

Y. Inoue, T. Ohtaki, S. Matsunaga, and K. Nomiya

Open-Dawson Polyoxometalates Containing Tetraaluminum, Tetragalium and
Decaindium Hydroxide Clusters

Yuto Hayashi, Jun Nakazawa, Shiro Hikichi

Aerobic alkane oxidation catalysis of iron and cobalt complexes with scorpionate
ligands

Takashi Izumi, Jun Nakazawa, Shiro Hikichi

Alkane Oxygenation Catalysis of Nickel Complexes with Oxazoline-based Bidentate
and Tridentate Ligands

Toshiki Nishiura, Jun Nakazawa, Shiro Hikichi

Characterization of mononuclear non-heme cobalt(l1l) dioxygen complexes with N5
donor sets

Jun Nakazawa, Frédéric Oddon, Shiro Hikichi
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Characterization of mononuclear nonheme iron(lll) superoxo and hydroperoxo
complexes with N5 donor set

Shiro Hikichi, Jun Nakazawa,

Construction of non-heme iron oxygenases-mimicking active sites on mesoporous silica
supports

Kengo Sakamaki, Jun Nakazawa, Shiro Hikichi

Development of homogeneous and heterogeneous nickel complex catalysts based on
triazolyl-BOX ligands and their catalytic activities toward alkane oxidation with
mCPBA

Kosuke Takamura, Jun Nakazawa, Shiro Hikichi

Development  of  multi-functionalized  poly(oxazolinyl)borate  ligands  and
characterization of their nickel(1l) complexes

Shuhei Ishikawa, Akihiro Yoshida, Jun Nakazawa, Shiro Hikichi, Shuichi Naito

Effect of Sn addition on the conversion reaction of ethanol to the C4 compounds over
Ru/Al,O3 catalyst

Toshiaki Nozawa, Akihiro Yoshida, Jun Nakazawa, Shiro Hikichi, Shuichi Naito
Hydrogen production by aqueous phase reforming reaction of acetic acid over supported
ruthenium catalysts

Tomoki Hakeda, Jun Nakazawa, Shiro Hikichi

Preparation and catalytic oxidation properties of Au nanoparticles catalysts immobilized
on thiol functionalized mesoporous materials

Fréderic Oddon, Jun Nakazawa, Shiro Hikichi

Reactivity of Nickel-Acylperoxo Complexes

Hisao Hori, Akihiro Takahashi

Efficient decomposition of perfluorinated ionic liquid anions to fluoride ions in
subcritical and supercritical water

Toyokazu Tanabe, Wataru Miyazawa, Takao Gunji, Shingo Kaneko, Masahiro
Miyauchi, Futoshi Matsumoto

Site-selective Pt-Pb nanoparticles deposition on TiO, nanorod photocatalyst for acetic
acid oxidative decomposition under UV-Vis irradiation

Toyokazu Tanabe, Masanari Hashimoto, Arockiam Jeevagan, Takao Gunji, Shingo
Kaneko, Hideki Abe, Futoshi Matsumoto

Photocatalytic hydrogen evolution from aqueous methanol solution using
mixed-valence SnzO,4 under visible light irradiation

The 42" International Symposium on Nucleic Acids Chemistry (ISNAC2015),
Himeji (2015)
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Hisao Saneyoshi, Koichi lketani, Kazuhiko Kondo, Yuki Hiyoshi, Itaru Okamoto,
Akira Ono

“Reduction-activatable protecting groups for pro-oligonucleotides”

Hidetaka Torigoe, Kanako Deguchi, Tetsuo Kozasa, Akira Ono

“Thermodynamic properties of the specific interaction between metal ion and
mismatched base pair”

Yoshinari Tada, Takenori Dairaku, Itaru Okamoto3 Hisao Saneyoshi, Yoshiyuki
Tanaka, Akira Ono, Jiro Kondo

“Structure of C-Ag(l)-C metallo base pair in RNA duplex”

Thoru Sugawara, Yuki Ando, Shion Tanisaki, Shogo Tanakashi, Akane Kumagai,
Hisao Saneyoshi, Akira Ono

“Formations and stabilities of metal ions mediated base pairs in duplexes with various
sugar-phosphate backbone structures”

Kanako Deguchi, Akira Ono, Hidetaka Torigoe

“Specific interaction between Ag* and mismatched pyrrolo-dC-modified duplex DNA
and its application to SNP detection”

Ayami Yaguchi, Ryo Akiba, Akira Ono, Hidetaka Torigoe

“Interaction between metal ion and mismatched thiothymine-modified duplex DNA”

Metals in Biology in Wako, Wako, Japan (2015)

Jun Nakazawa, Frédéric Oddon, Shiro Hikichi

Reactivity of Nickel-acylperoxo Complexes

Frédéric Oddon, Yosuke Chiba, Jun Nakazawa, Shiro Hikichi

Characterization of a Diamagnetic Iron(l11)-Superoxo Complex Supported by a Five
Azolyl Donor Set

7th International Conference on Green and Sustaineble Chemistry (GSC-7), Tokyo,
Japan (2015)

Hisao Hori, Takehiko Sakamoto, Kenta Ohmura, Haruka Y oshikawa, Tomohisa Seita,
Tomoyuki Fujita, Y oshitomi Morizawa

Efficient-Oxygen Induced Decomposition of Melt-Processable Fluoropolymers in
Subcritical and Supercritical Water

21st International Conference on Fluorine Chemistry, Como, Italy (2015)

Hisao Hori, Takehiko Sakamoto, Kenta Ohmura, Haruka Y oshikawa, Tomohisa Seita,
Tomoyuki Fujita, Y oshitomi Morizawa

Efficient-Oxygen Induced Decomposition of Melt-Processable Fluoropolymers in
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Subcritical and Supercritical Water

66th Annual meeting of International Society of Electrochemistry, Taipei, Taiwan,
(2015)

Shingo Kaneko, Yuichi Sato, Futoshi Matsumoto, Junwei Zheng, Decheng Li
Size-regulated Precursor-Based Synthesis of Lithium-Rich Layered Cathode Material
Deriving High Rate Capability

227nd Meeting of ECS, Chicago, USA (2015)

T. Gunji, T. Tanabe, S. Kaneko, F. Matsumoto, K. Sasaki, A. J. Jeevagan

Enhanced Oxygen Reduction Reactions and Stable Long-term Activity on
TiO,-supported Dealloyed PtCu Nanoparticles in Acidic Aqueous Solutions

Joint Symposium of 11" International Symposium on the Kanagawa University —
National Taiwan University Exchange and Hiratsuka Symposium 2016, Kanagawa
(2016)

Tomoyoshi Ito and Toshiaki Matsubara

ONIOM-MD Study of the Nucleophilic Substitution Reaction at the St Atom

Satoru Shimada and Toshiaki Matsubara

ONIOM-MD Study of the Reaction Mechanism of Amide Bond Cleavage

The 9th International Congress of Comparative Physiology and Biochemistry,
Krakow, Poland (2015)

S. Kotaka, N. Tsutsui, T. Ohira

cDNA cloning of two crustacean female sex hormones from the kuruma prawn
Marsupenaeus japonicus
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Kenji Nagashima, Andre Vermeglio, Sakiko Nagashima and Kazuhito Inoue

A novel membrane-bound multi-heme cytochrome c¢ potentially functioning in
photosynthetic cyclic electron transport chain of the purple bacterium, Rubrivivax
gelatinosus

Masaru Kono, Masaharu Kitashima, Yoshihiro Suzuki, Kazuhito Inoue and Ichiro
Terashima

A mechanism of photosystem-I photoinhibition by short-pulsed fluctuating light and its
suppression by far-red light illumination

Hajime Masukawa, Hidehiro Sakurai, Kazuhito Inoue

Mutants with increased heterocyst frequencies in Anabaena sp. PCC 7120 enhance
photobiological hydrogen production

Hidehiro Sakurai, Hajime Masukawa, Takeshi Sato, Hikaru Hanamoto, Masaharu
Kitashima, Sakiko Nagashima, Kenji VP Nagashima, Evgeny Shastik, Tatyana
Laurianavichene, Gavrisheva , Anatoly Tsygankov, Kazuhito Inoue

Some schemes for improvement in activity and for cost reductionof photobiological
hydrogen production by cyanobacteria and purple bacteria

The Institute of Electronics, Information and Communication Engineers (IEICE)
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B REERR L = A4 T M O Z NV DERRE ZF DKL A A FRfihEAE
ZHANG, Zhenxin, MURAYAMA, Toru, SADAKANE, Masahiro, UEDA, Wataru
Ultrathin Inorganic Molecular Nanowires based on Transition metal oxides

£ )1BE5E,  DANIEL, Jones, SARWAT, Igbal, DAVID, Morgan, DAVID, Willock,
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JONATHAN, Bartley, JENNIFER, Edwards, £ [Lifit, & /KWF—. EH#, GRAHAM,
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Ultrathin inorganic molecular nanowires based on polyoxometalates
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Hisao Hori, Hiroki Saito

Efficient Decomposition of a New Fluorochemical Surfactant: Perfluoroalkyl
Disulfonate to Fluoride lons in Subcritical and Supercritical Water

Shohei Wachi, Taizo Sano, Hisao Hori

Visible-light Induced Decomposition of Monoethanolamine in Water with Graphitic
Carbon Nitride

Yuki Furusawa, Hisao Hori

Oxidative Decomposition of Fluoropolymer PCTFE Using Supercritical and Subcritical
Water
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Irsee VII Symposium, Germany, June 4-7, 2015

Synthesis and Property of New All Inorganic
3D Porous POM

Wataru Ueda’?*?

! Department of Material and Life Chemistry, Faculty of Engineering, Kanagawa University, 3-27-1
Rokkakubashi, Kanagawa-ku, Yokohama, 221-8686, Japan
2 Catalysis Research Center, Hokkaido University, N-21, W-10, Kita-ku, Sapporo 001-0021, Japan
% Materials and Structures Laboratory, Tokyo Institute of Technology, 4259, Nagatsuta, Midori-ku,
Yokohama, 226-8503

ABSTRACT

Polyoxometalates (POMSs) are transition metal oxides with diverse structures.
POMs have received much attention, because they possess excellent properties such as
acidity, redox property, high stability, structure diversity, and easy structural
modification, leading to plenty of practical applications and potential applications in
catalysis, photo-catalysis, material science, magnetism, biology, and medicine. In the
field of material science, POMs are well known as ideal building blocks for
constructing organic-inorganic hybrid crystalline materials due to easy modification of
their structures with organic ligands.

So far, many POM-based crystalline materials have been designed and
successfully synthesized by connecting POM building blocks with organic linkers.
This method can easily yield novel and interesting structures based on POMs.
However, the synthesized materials containing organic ligands are usually not suitable
for use as solid catalysts working at elevated temperature due to their weak thermal
stability. Therefore, all-inorganic porous POM has been desired for many years.

Recently we have found that POMs can be utilized as building block donors for
construction of microporous complex metal oxides without organic ligands. The first
example is an assembly of POM pentagonal units of [MogO,;] with metal-oxygen
octahedral linkers, which is the orthorhombic Mo-V oxide and trigonal Mo-V oxide
with heptagonal channel pores. The unique point is that the micropore aperture of the
materials is tunable by redox reaction on the materials.

The second example that we recently succeeded in preparation is an assembly of &-
Keggin POMs with bismuth ion linkers in a tetrahedral fashion into a cubic Mo-V-Bi
oxide, which shows microporosity after removal of the existing guest molecules. The
material shows zeolite-like properties such as selective ion-exchange, selective
molecule adsorption, and acid catalysis.

The above successes of the synthesis of porous all inorganic metal oxides clearly
support usefulness of the assembling methodology of POM units and metal oxide
linkers. The porous structure will be related to catalytic functions and the results may
allow us to see real local structure for catalytic reactions.
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Light alkane activation chemistry and technology using high
dimensional crystalline complex metal oxide catalysts

Wataru UEDA
Department of Material and Life Chemistry, Kanagawa University,
3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama, Japan 221-8686

Effective utilization of alkanes as sources of alkenes and their derivatives
production has long been targeted in chemistry and technological researches and the
interest is even now expanding because of the shale gas revolution and methane hydrate.
The targets are, however, still challenging. The main problem is that light alkanes are
poorly reactive due to no lone pairs of electrons, no empty orbital, and little polarity of
the C-H bonds, so that desired processes for the utilization are considered of catalytic
technology, particularly catalytic oxidation. Complex metal oxides with high
dimensional structures in nano-scale appear to have high potentiality, since the complex
metal oxide materials can attain multi-functional catalytic properties. The most
prominent examples is crystalline MozVOXx, which is a new type of complex metal
oxide catalysts and relating MoV TeNbO catalysts have been found highly active for
alkane oxidation in gas-phase.  The presentation will first focus on recent
developments on complex metal oxide catalysts based on MosVOyx materials for
selective alkane oxidation and then more details on pure MosVOy materials will be
described in terms of crystal structure, structure formation, element incorporation, and
alkane catalytic oxidation chemistry, particularly for ethane oxidation.
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Evolution of complex metal oxide catalysts for
oxidative conversion of light hydrocarbons

Wataru UEDA
Department of Material and Life Chemistry, Kanagawa University,
3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama, Japan 221-8686

uedaw@kanagawa-u.ac.jp

Catalytic oxidative conversion of light hydrocarbons has greatly contributed to
our chemical products-based society and sustained it for many years. Obviously we
need further development of the conversion and then inevitably need evolution of
catalysts for the conversion, particularly complex metal oxide catalysts. For the
evolution, understandings on catalysis field with local structure and catalytic element
arrangement in addition to understandings of catalysis dynamics under reaction have to
be advanced and on top of that new methodologies of catalyst synthesis and preparation
also have to be advanced for generating new catalytic materials and new reactions. In
fact, complex metal oxide catalysts for the oxidative conversion of light hydrocarbons
are now moving toward high-dimensional materials. The trend of this movement will be
highlighted in the presentation.

—444 —



EventPilot Web https://ep70.eventpilotadmin.com/web/page.php?page=IntHtml&pro...

The 2015 International Chemical Congress of Pacific Basin Societies/\7J A

© 0
(4) Organic:

45 - Chemical biology fantasia

View Session Detalil
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Abstract Body:Many compounds with surprisingly unique structures and marvelous biological activities
have been identified from marine organisms. In this presentation, | will highlight some fascinating
natural products as drug leads and as tools to examine biological phenomena.

Halichondrin B is a good example of a natural product that has been studied as a drug lead. This
polyether macrolide was first isolated from the black sponge Halichondria okadai and was shown to
have antitumor activity. The natural product showed a novel mechanism of action that disrupts the
dynamics of tubulin polymerization, which makes it an interesting candidate for cancer therapy.
However, developmental studies were hindered because of its limited availability. The complete
synthesis of halichondrin B led to a turning point. This achievement made available a sufficient amount
of material for future studies and made possible an examination of the structure-activity relationship,
which revealed that a macrocyclic lactone moiety is essential for this activity. Finally, this moiety is
now available on the market as the breast cancer drug Halaven, which offers hope to end-stage
patients.

As making out from the Halaven example, natural products possess potent bioactivities to treat
various diseases. Now, we are conducting research aimed at discovering novel compounds that
exhibit such keen bioactivities.
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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. To propose promising drug candidates, we tried to identify the

natural product which controls fatty acid metabolism and explication of those mechanisms.

Yoshinone A, a y-pyrone cantaining-natural product derived
from a cyanobacterium Leptolyngbya sp. collected in Ishigaki
Island, was first identified as an inhibitor of fat cell
differentiation of 3T3-L1 cells. In this study, we examined the
effect of yoshinone A to adipocytes and found that the
compound decreased the triglyceride level in the cells.

Furthermore, administration of yoshinone A derivative to

yoshinone A

mice with high fat-diet clearly demonstrated that the compound inhibited weight increase in vivo. These findings

suggested that yoshinone A might be a potent drug lead to treat obesity. And then, | will present some new topics.
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Application of Pt-based Ordered Intermetallic Nanoparticles to Electrocatalysts of Polymer
Electrolyte Fuel Cells

Futoshi Matsumoto

Department of Material and Life Chemistry, Faculty of Engineering, Kanagawa University
3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama-shi, Kanagawa 221-8686, Japan
Email:fmatsumoto@kanagawa-u.ac.jp

In recent years, within the polymer electrolyte membrane fuel cell research field, enormous attention has been
directed toward the development of direct fuel cells (DFCs) in which small organic molecule (SOM) liquid fuels, such
as methanol (MeOH), ethanol (EtOH), and formic acid (FA), are used as fuels [1, 2]. Among the main fuel molecules,
EtOH is a promising alternative fuel because of its relatively low toxicity and high energy density and because it does
not release carbon that was previously sequestered underground as coal, petroleum, or natural gas into the atmosphere
[3]. However, the full potential of DFCs has not been fulfilled due to the slow kinetics in the anode reactions [4]. It has
been reported that the oxidation kinetics of organic fuels in acidic media exhibits slower kinetics than in alkaline
environments due to catalyst poisoning by reaction intermediates [5]. One of the research and development challenges
facing alkaline-type polymer electrolyte fuel cells using SOMs is the design of better alternatives to the Pt, Pd, and Pt-
Ru alloys currently used as the anode catalysts [6,7]. To improve the electrocatalytic activity, Pt- and Pd-based alloy
electrocatalysts have been investigated in alkaline media [8]. Although the aforementioned alloys are promising
materials, there are problems associated with the use of disordered alloys (and alloys in general) as catalysts for fuel
cell applications, including the surface segregation of metal atoms and the partial poisoning by CO due to insufficient
quantities of the bimetallic elements on the surface.

Recently, a new approach that avoids the problems inherent in disordered alloy catalysts has been proposed for
highly active electrocatalysts for fuel cell applications [9]. In contrast with disordered alloys, intermetallic compounds
with definite compositions and structures, such as PtPb and PtBi, exhibit excellent electrocatalytic performance towards
FA oxidation in acidic solutions in terms of onset potential and current density [10, 11]. Abrufia et al. have examined
the FA, MeOH, and EtOH oxidation activities with a wide range of intermetallic compounds (PtPb, PtBi, and Pt;Ti) in
acidic media and found that the intermetallic compounds exhibit enhanced catalytic activity when compared with pure
Pt [10, 11]. In our previous study, we reported that PtPb and PtBi ordered intermetallic compounds exhibited higher
electrocatalytic activity towards MeOH and EtOH oxidation in alkaline aqueous solutions than Pt, Pt-Ru alloy, and
other Pt-based ordered intermetallic compounds [12]. In this paper, we report on the enhancement of the
electrocatalytic activity of PtPb ordered intermetallic compounds towards MeOH and EtOH oxidation in alkaline
aqueous solutions. To achieve this, carbon black (CB)-supported PtsPb(core)-PtPb(shell) intermetallic NPs (PtsPb-PtPb
NPs/CB) were synthesized via a method (hereafter referred to as the “converting reaction method”) in which the CB-
supported Pt NPs react with a Pb precursor in the presence of a reducing agent under microwave irradiation. In the
converting reaction method, the Pb atoms were only observed in the PtPb NPs and not on the CB surfaces. In other
words, Pb NPs were not formed on CB in the reaction with microwaves, indicating the selective reaction of Pb atoms
with Pt NPs on the CB surfaces, as previously reported by Bauer and our group [13, 14]. By controlling the amount of
Pb atoms, the core-shell structure with Pt;Pb and PtPb intermetallic phases can be formed in a NP. The activities of
PtsPb-PtPb NPs/CB were compared with those of the reference samples consisting of pure PtPb NPs/CB and PtsPb
NPs/CB, which were prepared on the CB through the co-reduction reaction of the Pt and Pb precursors in the presence
of a reducing agent and CB (hereafter referred to as the “co-reduction reaction method”). As mentioned above,
previously, we have reported that PtPb and PtBi ordered intermetallic phases are the most promising electrocatalysts
for MeOH and EtOH oxidations via the exhaustive screening of the ordered intermetallic phases for alkaline MeOH
and EtOH oxidations [12]. Yang also reported promising electrocatalytic activity of PtBi towards alkaline MeOH
oxidation, which is comparable to our results for the MeOH oxidation observed on pure PtBi and PtPb NPs [15]. In
addition, several Pd-based alloys have also been examined toward the EtOH oxidation in an alkaline environment [16-
18]. Among Pd-based alloys, Pd alloyed with Ni (PdNi) [16] demonstrated the highest alkaline EtOH oxidation activity
and the activity is comparable with that of the pure PtPb NPs. In this research, our current results obtained with PtsPb-
PtPb NPs/CB were compared with that of works mentioned above.

1. F. Matsumoto, C. Roychowdhury, F.J. DiSalvo and H.D. Abrufia, J. Electrochem. Soc., 155(2), B148 (2008).

2. C. Roychowdhury, F. Matsumoto, V.B. Zeldovich, P.F.Mutolo, M. Ballesteros, H.D. Abrufia and F.J. DiSalvo, Chem.
Mater, 18, 3365 (2006).

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

4. M.C. Orilall, F. Matsumoto, C. Zhou, H. Sai, H.D. Abrufia, F.J. DiSalvo, U. Wiesner,J. Am. Chem. Soc., 131 (26),
9389 (2010).

5. T. Gunji, T. Tanabe, A.J. Jeevagan, S. Usui, T. Tsuda, S. Kaneko, G. Saravanan, H. Abe, F. Matsumoto, J. Power
Sources, 273, 990 (2014).

6. T. Gunji, K. Sakai, Y. Suzuki, S. Kaneko, T. Tanabe, F. Matsumoto, Catalysis Communications, 61, 1 (2015).
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Application of the ONIOM-Molecular Dynamics (MD) Method
to Chemical Reactions

Toshiaki Matsubara

Department of Chemistry, Kanagawa University, Tsuchiya, Hiratsuka 259-1293, Japan

The ONIOM hybrid method™? integrating quantum mechanical (QM) and molecular
mechanical (MM) methods is one of powerful methods that allow to calculate large molecular
systems with the high accuracy afforded for smaller molecular systems. The notable feature of
this method is that it can include the environmental effects into the high level QM calculation
through a simple extrapolation procedure. The definition of the layer is quite simple, and also the
layer is easily extended to the multiple-layers. This is a significant difference from the
conventional QM/MM methods that adopts the sophisticated link between the QM and MM
regions and makes the handling difficult. The ONIOM method is thus flexible and versatile, and
is therefore widely used as an efficient approach beneficial to many areas of chemistry.*”

However, when the target is a biomolecule, such as an enzyme, the property of the entire
system would be strongly affected by its dynamical behavior. In such case, the ONIOM method is
not satisfactory. We therefore developed the ONIOM-molecular dynamics (MD) method®
coupling the ONIOM method with the MD method in order to analyze the more complicated
large molecular system where the thermal fluctuation of the environment plays an important role.
In fact, the ONIOM-MD method has made it possible to characterize the function of the protein
and the enzyme in a realistic simulation of the thermal motion, retaining the concept embodied in
the ONIOM method.**® We have also examined the environmental effect of the substituent'**?
and the solvent™ on chemical reactions taking account of the thermal motion and found that the
thermal fluctuation of the environment significantly affects to facilitate the reaction.
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Some studies of the function of the components of thiosulfate
oxidizing multi-enzyme system from the green sulfur
bacterium Chlorobaculum tepidum

Hidehiro Sakurail, Masaharu Kitashima?, Takaaki Ito? 3, Kazuhito Inoue? 2

I Research Inst. for Photobiological H; production, Kanagawa University, Japan
2 Department of Biological Sciences, Faculty of Science, Kanagawa University, Japan
3 Medical Mycology Research Center, Chiba University, Japan (present address)

Thiosulfate oxidation is catalyzed by the collaboration of the three proteins (SoxAXK,
SoxB, and SoxYZ: the core TOMES)12, and the presence of the fourth component the
flavoprotein SoxF (CT1015) stimulates the reaction in the reconstituted system3) from
the phototrophic green sulfur bacterium Chlorobaculum tepidum. We will discuss some
details of the effects of SoxF on the core TOMES reaction including the inhibition of
sulfite oxidation by SoxF. SoxYZ tends to be inactivated on storage in solution, which is
ascribed in part to the oxidation of the SH group on SoxY essential to the function. The
inactivated SoxY from the heterotrophic bacterium Paracoccus pantotrophus was
reported to be reactivated greatly by incubation with sulfide but only partially with
reductants such as DTT or tris(2-carboxyethyl)phosphine (TCEP) (Quentmeier et al.
2007). The inactivation and the reactivation are explained by the oxidation state of the
SH group on SoxY and also by the conformational change of SoxYZ. We studied the
relationship between the core TOMES activity of various preparations of SoxYZ and the
changes in the molecular mass of SoxY as isolated or after various treatments by MALDI-
TOF mass spectrometry. Our results suggest that in addition to the recovery of the
reduced SH group from the oxidized state, we need additional assumption in order to
explain the stimulating effects of sulfide.

1) Ogawa, T. et al. (2008) J. Bacteriol. 190: 6097-6110 (2008).
2) Sakurai, H. et al. (2010) Photosyn. Res. 104: 163 (2010).
3) Ogawa T. et al. (2010) Biosci. Biotechnol. Biochem. 74: 771 (2010).
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Our Efforts toward Achieving Commercially Viable Large-scale Photobiological
Hydrogen Production by Cyanobacteria
Hidehiro Sakurai®, Hajime Masukawa’, Masaharu Kitashima®, Kazuhito Inoue"’

'Res. Inst. for Photobiol. Hydrogen Production, Kanagawa Univ., Japan; 2Adv. Res. inst. Natural Sci.
and Technol., Osaka City Univ., Japan; 3Dept. Bio. Sci., Fac. Sci., Kanagawa Univ., Japan

Photobiological H2 production by cyanobacteria is considered to be an ideal source of renewable
energy because the inputs, water and sunlight, are abundant. In order to achieve commercially
viable productions, the system should be large in scale (~ km2) and labor savingl). We have
proposed the use of flexible H2-barrier plastic bags floating on the sea surface as the bioreactors.
We adopted nitrogenase-based H2 production because: nitrogenase unidirectionally produces H2
and the inactivation of uptake hydrogenase (Hup) allows the cells to accumulate H2 for a long time
in the presence of 02 evolved. Although the energy conversion efficiency (total light energy into
H2) of about 1.5% has been reported under laboratory conditions, the maximum values of the
efficiency reported under outdoor conditions is 0.2% in experiments lasting more than 2 days, and
we set the tentative target to 1%. The theoretically maximum energy conversion efficiency is
estimated to be between 7.3% and 6.3% for the total solar radiation. We have set up a solar
simulator in order to estimate the outdoor efficiency of any production sites where the
meteorological data (solar radiation and temperature) are available. We have created various
mutants by genetic engineering and characterized their H2 production activity: the increase in the
heterocyst frequency, the insensitivity to (not repressed by) high concentrations of N2, the
truncation of antenna.

References

1)Sakurai, H. et al.(2015) How close we are to achieving commercially viable large-scale
photobiological hydrogen production by cyanobacteria: A review of the biological aspects. Life 5:
997-1018 (2015). doi:10.3390/1ife5010997
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Inactivation of Mo-type Nitrogenase and Selective Expression of V-type Nitrogenase
Activity of the Heterocystous Cyanobacteria
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Nitrogenase produces H2 as an inevitable by-product of the reaction and can be used as the
enzyme of photobiological H2 production: N2 + (6 + 2n)H+ + (6 + 2n)e- + 2(6 + 2n)ATP - 2NH3 +
nH2 + 2(6 + 2n)(ADP + Pi) ([Eq 1] ). With respect to the catalytic metal cluster, three types of
nitrogenase can be distinguished: Mo-type (gene cluster: nif ), V-type ( vnf), and Fe-only-type ( anf
). Mo-type nitrogenase is considered to be the most efficient (generally n = 1, in [Eq 1] ) of them in
nitrogen fixation (with the other two, n > 1, and the reverse is true with respect to H2 production)
and preferentially expressed in organisms that also have the other type(s). All of nitrogen-fixing
cyanobacteria have the Mo-type, but some of them the V-type in addition. The occurrence of Fe-
only-type in cyanobacteria has not been reported. A heterocyst-forming Nostoc sp. strain PCC 7422
has both nif and vnf genes, and we have sequenced a part of the two gene clusters. In order to
preferentially express V-type nitrogenase, we knocked out nifH by insertional gene inactivation over
the hydrogenase mutant (AHup) as the parent. The mutant thus created showed almost no
nitrogenase activity in the presence of Mo. Some conditions necessary for expressing the V-type
activity will be reported.

Keywords: nitrogenase, cyanobacteria, production, genetic, hydrogen, energy, engineering,
renewable
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Synthesis and characterization of a new &-Keggin polyoxometalate-based fully-inorganic
microporous crystalline oxide
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A new ¢-Keggin polyoxometalate-based microporous material was successfully synthesized, the
structure of which was determined by powder X-ray diffraction, XPS, and elemental analysis. The
e-Keggin-type polyoxomolybdate units, [e-FeosM012040], are connected with Fe ions tetrahedrally
to form a 3D framework. The material shows zeolite-like property such as small molecule
adsorption.

Introduction

Zeolites comprised of mainly X-O (X = Si, P, and Al) tetrahedra have attracted much attention.
However, zeolites are rarely redox active. Transition metal oxides are redox active compared with
zeolites. New ¢-Keggin polyoxometalate (POM)-based microporous materials have been
synthesized, [1-3] which show interesting properties and applications, such as adsorption, [4]
separation, ion-exchange, [1,2] and catalysis. [2,3] The materials offer the advantage of diversity of
the elements in their structures, and properties of the materials are tuned with changing the chemical
compositions.

Herein, Fe ions were incorporated in the framework of the POM-based microporous material,
denoted as Mo-Fe oxide. The material shows interesting zeolite-like property such as molecule
adsorption.

Experimental

Synthesis of Mo-Fe oxide:
(NH4)sM07024:4H,0O (2.060 g, 11.7 mmol
based on Mo) was dissolved in 40 mL of
distilled water. Metal Mo (0.2 g, 2.1 mmol)
and FesO4 (0.258 g, 1.1 mmol) were added to
the mixture sequentially. The mixture was
introduced into a 50-mL stainless-steel
autoclave with a Teflon liner, and the
autoclave was fixed in an oven with a
mechanical rotation system. Hydrothermal
synthesis was performed at 448 K with
rotation for 48 h. After purification, 0.87 g of
Mo-Fe oxide (yield: 44% based on Mo) was
obtained.

Results and discussion
Structure analysis based on powder XRD
was carried out on Mo-Fe oxide. The result

obtained by using a charge-flipping algorithm
and elemental analysis revealed that Mo was
present in the surrounding metal sites, Fe was
present in the linking metal site, and the

Figure 1. a) e-Keggin POM and connection of POM
unit, b) unit cell of Mo-Fe oxide, Mo: blue, Fe: purple,
O: red, and c) comparison of simulated pattern from
Rietveld analysis with experimental pattern.
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central metal site was occupied by Fe with 0.6 of occupancy. Other sites were assigned to be O
atoms of the Keggin-unit, counter cation, and water (Figure 1a,b). The initial structure of Mo-Fe
oxide was refined with Rietveld method. Figure 1c shows the comparison of simulated powder
XRD pattern with experimental pattern of Mo-Fe oxide with a low Ryp value of 5.66%. Structure
analysis demonstrated that the POM building blocks of Mo-Fe oxide were [e-FeosM012040]. The &-
Keggin cores formed by assembly of Fe-O tetrahedron with 12 surrounding Mo-O octahedra, which
were connected with Fe ions in a tetrahedral fashion to
form a 3D framework (Figure 1). No additional peak
was found in the experimental XRD pattern compared
with simulated pattern, indicating that the powder
sample was pure.
Figure 2 shows a High-resolution TEM image of the
material along the 101 direction. The lattice parameter
of the unit cell (19 A) and distance of the (111) plane
(11 A) were also obtained from the HRTEM image,
which were in good agreement with the results
obtained from crystal structure of the material.
Oxidation states of metal elements were determined
by XPS. Fe ions in the material were mixture of Fe'"
and Fe'. The ratio of Fe': Fe'' was 1.7: 0.9. The
surrounding 12 Mo ions were mostly reduced, and the
ratio of Mo"": Mo" was 3: 9. The presence of watel  Figure 2. TEM image of Mo-Fe oxide,
and NH4" in Mo-Fe oxide was confirmed by FT-IR  jngert: power spectrum.
analysis. The IR bands at 1627 cm™ and 1400 cm™
were attributed to water and NHs" in Mo-Fe oxide,
respectively. The amounts of NH4s" and water were
estimated by elemental analysis. The detailed formula
of Mo-Fe oxide was (NH4)2Hg o[-
Fe''lygFe''1.7M0YeM0"'3040]-2H:0.
The material was calcined under high vacuum at
473 K to remove water and ammonia in the material,
and pores of the material were opened. Mo-Fe oxide
showed zeolite-like property. Nz adsorption-
desorption measurement showed that Mo-Fe oxide
was a microporous material with BET surface area of Figure 3. CO, adsorption isotherm of Mo-Fe
20 m?/g. The material could adsorb other small  ,yige.
molecules such as CO> (Figure 3).

Conclusion

In summary, a new microporous e-Keggin POM-based oxide, Mo-Fe oxide, was synthesized.
The material is composed of e-Keggin POM units, [e-FeosMo012040], which are linked by Fe ions.
The material shows zeolite-like molecule adsorption property.
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1 Introduction

Mesoporous silicas have been regarded as potential support materials for catalysts and
adsorbents. However, its applicability is still limited because their inner surfaces are covered
with silanol groups, which are rather inert to promote reactions while it can act as effective
hydrogen boding donors/acceptors. The vast number of researches has been reported to
introduce catalytically active components, such as metal nanoparticles, enzymes and organic
functionalities inside porous structure [1]. Oligopeptide is also nice candidate for investing with
asymmetric catalytic activity to mesoporous silicas, because immobilization of oligopeptide on
solid surfaces is an established technique as the solid phase peptide synthesis. In this work, the
Pro-Pro-Asp tripeptide molecules, which are reportedly effective homogeneous catalyst for
direct aldol reaction [2], were immobilized on the surfaces of various mesoporous silica
supports and investigated the cooperative characteristics of peptide molecules and silanol groups.

2 Experimental

Mesoporous silicas of SBA-15, MCM-41 and KIT-6 were prepared according to the standard
methods. Prior to the peptide introduction, NH> functionalities were introduced on mesoporous silica
surfaces by using the silane coupling agent of 3-aminopropyltriethoxysilane derivative which has the
bulky protecting group on the nitrogen atom for providing high dispersion of NH2 groups on silica
surfaces [3]. Pro-Pro-Asp tripeptide molecules were immobilized on NH: groups on silica surface
by sequential introduction of the corresponding amino acids applying a solid phase peptide synthesis
technique (Fig. 1). Microporous silica and aminomethyl polystyrene resin were also modified with
the tripeptide using the same procedure. The obtained Pro-Pro-Asp tripeptide-modified catalysts are
denoted as PPA-catalysts. The direct aldol reaction was carried out under the following conditions.
To dispersions of PPA modified catalysts (containing 25 umol of peptide) in 3 mL of acetone, p-
nitrobenzaldehyde (151 mg, 1 mmol) and the internal standard material of o-dichlorobenzene (20
mg) were added. The suspensions were stirred at ambient temperature for 48 h with periodical
sampling for determining the yield of the aldol product by HPLC analyses.

i) Introduction of an Asp residue O H

3 Results and discussion g

O;/Si/\/\NHz X00C Piperidine @;/Sl/\/\ NH,
DMF
HBTU, HOBt COOX

0 DMF
SBA-15-NH,

N.
HO Fmoc 0o

The results of the aldol reaction,
N2 physisorption analyses and loading
amount of peptide are summarized in

H-Asp(OX)-SBA-15 (X: 'Bu, Me)

ii) Synthesis of Pro-Asp-SBA-1 5

Table 1. N2 physisorption analyses
revealed that the PPA-mesoporous
catalysts maintained its quite large
surface area and pore volume even
after immobilization of the tripeptide.
Mesoporous structure and large pore
volume may provide those catalysts for
accessibility of substrate molecules to
the catalytically active PPA peptide
molecule. The loading amount of PPA
peptide on mesoporous silicas are in
the range of 0.11~0.15 mmol/g,
suggesting that averagely 6 ~ 10 nm?
of the surfaces are allowed for each

HO

o B
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Pro-Pro-Asp-SBA-15 (X = H),
Pro-Pro-Asp(OMe)-SBA-15 (X = Me)

Fig. 1. Synthetic procedure for tripeptide-modified SBA-15.

PPA peptide molecules. Those values indicate that each peptide molecules are well dispersed on
the mesoporous silica surface. The direct aldol reaction of 4-nitrobenzaldehyde and acetone was
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conducted using various PPA tripeptide modified catalysts. PPA-MCM-41 exhibited the highest
catalytic activity among the prepared catalysts. 68% of the aldol product was yielded for 8 h
with 18 % of e.e. The maximum vyield of 81% was achieved at 24 h. The other peptide modified
mesoporous silica catalysts of PPA-SBA-15 and PPA-KIT-6 also showed higher catalytic
activity than the PPA-silica and PPA-resin catalysts. Those results show that mesoporous silica
supports with wide surface area and large pore volume facilitate diffusion of reactants and
products to/from catalytically active peptide molecules immobilized on the supports.
Interestingly, the enantioselectivity of PPA-mesoporous and microporous silica catalysts are
inverted comparing to those of PPA-resin and reported result at homogeneous conditions [2].
The silica based supports afforded R enantiomer predominantly whereas the resin support and
free peptide molecules in homogeneous conditions afforded S enantiomer. The PPA-resin
catalyst with selective protection of the carboxylic group on the side chain of the Asp residue
exhibited inverted enantioselectivity to afford R enantiomer with 16% of e.e., suggesting that the
carboxylic group dominates enantioselectivity. The observation of almost identical
enantioselectivity to the silica based supports indicates that the carboxylic group was inactivated
when the PPA molecule is immobilized on the silica surfaces. This inactivation of carboxylic
group is probably caused by formation of hydrogen bonding with surface silanol groups.

Table 1. Direct aldol reaction of 4-nitrobenzaldehyde and acetone catalysed by
tripeptide-modified mesoporous silica catalysts

/@) )j\ 25 mul% of cat. /@)\/\k /@/\)‘\

1 mmol excess (S)-isomer (R)-isomer

Abs.  BET surface Porevolume  Loading amount

Catalysts Time/h Yield/% ee/% Conf® area/mge / cmigt of PPA 7 mmol-g™:
PPA-MCM-41 8 68 18 R 833 0.73 0.13
PPA-SBA-15 8 35 17 R 545 0.90 0.15
PPA-KIT-6 8 26 15 R 642 0.44 0.11
PPA-silica 8 17 17 R 276 1.20 0.08
PPA-Resin 9 2 26 S <5 - 0.55

aAll values and the absolute configuration were determined using HPLC analyses. PAbsolute configuration of the
predominatly formed enantiomer.

4  Conclusions

The catalytically active PPA peptide was successfully heterogenized by using solid phase
peptide synthesis technique. The mesoporous silica supported catalysts exhibited superior
catalytic activity to the microporous silica and resin supported catalysts. Wide surface area and
mesoporous structure may facilitate diffusion of reactants and products to/from catalytically
active peptide molecules immobilized on the support surfaces.
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1 Introduction

Orthorhombic Mo29V110112 oxide (MoVO) has attracted much attention because of their
outstanding catalytic performance for the selective oxidation of ethane [1]. MoVO is a layered
structure comprised of pentagonal [M0s021]% unit and {MOs} (M = Mo, V) octahedral. The
arrangement of the pentagonal [M0s021]% unit and the {MOs} octahedral forms framework unit.
Voids in the framework are filled with pentamer units comprised of five octahedra, resulting in
the formation of hexagonal and heptagonal channels. The heptagonal channel in MoV O structure
acts as a micropore with 0.40 nm in diameter which can adsorb small molecules like as light
alkanes. The size of the channel is tuneable by redox treatment [2]. Recently, we have reported
that the heptagonal channel converts ethane to ethene inside the channel, resulting in significantly
high catalytic activity [1]. This time, the relationship between the microporosity and the catalytic
activity for the selective oxidation of ethane is discussed.

2 Experimental

An aqueous solution of VOSO4 was added to the aqueous solution of (NH4)eM07024 (Mo/V=4)
and poured into an autoclave for hydrothermal reaction at 175 °C for 48 h. Dried samples were treated
with oxalic acid, then calcined at 400 °C for 2 h under static air (MoVO (0)). MoVO (0) was heat-
treated under 70 ml min of 5% Hy/Ar at 400 °C for a given length of time. Obtained samples are
abbreviated as MoVO (5) (5: 0.8, 2.9, 4.2,5.4, 6.1, 6.8) where & corresponds to the number of oxygen
evolved from the unit cell (M029V110112-5). MoVO (2.9) and MoVO (6.8) were again calcined under
static air at 400 °C for 2 h (MoVO (2.9)-AC and MoVO (6.8)-AC, respectively). The selective
oxidation of ethane was carried out in gas phase at atmospheric pressure in a conventional flow system
with a fixed bed reactor at 300 °C under C2Hs/O2/N2 = 5/5/40 ml min gas flow.

3 Results and discussion

By the redox treatments, no impurities are observed by XRD, IR, Raman. In addition, the
redox treatments caused no change in their bulk composition and external surface area. Figure 1
shows the micropore volume measured by propane adsorption (Vcsns) and ethane conversions at
10 min from starting the reaction of MoV O catalysts. The ethane conversion were increased with
increasing & until MoVO (4.2) (from 13.7% to 33.0%) and then decreased drastically for the
further & increase (from 33.0% to 0.5%). For the catalysts after the air calcination, the ethane
conversion of MoVO (2.9)-AC was 10.0%. Surprisingly, the ethane conversion of MoVO (6.8)-
AC was 31.2%, three times higher than that of MoV O (2.9)-AC while both of them were calcined
in the same condition. Adsorption behaviour of Vcsng upon the reduction was well matched with
that of the ethane conversion. The molecular size of propane (0.43 nm) is a little larger than the
size of the heptagonal channel (0.40 nm), indicating that the increase of Vcsang between MoVO
(0) ~ MoVO (4.2) corresponds to an expansion of the heptagonal channel. TPR shows that there
are two kinds of lattice oxygen in the Mo29V1:10112 structure, one is evolved in the early stage of the
reduction and hardly comes back by reoxidation. The other is continuously evolved during the
reduction and reversibly comes back by reoxidation. We abbreviated the former oxygen as a-oxygen
and the latter oxygen as 3-oxygen. From TPR, it was found that the evolution of o-oxygen is finished
by the reduction up to MoVO (4.2). XRD, IR, Raman showed that o-oxygen is placed in the pentamer
unit and B-oxygen is placed in the framework unit. From the propane adsorption, an expansion of the
heptagonal channel was implied by the reduction up to MoV O (4.2). Therefore, the a-oxygen should
be the oxygen in the pentamer unit which faced to the heptagonal channel (Ozg in Figure 2 (A)) and
the evolution of the a-oxygen should be related to an expansion of the heptagonal channel. For the
reoxidized catalysts, MoVO (2.9)-AC had the a-oxygen, while almost no a-oxygen in MoVO (6.8)-
AC was observed. Actually, Vcans of MoVO (6.8)-AC was twice higher than that of MoV O (2.9)-AC.
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Since another catalytically affective
factors of these catalysts were almost the
same, we concluded that the evolution of
a-0xygen increased the catalytic activity.
The increase of the catalytic activity
between MoVO (0) ~ MoVO (4.2) should
be due to the evolution of the a-oxygen.
The void generated by the evolution of the
o-0xygen may moderately activate
gaseous oxygen, resulting in the increase
of the catalytic activity. The crystal
structure of MoVO catalysts at each
reduction state is simulated by Rietveld
refinement. Figure 2 (B) illustrates the
diameters of the heptagonal channel. The
diameter in the short axis (D2) increased
with increasing o in the range of MoVO
(0) ~ MoVO (4.2), however, was
drastically decreased for the further
reduction by the expansion of
pentagonal [M0sO21]% unit. The drastic
decrease of Vcsng (as well as Vcons (data
not shown)) of the catalysts above
MoVO (5.4) should be due to the
decrease of D». Since ethane is
converted inside the heptagonal channel, the loss of the catalytic activity by the reduction above
MoVO (5.4) should be due to an inaccessibility of ethane to the heptagonal channel.

4 Conclusion

Relationships between the crystal structure, microporosity, and catalytic activity was found.
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Hydrogen storage materials composed of lithium hydride and conjugated
macromolecules

The development of highly efficient hydrogen storage systems is the key technology for
realizing hydrogen energy society in the near future. We found that the composites of metal hydrides
and conjugated macromolecules such as  polyacetylene, poly(p-phenylene) and
poly(diphenylacetylene) reversibly store and release hydrogen at lower temperature than pure metal
hydrides. In this presentation, hydrogen storage and release properties as well as mechanistic
investigation of these systems will be discussed. The Li-polyacetylene composite prepared from LiH
and polyacetylene by the ball-milling technique reversibly stored/released 2.7 wt% of hydrogen at
573 K, whereas no significant hydrogen release was observed for sole LiH and polyacetylene in the
same conditions. In the isotopic experiment employing (C2D2)» and LiH, the main product was Ha,
and neither HD nor D, was significantly observed, suggesting that hydride (H") incorporated with Li
ion was released as molecular hydrogen with transferring its electron to polyacetylene. Raman
spectroscopy and electrical conductivity measurements also support the occurrence of electron
transfer. Capability of conjugated macromolecules as an electron acceptors and stabilization of Li*
on the electron-accepted macromolecules may be the driving force for facile hydrogen release from
LiH. Moreover, not only polyacetylene but also poly(p-phenylene) and poly(diphenylacetylene)
exhibited similar enhancement for hydrogen release from LiH. Cyclic hydrogen storage and release
experiments showed that LiH-poly(p-phenylene) has better durability than polyacetylene. It is
probably because the higher structural stability of poly(p-phenylene) prevented unfavorable side

reactions that might inactivate LiH.
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Investigation of hydrogen storage and release mechanisms on lithium
hydride-polyaniline composite

We have reported that the composites of metal hydrides and conjugated macromolecules
reversibly store and release hydrogen at lower temperature than pure metal hydrides. Recently, we
found that lithium hydride-polyaniline composite (LiH-PANI) released hydrogen even lower
temperature than other composites of LiH-polyacetylene and LiH-poly(p-phenylene). In this work,
hydrogen storage properties of LiH-PANI and its hydrogen storage and release mechanisms are
reported.

The LiH-PANI composite prepared by using ball-milling technique released 2.3 wt% of
hydrogen at 523 K and could rehydrogenate with 3 MPa of hydrogen at the same temperature.
Moreover, 80% of storage capacity was maintained after 10 times of full desorption/adsorption
cycles. IR measurements revealed that N-H moieties on PANI converted to N-Li moieties during the
hydrogen release step. This result indicates that the acid-base reaction of protic hydrogen on the NH
moiety of PANI and hydride on LiH is responsible for hydrogen release. However, this reaction is
stoichiometrically allowed releasing 1.5 wt% of hydrogen, which corresponds to only 63% amount
of the observed hydrogen release amount. In the TPD measurement of the LiD-PANI composite,
hydrogen release peaks of HD and D, were clearly distinguished. Those result clearly show that the
participation of multiple reactions for hydrogen release from LiH-PANI. Release of D, from the
LiD-PANI composite and decrease of electrical conductivity after hydrogen release indicate that the

electron transfer reaction of hydride to conjugation system of PANI is another plausible reaction.
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Abstract Body:In the ocean, many structurally unique compounds that have significant biological
activities have been isolated from various marine invertebrates. Especially, sponges, belonging to the
porifera, are also isolated many natural products. Recent research suggests that many marine
sponges harbor various microbial symbionts, by which many bioactive compounds are produced, and
that the number of cultivable bacteria represents 1% or fewer of the total environmental bacteria. So,
to take advantage of sponge symbionts efficiently, the metagenomic analysis is optimal as culture
independent analysis technique. In this study, we isolate metagenomic DNA from bacterial symbionts
of Japanese marine sponge, H. okadai, and isolated a pigment from a metagenomic library.

Marine sponge, H. okadai, was crushed with buffer and separated by centrifuge and the genomic DNA
was extracted from bacteria fraction. Firstly, metagenomic DNA was ligated into fosmid vector
pCC1FOS vector (Epicentre) and the ligated vectors were transformed into E. coli EPI300
(Epicentre). The transformants were spread onto LB medium. A total of 150000 fosmid clones
metagenomic library were constructed. Then, isolated genomic DNA was ligated into BAC vector
pCC1BAC (epicentre) and the ligated vectors were transformed into E. coli EPI100.

Constructed fosmid library derived from H. okadai, was screened for pigment production to obtain
several active clones. Then, tinted clones were screened and the compound was purified from culture
broth of clone by several chromatography steps to afford single isolated compound. We clarified that
yellow pigment shows cytotoxicity to B16 cell (IC50 11.8 pM) .
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2009 - Studies on the search for bioactive substances from
marine organisms

View Session Detalil

Satomi Kobayashi, r201470049cj@kanagawa-u.ac.jp, Yoshinori Kawazoe, Daisuke Uemura
Chemistry, Kanagawa University, Hiratsuka, Kanagawa, Japan

Abstract Body:Marine organism are known to produce biologically active compounds with
extraordinary structures. For example, yoshinone A, isolated from Leptolyngbya sp., inhibites the
adipogenesis of 3T3-L1 cells. Therefore, marine organism are expected to be rich sources for
medicinal lead compounds. To propose promising drug candidates for the treatment of cancer, we tried
to identify the substances that inhibit HeLa cell growth from marine cyanobacteria and marine sponge
collected in Ishigaki Island.

Our efforts successfully isolated two novel compounds. From marine cyanobacterium, a substance
with green color was isolated. H-NMR study demonstrated that the compound contained porphyrin
ring or several hetero cycles and that it was similar structure with chlorophyll.

From marine sponge, we isolated another novel compound, named yoshiazole. This compound has
thiazole ring and two dihydroxyisoxazole rings. We determined substructure of Yoshiazole from 2D
NMR. Because these compounds showed strong growth inhibition effect against HeLa cells, they
were expected to be drug leads.
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View Session Detalil

Tomoya Suzuki, r201470052gv@kanagawa-u.ac.jp, Joto Yabe, Yoshinori Kawazoe, Daisuke

Uemura
Chemistry, Kanagawa University, Hiratsuka, Japan

Abstract Body:Dinoflagellates, unicellular alga, have symbiotic relationship to coral or sea anemone
and supply photosynthetic products and secondary metabolites to host. They produce
long-carbon-chain polyols and polyethers that are highly oxygenized. These structures are not seenin
those derived from terrestrial organisms. In addition, compounds produced by dinoflagellates possess
strong bioactivity. On the other hand, GSK-3, a protein serine/threonine kinase, is associated with a
lot of diseases including Alzheimer’s disease, cancer, and diabetes. Thus, small molecule compounds
modulating an activity of this enzyme might be helpful to treat the diseases stated above. In this study,
we are trying to look for novel compounds from large scale cultured dinoflagellates which show an
inhibitory effect against GSK-3B. In this presentation, we will discuss in detail.
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(10) Bench to Bedside: Chemistry of Health
Care:

190 - Reduction-activatable protecting groups for pro-
oligonucleotides

Kazuhiko Kondo, r201470104sd@kanagawa-u.ac.jp, Koichi lketani, Akira Ono, Hisao
Saneyoshi _

Material & Life Chemistry, Kanagawa University, Yokohama, Kanagawa, Japan

Abstract Body:Oligonucleotide derivatives such as antisense oligonucleotides and siRNAs
have gained a lot of attention as potential chemotherapeutic agents. Their highly specific
hybridization to mRNA 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 hypoxic environment in cancer cells to activate pro-
oligonucleotide and developed bio-reduction activatable protecting groups for pro-
oligonucleotides.

We designed the 2-nitropheny! propyl group for the protection of phosphodiester. We
synthesized several pro-oligonucleotides incorporating 2-nitropheny! propyl group at the inter
nucleotide linkages. The deprotection of 2-nitrophenyl propyl group was achieved with
nitroreductase/NADH to give naked oligonucleotides. The pro-oligonucleotides in this study
have also shown high nuclease resistance and good cellular internalization.

Reference

Bologna, J. C.; Vives, E; Imbach, J. L.; Morvan, F. Antisense & nucleic acid drug development
2002, 12, 33.
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188 - Use of 4-nitrobenzyl group for the development of
therapeutic oligonucleotides

Yuki Hiyoshi, r201570117kh@yjindai.jp, Koichi lketani, Kazuhiko Kondo, Akira Ono, Hisao
Saneyoshi
Material & Life Chemistry, Kanagawa University, Yokohama, Kanagawa, Japan

Abstract Body:Hypoxia is a characteristic property of locally advance solid tumor, and induce
higher resistant to the chemotherapy and radiation therapy. Approaches to the hypoxic tumor
cell by utilizing drugs which are activated under hypoxic condition have been reported to date.
4-nitrobenzyl group was frequently use for the synthesis of hypoxia activatable pro-drugs to
mask their functionalities. In the field of development of oligonucleotide therapeutic agent,
however, there is no report about 4-nitrobenzyl group for therapeutic pro-oligonucleoitde.

In this study, we report the synthesis and properties of 4-nitrobenzylated oligonucleotide
derivatives as potential pro-oligonucleotides. An oligodeoxyribonucleotide (ODN) containing
0O4-(4-NO2Bn) thymidine derivatives cannot form stable duplex with a target mRNA. In the
hypoxic cells, 4-nitrobenzyl group was converted to 4-aminobenzyl group which is removed by
1-6-elimination process and produced deprotected ODNSs.

Synthetic protocol of benzylated thymidine derivative was followed the method described
previously'"’. The deprotection of 4-nitrobenzyl group on ODNs was achieved by the use of
nitroreductase/NADH to give deprotected ODNs.

Reference
[1] Lenz Krock, Alexander Heckel, Angew. Chem. Int. Ed., 2005, 44, 471-473.
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138 - Photooxidation of cyclometalated palladium complexes to the corresponding sulfinato species

View Session Detail

Tatsuya Kawamolo, kaw@kanagawa-U.ac.jp
Kanagawa University, Hiratsuka, Japan

Abstract Body:It is well-known that the 2-substituted benzothiazolines give sulfur-containing Schiff base complexes through the reactions with metal ions. Actually, the reactions of
2-substituted benzothiazolines with palladium(ll) or platinum(ll) acetate form sulfur-bridged tetranuclear Schiff base complexes composed of four cyclometalated units with C,N,S

donor atoms." Recently, we found that the redox reactions of Schiff base disulfide compounds with tetrakis(triphenylphosphine)palladium(0) complex lead to a variety of
N.S-coordinated complexes in which cyclometalated Schiff base complexes undergo photooxidation reactions to afford the sulfinato complexes. In this presentation, we report on
the photooxidation reactions of cyclometalated palladium(ll) complexes as well as the molecular structures of these palladium(ll) complexes.

1. T. Kawamoto, |. Nagasawa, H. Kuma, Y. Kushi, lnorg. Chem. 1996, 35, 2427-2432.
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519 - Dinuclear acetato-bridged palladium(ll) complexes for photoreductive production of hydrogen

View Session Detail

Takuma Kitamura®, r201370190ut@kanagawa-u.ac.jp, Yusuke Kataoka®, Tatsuya Kawamoto®
' Chemistry, Kanagawa University, Hiralsuka City, Kanagawa Prefecture, Japan;  Chemistry, Shimane University, Matsue City, Shimane, Japan

Abstract Body:In order to realize a low-carbon society, it is necessary to develop highly efficient catalytic system for hydrogen production. Especially, hydrogen production from
water using sunlight has enormous potential in solving the global energy issue. In recent years, the development of metal complex catalysts for hydrogen production could have a
significant impact on the production of hydrogen fuel from renewable sources. The typical photocatalytic system using a metal complex catalyst consists of a photosensitizer (PS)
and a sacrificial reductant (SR) with a transition metal-based water reduction catalyst (WRC).

We report herein a homogeneous system for photocatalytic hydrogen production that uses palladium-based WRCs, [PdzLa(p-COOR)z] (L = 2-phenylbenzothiazole, R = CHz and

CFa), in combination with [Ir(ppy)z(bpy)]” as the PS and triethylamine as the SR. And we will also present results of the effect of solvent on the dipalladium catalysts.
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528 - Hydrogen production from water under visible light using tetranuclear metal (Pd and Ni) complexes

View Session Detail

Yin-Nan Yan, yanyn222@kanagawa-u_ac jp, Talsuya Kawamolo
Science, Kanagawa University, Hadano, Kanagawa, Japan

Abstract Body:To develop highly efficient water reduction catalysts for visible light-driven hydrogen production is one of the most important challenges toward a sustainable society.
Recently, we found that the cyclometalated binuclear palladium(ll) complexes show high activity for hydrogen production as a water reduction catalyst. In order to develop new and
more efficient water reduction catalyst, we have focused our previous investigation on the cyclometalated palladium(ll) complexes and prepared two kinds of tetranuclear palladium
(1) complexes and new nickel(ll) complex having a tetranuclear structure similar to the palladium complexes. When these complexes were used as catalysts in a photocatalytic
water reduction system associated with a cyclometalated iridium complex as photosensitizer in the presence of the sacrificial reagent triethylamine (TEA), it was found that the
cyclometalated tetranuclear palladium(ll) complex with 1-naphthyl groups shows substantially higher hydrogen evolution activity compared with the other complexes, unless these
complexes have a similar geometry. Herein we report on the catalyitic activity for hydrogen production as well as molecular structures of nickel{ll) and palladium{ll) complexes.
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587 - Synthesis and electronic structure of dirhodium(ll,1ll) complex with benzamidinato as bridging ligand

View Session Detail

Saki Mikami', coco22014@outiook.jp, Yusuke Kataoka', Tatsuya Kawamoto®, Takahisa lkeue', Makoto Handa'
T Department of Chemistry, Shimane University, Matsue, Japan; 2 Kanagawa University, Hiratsuka, Japan

Abstract Body:One-dimensional halogen-bridged dinuclear metal complexes, which are called as the MMX chain, have attracted much attention because of their unique electronic
structures and interesting magnetic behaviors. Until now, although various dimetal ions are reported as the building blocks for the MMX chain, there are only few examples regarding
of dirhodium units based MMX chain. In this presentation, we report that dirhodium(ll, 1) complexes, [Rhz{HN(HN=)CPh}+X] (X = CI, Br and I}, were prepared and crystallized.
Obtained crystallline complexes were characterized via elemental analyses, infrared spectra and UV-Vis-NIR spectra, single crystal X-ray structure analyses, and magnetic
susceptibilities. Single crystal X-ray structure analysis revealed that those complexes were one-dimensional zigzag-type chain structures due to intramolecular -1 stacking of
phenyl group in benzamidinato. It was also found that magnetic susceptibilitier of their complexes indicated paramagnetism at 300 K due to the values of effective magnetic moment
(M= = 1.63 - 1.83 pe) and showed ferromagnetic interactions at extreme low temperature.
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745 - Dinuclear nickel complex modeling the functions of nickel superoxide dismutase

View Session Detail

Takashi Shimodaira’, r2014700510z@kanagawa-u.ac.jp, Yusuke Kataoka®, Tatsuya Kawamoto'
' Department of Chemistry, Kanagawa University, Hiratsuka City, Kanagawa Prefecture, Japan; 2 Department of Material Science, Shimane University, Matsue City, Shimane
Prefecture, Japan

Abstract Body:Nickel superoxide dismutase (NiSOD) is a metalloenzyme with nickel center coordinated by thiolate groups and catalyzes the disproportionation of superoxide anion
into dicxygen and hydrogen peroxide through a cycle of the reduced Ni" and oxidized Ni"" states. A few models are known to mimic SCD activity, but synthetic complexes with
NiN2zS; coordination, which are similar to the active site of reduced NiSOD, have not yet shown SOD activity. Therefore, investigations of the mechanism of action have been carried
out using NiSOD mutants. We previously found that a dinuclear nickel{lll) complex having the nickel center in a square planar NzS» environment is formed 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(ll) complex and it exhibits SOD
activity by cycling between the Ni" and Ni'"" oxidation states. In the present study, the solvent effects on the dinuclear nickel(lll) complex were investigated by the combination of
electrochemical measurements with spectroscopic techniques. Here we present the conversion of superoxide anion into hydrogen peroxide based on solvent effects induced
electronic structure change.
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961 - Paddlewheel-type dirhodium tetracarboxylate complexes as catalyst for photochemical hydrogen evolution from
water

View Session Detail

Yusuke Kataoka', kataoka@riko.shimane-u.ac jp, Natsumi Yano®, Tafsuya Kawamoto®, Makofo Handa'
1 Shimane University, Matsue, Shimane, Japan; 2 Kanagawa University, Hiratsuka, Kanagawa, Japan

Abstract Body: The efficient conversion of solar energy into chemical energy via artificial photosynthesis represents a promising approach to harvesting renewable energy. In
particular, the reductive side of the water splitting reaction, i.e., the production of Hz, has been extensively investigated for the last two decade, and recent rapid progress has been
achieved in developing and understanding for efficient photocatalytic reaction systems. In homogeneous systems, multi-component systems involving a photo-sensitizer, a sacrificial
reducing agent, and a hydrogen evolution catalyst have been studied, and improvements of each component of them have drawn much attention.

In this presentation, we report that photochemical evolution of Hz from water by a homogeneous system with a paddlewheeltype dirhodium acetate, [Rh2(02CCHz)a(H20)z], as a
hydrogen evolution catalyst, coupled with [Ir{ppy)z(bpy)]” (ppy = 2-phenylpyridine, bpy = 2,2-bipyriding) and TEA. This presentation makes two important points. One is that the
catalytic performance of the developed photoreaction system based on [Rhz(O-CCHz)s(H20)z] is more efficient than that of the reported rhodium complex based photoreaction
systems. The other is that details of the reaction mechanism are clarified, because electrochemical potentials calculated by density functional theory for possible hydride-rhodium
intermediates agreed well with those observed experimentally.
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1851 - New Hf-oxide based metal-organic frameworks with size selective gas adsorption properties

View Session Detail

Ryohei Fujita’, fuji_ta1256@yahoo.co.jp, Yusuke Kataoka', Tatsuya Kawamoto®, Makoto Handa'
" Department of chemistry, Shimane University, Matsue, Japan; 2 Kanagawa University, Hiratsuka, Japan

Abstract Body:Microporous metal-organic frameworks (MOFs) are a new class of crystalline materials, which are constructed from various metal ions and multidentate organic
ligands. Among developed them, Hi-oxide based MOFs are regarded as one of the promising candidates because of their structural stabilities. In this presentation, we report that

synthesis and characterization of new crystalline Hf-oxide based MOF, [HfaQ4(OH)4(O2CH)a(p-C2CH)4] (1). Single crystal X-ray diffraction analysis revealed that 1 has fwo-
dimensional slit sheet structures with small pore windows. Interestingly, their small pores of 1 selectively absorbed only Hz but not Nz at 77 K. Structural stabilities of 1 in the various

organic solvents were tested and checked via powder X-ray diffraction analyses and infrared (IR) spectra at room temperature.
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1908 - Interconversions of non-innocent-type and Schiff base nickel complexes acting as efficient water reduction
catalysts

View Session Detail

Satoshi Inoue’, s.inoue.chemres@gmail.com, Yusuke Kataoka®, Makofo Handa®, Tatsuya Kawamoto'
1 Department of Chemistry, Kanagawa University, Hiratsuka-shi, Kanagawa, Japan;, 2 Department of Material Science, Shimane University, Matsue-shi, Shimane, Japan

Abstract Body:In order to account for the unique electronic and optical properties, transition metal complexes with the so-called non-innocent ligands have been widely investigated
over the past 5 decade. We also have studied about such non-innocent-type complexes with nickel center derived from Schiff base complexes with N,S-donor atoms. These non-
innocent-type complexes were expected to be reversibly converted to the corresponding Schiff base complexes based on a C-C bond formation/breaking.”

Recently, Eisenberg et al. described that a cobalt-dithiclene complex, which is a representative non-innocent type complex, shows high catalytic activity in the photoreduction of
agueous prt:-tons_2 Furthermore, Bernhard et al. reported that a series of cyclometalated iridium complexes can serve as efficient photosensitizing agenls_3

Herein we report on the facial interconversions of non-innocent-type and Schiff base nickel complexes and the photoinduced hydrogen production using these isomers as catalysts
in a photocatalytic system composed of [Ir(ppy)«(bpy)]” photosensitizer and the sacrificial electron donor (triethanolamine, TEQA).

1. Kawamoto, T.; Suzuki, N.; Ono, T.; Gong, D.; Konno,T. Chem. Commun. 2013, 49, 666-670.

2. McNamara, W. R.; Han, Z.; Alperin, P. J.; Brennessel, W. W.; Holland, P. L.; Eisenberg. R. J. Am. Chem. Soc. 2011, 133, 15368-15371.
3. Tinker, L. L.; McDaniel, N. D.; Curtin, P. N.; Smith, C. K_; Ireland, M. J.; Bernhard, 5. Chem. Eur. J. 2007, 13, 8726-8732.
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(2) Inorganic:

427 - Aerobic alkane oxidation catalysis of iron and cobalt
complexes with scorpionate ligands

View Session Detail

Yuto Hayashi, r201470114gz@jindai.jp, Jun Nakazawa, Shiro Hikichi
Department of Material and Life Chemistry, Kanagawa University, Yokohama, kanagawa,
Japan

Abstract Body:A family of scorpionate ligands such as hydrotris(3,5-dimethylpyrazolyl)borate
(= Tp"*?) and a bidentate imidazolyl-based ligand (= [B(ImN"™"),MePh] ; L™"), the latter of
which has been developed by us, has been utilized as supporting ligands mimicking the active
sites of non-heme metalloenzymes. Recently, we have successfully characterized

mononuclear non-heme iron(lll)- and cobalt(l1)-superoxo complexes [M"(O2)(TpMe2)(LPM)]
which are formed via oxygenation of the corresponding five-coordinated M(Il) precursors.
These findings motivate us to investigate the catalytic aerobic oxidation abilities of the iron

and cobalt complexes with TpM®? and/or L"" ligands. In this study, aerobic alkane oxidation
activities of a series of the scorpionate ligand complexes such as [M"(Tp“2)(L")], [M"(TpM?)
(OAC)], [M"(TpM2),] and [M"(LP"),] have been explored.

The mixed ligand complex of iron(l1), [Fe"(Tp™®?)(L"™)], exhibited the highest activity. The
second active complex was [Fe"(TpM®?)(OAc)], which was the precursor of [Fe"(Tp™®?)(L"M)].
The tetrahedral iron(ll) species [Fe"(L™"),] showed very low activity. These results might
indicate that the vacant site on the metal center would be essential to realize catalytic
oxidation activity. In the case of the cobalt analogues, their activities were lower than those of
the corresponding iron prototype, however, the trend of the activities of the Tp“®? complexes
was inverse. The order of the activities of the cobalt complexes were [Co"(Tp“*%)(OAc)] > [Co"
(TpM®2)(LPM] > [Co"(LPM)2] = 0. The cobalt(Il) center of the acetato complex had a high-spin
electronic configuration and this complex itself was inert toward dioxygen. Therefore, the role
of the cobalt catalysts seems to activate the peroxy radical which is recognized to be an
intermediate formed at the stage of initiation of autoxidation processes.
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(2) Inorganic:

446 - Alkane oxygenation catalysis of nickel complexes with
oxazoline-based bidentate and tridentate ligands

View Session Detail

Izumi Takashi, r201570104af@jindai.jp, Jun Nakazawa, Shiro Hikichi
Material and Life Chemistry, Kanagawa Univ., Yokohama, Japan

Abstract Body:We have been investigating reaction mechanisms of the alkane hydroxylation
by nickel complexes with mCPBA. By using facially-capping TpR Ligands, Ni(ll)-acylperoxo
complexes have been characterized. Moreover, 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. These findings suggest
that the selectivity of products will be controlled by designing the steric environment of the
metal center provided by ligands. In this work, we have explored applicability of
4-phenyloxazoline based bidentate BOX and meridional tridentate PyBOX ligands L1 — L3
(Figure 1) as the supporting ligand of nickel catalysts.

Catalysts were generated in situ by the reaction of the ligands and nickel(ll) salts (= Ni"X
where X = Br, OAc, BF,) in an appropriate solvent. Cyclohexane was employed as a model
substrate and the catalytic activities of the generated nickel complexes were examined. At
ambient temperature, all ligands complexes obtained from Ni(OAc), and NiBr; exhibited
moderate activities, whereas the complexes derived from Ni(BF4)2 were inert. At higher
temperature condition (308 K), activities of the NiBrp-based catalysts were better than those of
the Ni(OAc).—based catalysts. Therefore, the counter anions of nickel(ll) affected the
reactivity. Also, the structures of the ligands affected the catalytic activities. In the NiBr»- and
Ni(OAc),—based catalysts, the order of the ligand-dependent activities were L1 > L2 > L3. In
L1 and L2, substituent groups R1 and R2 which located distal position from the metal center
might become tuning factors of the structure of the catalysts. The presented systems exhibited
somewhat high selectivity toward ketone and lactone. Rather planer coordination structure
derived from the ligands L1 — L3 might result in oxidizing alcohol and ketone through binding
to the active sites.

2 10

L1:R'"=H, R?2=Me
L2: R'=Ph,R%2=H

Figurel. Bis oxazoline ligands
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439 - Characterization of mononuclear non-heme cobalt(lll)
dioxygen complexes with N5 donor sets

View Session Detail

Toshiki Nishiura, r201470110gk@kanagawa-u.ac.jp, Jun Nakazawa, Shiro Hikichi
Material and Life Chemistry, Kanagawa Univ., Yokohama, Kanagawa, Japan

Abstract Body:In some iron enzymes, mononuclear iron-dioxygen complexes such as Fe(lll)
-0y or Fe(lll)-OOH species are formed during catalytic O, activation processes. Recently, we
have characterized a synthetic mononuclear non-heme iron(lll)-O," species. In this research,
analogous cobalt(ll)-O2" complexes with azole-based ligands, bis(1-methylimidazolyl)
methylborates (L* : X = OiPr, Me, "Bu, Ph) and hydrotris(3,5-dimethyl-4-R-pyrazoryl)borates
(TpM®2R: R = H, Br, Me), have been investigated.

All cobalt(Il) complexes exhibited reversible O, binding ability. The formation rates of cobalt
(1I)-O2" complexes depended on the structural and electronic properties of the substituent

groups on the ligands. The substituent X attached on the boron center of L* affected the
extent of the space around the vacant site of the cobalt(ll) center because the alkyl groups got
close to the vacant site, whereas phenyl and alkoxy groups were placed on the opposite side.

Such structural characteristics reflected on the formation rates of the cobalt(ll1)-O," species (=
Ksuperoxo), @and their order was X = "Bu < Me < OiPr < Ph. Also, electronic property of R on
TpVe2R affected the formation rates of the cobalt(l1)-Oz" species. Increasing the electron
donating ability of R accelerated the oxidative addition of O to the cobalt center.

These cobalt(lll)-O," complexes reacted with a H-atom donating 2-hydroxy-2-azaadamantane

(AZADOL®) to yield the corresponding cobalt(ll)-OOH species. The formation rates of the
hydroperoxo complexes (= koon) also depended on X and R. In terms of X, the order of koon

was consist with Ksuperoxo. I contrast, koow of the electron withdrawing Tp"®%®" complex was
higher than the other ligand complexes. These substituent effects can be explained that the
accessibility of AZADOL® to the superoxide is governed by the structural properties derived
from X of LX, whereas substrate oxidizing ability of the cobalt(Il1)-O2” complex is controlled by
the electronic property of R.
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438 - Characterization of mononuclear nonheme iron(lll)
superoxo and hydroperoxo complexes with N5 donor set

View Session Detail

Jun Nakazawa, jnaka@kanagawa-u.ac.jp, Frédéric Oddon, Shiro Hikichi
Department of Material and Life Chemistry, Kanagawa Univ., Yokohama, Kanagawa, Japan

Abstract Body:Characterization and reactivity study on Oz-coordinating iron complexes have
been providing useful knowledge to understand O, activation processes in iron enzymes as
well as in oxidation catalyses. To date, there are only two examples of characterized
“nonheme mononuclear iron(ll)-superoxo” species ([Fe(BDPP)(02)] and [Fe(TAML)(02)]®)
and also few reports of iron(ll1)-hydroperoxo speciest® in contrast to non-heme dinuclear and
heme iron systems. In this presentation, we report O, activation process on a nonheme iron(ll)
complex with a five azoles ligands set (see figure).!!

The mononuclear high-spin iron(Il) complex (1) reversibly binds O to give a low-spin iron(lll)
superoxo species (2) under low temperature in THF. 2 was characterized by *H NMR
(diamagnetic), UV-vis (Amax 350 nm), EPR (silent at 77 K), and resonance Raman (vo.0 1168
and Vre.0 592 cm™) measurements. 2 is the first example of characterized “low-spin” nonheme
iron(lll)-superoxo species.

In contrast to the other characterized superoxide species (high-spin [Fe(BDPP)(0O,)] and
intermediate-spin [Fe(TAML)(O2)]), the low-spin complex 2 was inert for hydrogen atom
abstraction from hydrocarbon substrates as well as for electrophilic substrates including
aldehydes and acyl halides. However, addition of a hydrogen atom donor (AZADOL) to 2
under low temperature yielded a low-spin iron(lll)-hydroperoxo species (3) {UV-vis (542 nm),
EPR (g = 2.20, 2.16, 1.97 at 77 K) and resonance Raman (Vo.o 778 and Vee.o 598 cm™)}. Our
system demonstrated stepwise conversion from the iron(Il) complex to the iron(lll)
hydroperoxo species as proposed for Fe-bleomycin and heme systems.

[1] L. Que, Jr., et al. J. Am. Chem. Soc. 2014, 136, 10846. [2] W. Nam et al. Nat. Commun.
2014, 5, 5440, DOI: 10.1038/ncomms6440. [3] W. Nam et al. J. Am. Chem. Soc. 2014, 136,
13942. [4] F. Oddon, Y. Chiba, J. Nakazawa, T. Ohta, T. Ogura, S. Hikichi Angew. Chem. Int.
Ed. 2015, 54, accepted, DOI: 10.1002/anie.201502367.
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428 - Construction of non-heme iron oxygenases-mimicking
active sites on mesoporous silica supports

View Session Detail

Shiro Hikichi, hikichi@kanagawa-u.ac.jp, Jun Nakazawa
Kanagawa University, Yokohama, Japan

Abstract Body:The active sites of non-heme iron oxygenases are mixed ligands-supporting
iron complexes composed of imidazolyl and carboxylate groups. To date, various synthetic
non-heme iron complexes have been investigated as functional models or/and biomimetic
catalysts. These complexes are utilized to homogeneous liquid phase oxidation reactions. In
order to avoid the degradation of these complexes through inter-molecular oxidative process,
immobilization of the complex on solid supports with appropriate conditions is one of
considerable approaches. We have been developing imidazolyl-based organoborate ligands
[B(IM"™Me),(X)Me]™ (= L*). The B-Cimidazoi linkage in L™ is stable toward hydrolytic
decomposition due to the higher covalency of the B—C bonds, and that makes possible to
attach various functional groups X on the boron center. In this study, L* is anchored on
carboxylic acid-functionalized silica gels through the boron-carboxylate linkage.

The initial loading amounts of the organocarboxylic acid modifier on silicate supports affect the
oxidation catalyses due to changing the structures of the surface metallocomplex active sites.
In the low carboxylate loaded catalysts, the ratio of the initial introduced COOH to the
immobilized L to the loaded iron was almost 1 : 1 : 1. On the higher COOH-loaded catalyst,
the iron centers might be supported by not only the immobilized L but also the unmodified
carboxylates. The immobilized bis(imidazolyl)borate scaffold provides the efficient active sites
which might be similar to those of the mono- and dinuclear non-heme iron enzymes. The
oxidants formed on the catalysts through the activation of H,O, exhibit the radical character to
induce allylic oxidation of cyclohexene as well as oxygenation of cycloalkanes.

Figure 1. Active sites formed on the SBA supprts.
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441 - Development of homogeneous and heterogeneous
nickel complex catalysts based on triazolyl-BOX ligands and
their catalytic activities toward alkane oxidation with mCPBA

View Session Detail

Kengo Sakamaki, r201570108fv@jindai.jp, Jun Nakazawa, Shiro Hikichi
Material and Life Chemistry, Kanagawa University, Yokohama, Kanagawa, Japan

Abstract Body:Triazolyl groups resulting from click reactions of organic azides and alkynes
have been employed as not only nitrogen donors but also linker units of hybrid materials
including immobilized metallocomplex catalysts. We have developed a variety of
homogeneous chelate ligands as well as immobilized metallocomplex catalysts by using the
click reaction. In this work, a novel triazolyl group-connected bisoxazoline ligand L was
synthesized. This ligand L was designed as a homogeneous analogue of a mesoporous silica-
immobilized one, namely SBA-L (Figure 1). These homogeneous and heterogeneous ligands
were applied to nickel complex catalysts for selective oxidation of alkanes with mCPBA.

The homogeneous ligand L was synthesized by reaction of propargyl-BOX and tert-butyl azide
in the presence of a copper catalyst at ambient temperature. The heterogeneous ligand
SBA-L was synthesized by reaction of propargyl-BOX and azide-functionalized SBA-15 type
silica in the presence of [Cu(TPA)]" catalyst at ambient temperature.

The catalytic activities of [Ni(L)]**, which was obtained by reaction of the homogeneous ligand
L with Ni(OAc),, were examined by oxidation of cyclohexane with mCPBA. At room
temperature, TON and alcohol selectivity of [Ni(L)]** were lower than those of the previously
reported [Ni(TPA)]**. However, the catalytic performance of [Ni(L)]*" was improved under
higher temperature condition (308 K). These behaviors of [Ni(L)]** would be attributed to the
coordination environment of the nickel center. Bulkiness of 4-phenyloxazolinyl groups in L
seems to decrease the formation late of a putative nickel-acylperoxo intermediate as well as
hinder the substrate approaching to the active site. Improvement of the alcohol selectivity at
higher temperature can be explained that successive oxidation of the produced alcohol is
suppressed by facile dissociation from the coordination sphere.

n=N,
N%
—
N
,; 4 o o
Py L (1]
3 Cu cat. NN /\r‘F'n
i a
N/w P Ph =N
\ o
=N
o — "Click “-N*" o\)-,_.Ph
N
SBA-N s
W
Ph 3 [ O 070 oOH

propargyl-BOX

Figure 1. Ligand synthesis route
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444 - Development of multi-functionalized poly(oxazolinyl)
borate ligands and characterization of their nickel(ll)
complexes

View Session Detail

Kosuke Takamura, pochisukesan@gmail.com, Shiro Hikichi, Jun Nakazawa
Material and Life Chemistry, Kanagawa University, Yokohama, Kanagawa, Japan

Abstract Body:Hydrotris(pyrazolyl)borates (= Tp®) and related multidentate “scorpionate”
ligands have been extensively utilized to various coordination compounds including
biomimetic catalysts. An attractive character of Tp® is feasibility of molecular designing by
incorporation of appropriate substituent groups on the pyrazolyl rings. In addition, replacement
of a boron-attached hydride to a suitable functional group might yield the corresponding boron
center-functionalized Tp® which can be applicable to various conjugate materials with
retention of facially capping tridentate metal-supporting scaffolds. Recently, interests in the
chemistry of other “scopionate” ligands composed of boron-carbon linkages are much growing
due to their robustness toward hydrolytic degradation. As reported herein, poly(oxazolynyl)
borates would be resourceful scaffolds to architect multi-functionalized ligands.

In order to construct asymmetrical multidentate ligands and introduce linker for immobilization
on appropriate supports, we have developed novel poly(oxazolinyl)borate ligands bearing
various functional groups on the boron centers. Reaction of allyltrifluoroborate with lithio
oxazoline yielded bis(oxazolinyl)borate having allyl and fluoro groups on the boron center.
When trichloroborane was treated with lithio oxazoline, three oxazolinyl groups were
introduced on the boron center and solvent or oxazoline was additionally coordinated on the
boron center. Additional organolithium reagents reacted with the coordinating groups to give
the corresponding functional groups-involving tridentate and tetradentate ligands. The
synthesized ligands showed coordination ability to nickel(ll) ion.
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(9) Chemistry of Clean Energy Conversion,
Storage, and Production:

931 - Effect of Sn addition on the conversion reaction of
ethanol to the C4 compounds over Ru/Al,O3 catalyst

View Session Detail

Shuhei Ishikawa, r201470097su@jindai.jp, Akihiro Yoshida, Jun Nakazawa, Shiro Hikichi,
Shuichi Naito
Material Life Chemistly, Kanagawa Univeresity, Yokohama, Kanagawa, Japan

Abstract Body:Utilization of biomass derived compounds for production of petrochemicals has
been paid much attention due to shortage of fossil fuel resources and its unstable prices.
Ethanol has been produced from biomass in an industrial scale and therefore considered as
an attractive low material for petrochemical synthesis. In this work, the conversion reaction of
ethanol to a valuable C4 compound of ethyl acetate concomitant with the production of
hydrogen in liquid phase using Ru/Al,O3 and Ru-M/Al,O3 (M= Re, Mo and Sn) catalysts was
investigated.

In the reaction of ethanol with 5wt% Ru/Al,O3 catalyst at 473 K, C4 compounds of ethyl
acetate (AcOEt) and 1-butanol (1-BuOH) as well as acetaldehyde (AcH) were obtained as
liquid phase products, and formation of methane and trace amount of hydrogen in the
gaseous phase was observed. The predominant pathways in this reaction were “path A” and
“path D” shown in Scheme 1. On the other hand, the 5wt% Ru-Sn/Al,O3 catalyst, exhibited
superior catalytic activity to Ru/Al,Os. Moreover, this Sn-added catalyst yielded AcOEt and H;
selectively under the same reaction conditions. Promotion of the coupling reaction of
acetaldehyde with ethanol, which is denoted as “path B”, by Sn additive might be one of the
reasons for the high selectivity toward AcOEt on the Ru-Sn/Al,O3 catalyst. XPS analyses of
the catalysts revealed that Ru® species were formed dominantly on the surface of the Sn-
added catalysts, while Ru®* species existed on the catalyst without Sn additive. The
modification of electronic state of the Ru active species by the addition of Sn might be
responsible for the improvement of the catalytic activity and remarkable suppression of
methanation.

CoHsOH (EtOH) 4 pion /(]3\'" -H, j\
path A * H; path B o ’ o~
CH4CHO (AcH) —| 4 acnt (AcOE)
pathD -H,0
=2 CHO —»
CHd!CO T S +2H, © "oH

(1-BuOQH)

Scheme 1. Reaction pathways for ethanol conversion over Ru and Ru-Sn catalysts,
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932 - Hydrogen production by aqueous phase reforming
reaction of acetic acid over supported ruthenium catalysts

View Session Detail

Toshiaki Nozawa, pd192076ue@kanagawa-u.ac.jp, Akihiro Yoshida, Jun Nakazawa, Shiro
Hikichi, Shuichi Naito
Material and Life Chemistry, Kanagawa University, Yokohama, Japan

Abstract Body:Among the liquid feedstocks proposed for producing hydrogen, oxygenated
compounds (alcohols, acids) possess high hydrogen contents and the possibility to be
supplied from renewable bio-origins. However, there are few studies that dealt with aqueous
phase reforming of oxygenates compared to steam reforming, although the former has several
advantages such as the reduction of process costs by lowering operation temperatures and
the generation of H, and CO» with low levels of CO.

In the present study, we have investigated hydrogen production by agueous phase reforming
of acetic acid over various Ru catalysts supported on TiO,, Al,O3, SiO2-Al,O3 and NaY-
zeolite. On higher metal loading Ru/TiO, Ru/Al,O3 and Ru/SiO»-Al,O3 catalysts, considerable
amount of CH4 was formed in addition to H, and CO,. Lowering the loading amount of Ru on
TiO> led to the decrease of the Ru particle sizes with higher dispersion. Complete reforming
reaction of acetic acid was realized over these lower Ru particle size catalysts as was
indicated by the constant formation of the 2:1 ratio of H, and CO,. Characterization by surface

analysis techniques such as IR and XPS revealed that cationic ruthenium (= Ru®") species
would be the active site for the complete reforming of acetic acid. Such cationic ruthenium
species could be generated and stabilized efficiently on NaY-zeolite through partial reduction
of the immobilized ruthenium (IIl) species via ion-exchange method, which showed the
excellent selectivity and durability for complete reforming of acetic acid.
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853 - Preparation and catalytic oxidation properties of Au
nanoparticles catalysts immobilized on thiol functionalized
mesoporous materials

View Session Detail

Tomoki Hakeda, r201470111mp@jindai.jp, Jun Nakazawa, Shiro Hikichi
Material and Life Chemistry, Kanagawa University, Yokohama, Kanagawa, Japan

Abstract Body: Supported Au catalysts show high activity and/or selectivity in a variety of
oxidation reaction, such as alkane, alkene, and alcohol oxidation. Activity of Au catalysts is
significantly enhanced by several factors, e.g. size effect, metal-support interaction, and effect
of additive element. These factors controlling catalytic activity are still not well understood.

We have prepared Au nanoparticle catalysts supported by thiol-functionalized mesoporous
materials in order to investigate the correlation between catalytic activities and loading
amounts of thiol modifier. The organothiol-functionalized mesoporous silica SBA-15 and SBA-
15 type titanosilicates was synthesized via a one-pot condensation of appropriate precursors
in the presence of template micelles. Supported Au nanoparticles were prepared by chemical
reduction of Au(l) precursors which were anchored to the thiol modifiers onto the supports.
Transmission electron microscopy showed that Au particle size was reduced with the increase
of the thiol loading amounts. The Au nanoparticles on the highest thiol loading support were
too small to be observed. It suggests that Au nanoparticles are deposited only less than 2.0
nm in diameter on the supports. On the oxidation of 2-phenylethanol with dioxygen, the
activity of the catalysts with higher thiol loading supports was very low. On the other hand, the
catalysts derived from the lower thiol loading supports exhibited high catalytic activity. These
findings indicate that the appropriate amounts of thiol loading support provides the active Au
nanoparticles with moderate size, whereas the Au sites on the higher thiol loading support are
covered by substantial thiol molecules despite stabilization of very small Au nanopatrticles.
Since larger Au nanopatrticles (c.a. 2-3 nm) on lower thiol loading support is accessible to
substrate, catalytic activity is exceeded.
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440 - Reactivity of nickel-acylperoxo complexes

View Session Detalil

Frédéric Oddon, oddonfred@aol.com, Jun Nakazawa, Shiro Hikichi
Department of Material and Life Chemistry, Kanagawa University, Yokohama, Japan

Abstract Body:Structure and reactivity studies of metal-oxygen species provide important
knowledge to clarify mechanisms of metal-containing oxidation enzymes as well as

development of high-performant catalysts. We have found that a nickel(ll) complex, [{(Tp
Ni}2(u-OH)2] (1M#?), catalyzed alkane oxidation with mCPBA via an acylperoxo complex (2V¢).
['1n addition, we have isolated the acylperoxo species [(TpS™>M)Ni(mCPBA)] (27*M€) owing
to steric protection by a CF3 group at R® on the Tp ligand.!?! Herein, we propose to discuss
about the electronic effect on the reactivity of 2% upon introduction of Me or Br groups at R*
position on the Tp ligand.

Upon addition of mCPBA (1 equiv. per Niion) in CH,Cl, at -40 °C, 1R (R = Mes, Me, or Me3Br;
Amax ~ 395 nm) converted to the corresponding acylperoxo species 2% {UV-vis: Amax~ 385 nm
and IR: 1645 cm 1.2 Then, 2R decomposed above -20 °C to give a mixture of [(TpX)Ni
(mCBA)] (3F) and [(TpR)NICI] (4%). The order of rates (2V¢3: 1.2 x 107 > 2M*%: 8.8 x 107 >
2Me2Br- 1 6 x 10™ s™%) confirms that reduction of donation strength from the Tp ligands
stabilizes 2. In addition to the formation of 4%, the observation of moderate kinetic isotope
effect in the decomposition of 2R in CD,Cl, (kn/kp = 2.5 (1M¢?), 3.2 (1Me2B" at -20 °C) suggests
that the rate-determining step includes the concerted O-O bond cleavage and H-atom
abstraction from the solvent. In the catalytic cyclohexane oxidation, introduction of the
electron-withdrawing Br group resulted in rate decrease but with enhancement of the yield and

selectivity in favor of cyclohexanol. These changes upon modification of the Tp co-ligand
clearly indicate that the true active species is a metal-based oxidant.

MeZ)

[1] S. Hikichi, K. Hanaue, T. Fujimura, H. Okuda, J. Nakazawa, Y. Ohzu, C. Kobayashi, M.
Akita, Dalton Trans. 2013, 42, 3346.
[2] J. Nakazawa, S. Terada, M. Yamada, S. Hikichi, J. Am. Chem. Soc. 2013, 135, 6010
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(11) Connecting Chemistry to Society:

321 - Efficient decomposition of perfluorinated ionic liquid anions to
fluoride ions in subcritical and supercritical water

View Session Detail

Hisao Hori, h-hori@kanagawa-u.ac.jp, Akihiro Takahashi
Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka, Japan

Abstract Body: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, [(CF3SO2)
2N]™ and [(C4F¢S0O2)2N], 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].

References

[1]1 H. Ohno, Ed., Electrochemical Aspects of lonic Liquids, Wiley, 2011; [2] J. Neumann, C. W. Cho, S.
Steudte, J. Késer, M. Uerdingen, J. Théming, S. Stolte, Green Chem., 2012, 14, 410-418; [3] H. Hori, Y.
Noda, A. Takahashi, T. Sakamoto, Ind. Eng. Chem. Res., 2013, 52, 13622-13628.

Fig. Temperature dependence of [(CF3S0O;)2N] decomposition in the presence of zerovalent iron
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PRESENTATION TYPE: Contributed Paper : Oral

CURRENT SUBJECT AREA: Agrochemistry, Environmental, and Geochemistry (6)
CURRENT SYMPOSIA: Nanointerfaces and their Role in Environmental Systems and
Processes (# 86)

Abstract

TITLE: Site-selective Pt-Pb nanoparticels deposition on TiO2 nanorod photocatalyst for acetic

acid oxidative decomposition under UV-Vis irradiation

Bimetallic alloy loaded TiO, photocatalysts have attracted considerable attention
in recent years as a class of highly active photocatalysts under both UV and Vis
light irradiation. Alloying of platinum with other metal has been reported to
improve the catalytic activity for hydrogen evolution, degradation of organic
compounds, and CO, reduction. Alloy nanoparticles (NPs) are prepared usually
by simultaneous or co-reduction of metal ions. However, the conventional
preparation method leads to random deposition of alloy NPs irrespective of
reactive sites, reduction and oxidation site, on TiO, photocatalyst. Herein, we
present that site-selective Pt-Pb alloy NPs deposition on rutile TiO, nanorod. The
TiO, nanorod surfaces exposed different crystal faces provide reduction and
oxidation site. The site-selective deposition of Pt-Pb Nps on TiO, was prepared
by 2-step reduction of metal ions on TiO,. In the first step, Pt was deposited on
reduction site of TiO, nanorods by photodepotion. In the second step, Pb ion
was reduced on the surface of photodeposited Pt NPs and alloying with Pt by
microwave assisted polyol method. TEM observation shows Pt-Pb NPs prepared
by 2-step method were selectively deposited on reduction site, {110} exposed
side surfaces of TiO, nanorod (as shown in Fig. 1). Pt-Pb NPs loaded TiO,
nanorod prepared by 2-step method enhance significantly photocatalytic activity
for decomposition of AcOH, much higher than Pt-Pb NPs loaded TiO, nanorod
prepared by conventional co-reduction method (1-step) and Pt loaded TiO,
nanorod, as shown in Fig. 2. The enhanced photocatalytic activity of Pt-Pb NPs
prepared by 2-step method is attributed to the acceleration of reduction process
for decomposition of AcOH, oxygen reduction reaction, on reduction site of TiO,
nanorod. Site-selective deposition of alloy NPs influence on the photocatalytic
activity for TiO,. Control of deposition site of ally NPs on the surface of TiO; is
promising strategy for improvement of photocatalytic activity for TiO».
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Time course of CO2 evolution over Pt-Pb nanoparticles loaded TiO2 nanorod phohotocatalysts
suspended in aqueous acetic acid solution under 300W Xe full-arc (inset shows TEM image of

Pt-Pb nanoparticels prepared by 2-step mehod deposited on TiO2 nanorod).
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CURRENT SYMPOSIA: Artificial Photosynthesis: Photo-induced Water Splitting (# 193)
Abstract

TITLE: Photocatalytic hydrogen evolution from aqueous methanol solution using mixed-valence

Sn304 under visible light irradiation

Catalytic water splitting in visible light by visible-light-sensitive photocatalysts is of confocal interest
because this will realize efficient conversion of the solar energy to hydrogen fuels for sustainable energy
managements. Many water-splitting photocatalysts, such as metal-doped oxides and oxynitrides, can
decompose water and produce hydrogen fuel when absorbing visible light. However, such ransition-metal
oxides and oxynitrides may be not practical catalysts for large-scale solarenergy conversion, because they
contain environmentally toxic heavy metals or expensive transition metals (Rh, Nb, Ta, or La), which are
much less produced than abundant metals such as iron. Herein, we report that an oxide of abundantly
available and environmentally non-toxic tin, SnzOa4, can efficiently catalyze Hydrogen (Hz)-evolution in a
methanol solution under irradiation of visible light We prepared nanocrystals of SnsO4 by hydrothermal
synthesis using sodium citrate as a ligand. The SnzO4 material was orange in color and more efficiently
absorbed visible light than the control SnO2. Hydrogen (Hz2)-evolution tests in aqueous solution under
irradiation of visible light (A > 420 nm) have demonstrated that Sn3O4can promote H, evolution at a
significant efficiency without co-catalyst (Pt), whereas neither SnO nor SnOz2 is active toward the reaction
(as shown in Figl). Theoretical calculations have elucidated that the enhanced photocatalytic activity of
Sns0ais attributed to the desirable band structure for photocatalytic Hz evolution from water solution, the
conduction-band minimum of SnsOa4 is higher than the reduction potential for water, and the band gap
matches the photon energy of visible light. SnsO4 has great potential as a practical solar-energy
conversion catalyst, in terms of low impacts to the environment, abundance of mineral resource, and

catalytic performance for the Hz generation from water solution.

AUTHORS (LAST NAME, FIRST NAME): Tanabe, Toyokazu 1; Hashimoto, Masanari 1;
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3. National Institute for Materials Science, Tsukuba, Japan.

Photocatalytic hydrogen evolution from the aqueous CH3OH solution over (a) Pt/SnO, (b)
Pt/Sn0O2, (¢) Sn304 and (d)Pt/Sn304 (0.5 wt % Pt loading) under the irradiation of visible light
(200 mg catalyst, A > 420 nm).
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P-27  Reactivity of Nickel-acylperoxo Complexes
Jun Nakazawa,* Frédéroc Oddon,? and Shiro Hikichi?
®Department of Material and Life Chemistry, Faculty of Engineering, Kanagawa University,
Japan

Study on structure and reactivity of metal-active oxygen species is important to clarify reaction
mechanisms of metal-containing oxidation enzymes as well as development of high-performance catalysts.
As Ni-TPA complex reported by Itoh and co-workers™, we had found that a nickel(ll) complex,
[(TpV*2Ni),(u-OH),] (1M*3){Tp™** = hydrotris(3,5-dimethylpyrazolyl)borate}, catalyzed alkane oxidation
with mCPBA via an acylperoxo complex (2%).12%1  |n this work, we revealed the electronic effect for the
reactivity of 2% upon introduction of Me or Br groups at the pyrazole 4th position on TpM®.  The order of
the decomposition rates of 2% at —20°C in CH,Cl, (2> 2M#2>2M2B") confirms that reduction of donation
from the Tp ligands stabilizes 2. Kinetic isotope effect in CD,Cl, (kH/KD = 2.5 (1M%), 3.2 (1M*®") at
-20°C) suggests that the rate determination step includes concerted reaction of the O-O bond cleavage and
H-atom abstraction from the solvent. In the catalytic cyclohexane oxidation, introduction of
electron-withdrawing Br group resulted in rate deceleration, yield improvement, and selectivity
enhancement of cyclohexanol indicating that the real active species possesses metal-based oxidant
character.

[1] S. Itoh et al, Chem. Lett. 2006, 4016. [2] S. Hikichi et al, Dalton Trans. 2013, 42, 3346. [3] J. Nakazawa
et al, J. Am. Chem. Soc. 2013, 135, 6010.

P-28  Hydroxide-Promoted Dioxygen Activation by a Manganese(l11) Salen Complex
Takuya Kurahashi
Institute for Molecular Science, National Institutes of Natural Sciences, Myodaiji, Okazaki, Aichi
444-8787, Japan

The present study investigated a possibility to utilize aqueous alkaline solution as an inexpensive electron
source for O, activation. Then, a manganese(I11) salen complex, Mn"'(salen)(Cl), in toluene reacts with
aqueous KOH solution under aerobic conditions, which yields a di-u-oxo dimanganese(1V) salen complex,
[Mn"(salen)]»(u-0),. According to the *20 isotope experiments, a half of the di-u-oxo bridge comes
from 0, and the other half comes from *0OH" in aqueous alkaline solution. The addition of benzyl
alcohol as a stoichiometric reductant completely inhibits the ‘0 incorporation from ®OH™.  These results
indicate that O, is activated using 2 equiv of OH™ as an electron source. Mechanistic investigations have
shown that the reaction of Mn""(salen)(Cl) with OH™ generates a transient species with strong reducing
ability, which effects the two-electron reduction of O, by means of a manganese(ll) intermediate.

28
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P-33  Characterization of a Diamagnetic Iron(l111)-Superoxo Complex Supported by a
Five Azolyl Donor Set
Frédéric Oddon,? Yosuke Chiba, Jun Nakazawa,? and Shiro Hikichi?
®Department of Material and Life Chemistry, Faculty of Engineering, Kanagawa University,
Japan

Over the past decades, the iron-dioxygen intermediates involved in the catalytic cycle of iron oxygenases
have gained much interest since they have been proposed to be competent oxidants. The reaction of
[Fe"(L"")(TpM*?)] a1, Tp™e? = hydrotris((3,5-dimethylpyrazolyl)borate) and
LP" = methylphenyl-bis(imidazolyl)borate) with O, at -60 °C, generated an iron(Ill)-superoxo adduct 2
whose diamagnetic character was revealed by EPR and NMR spectroscopies.[” It was shown that 2 reacts
only with substrates having a weak X-H bond (X = O or N, BDE of X-H < 72.6 kcal mol™) to give the
corresponding low-spin iron(l11)-hydroperoxo species (3) in which the end-on coordination mode of the
hydroperoxo ligand was revealed by resonance Raman. On the other hand, 1 reacted with CO yielding a
stable low-spin iron(lIl)-carbonyl complex. Such reactivity is reminiscent of heme systems in hemoglobin
and myoglobin.

[1] Oddon, F; Chiba, Y ; Nakazawa, J ; Ohta, T ; Ogura, T ; Hikichi, S. Angew. Chem., Int. Ed. 2015, 54.

P-34  Development of Selective Syntheses for Hetero Pentanuclear Metal Clusters and
Their Electrochemical Properties
Hitoshi 1zu,*® Masaya Okamura,*® Reiko Kuga,® Praneeth Vijayendran,* Nagisa
Katsuta,® Satoshi Kawata,® Mio Kondo,**? and Shigeyuki Masaoka,*"
# Department of Life and Coordination-Complex Molecular Science, Institute for Molecular
Science, Japan b Department of Structural Molecular Science, The Graduate University for
Advanced Studies, Japan °© Department of Chemistry, Faculty of Science, Fukuoka University,
Japan ® ACT-C, Japan Science and Technology Agency (JST), Japan

Hetero metal compounds exhibit unique electronic state that is totally different from that of homogeneous
metal compounds. Such properties of hetero metal compounds enable us to control catalytic activity
on-demand. We have reported that a penta-iron cluster composed by Fe ions and 3,5-bis(2-pyridyl)pyrazole
(Hbpp) has high catalytic activity for oxygen evolution. In this work, we focused on the syntheses of
hetero-pentanuclear clusters to develop new catalysts for transformation of small molecules. Selective
syntheses and electrochemical properties of pentanuclear cluster will be reported.
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Efficient-Oxygen Induced Decomposition of Melt-Processable Fluoropolymers in Subcritical
and Supercritical Water

Hori, Hisao**; Sakamoto, Takehiko’; Ohmura, Kenta®; Yoshikawa, Haruka'; Seita, Tomohisa®; Fujita, Tomoyuki;
Morizawa, Yoshitomi®
! Department of Chemistry, Faculty of Science, Kanagawa University, 2946 Tsuchiya, Hiratsuka 259-1293, Japan,
’Research Center, Asahi Glass Co., 1150 Hazawa-cho, Kanagawa-ku, Yokohama 221-8755, Japan
*h-hori@kanagawa-u.ac.jp

Decomposition of poly(vinylidene fluoride) (PVDF) and ethylene—tetrafluoroethylene copolymer (ETFE) in
subcritical and supercritical water was investigated. Heating PVDF in supercritical water at 380 °C for 6 h with an
approximately 5.8-fold molar excess of O, relative to the fluorine or carbon content in the polymer afforded F
and CO; in 96.9% and 99.3% vyields, respectively. ETFE was also efficiently decomposed to F (97.6%) and CO,
(98.2%) with an 11-fold molar excess of O, relative to the fluorine or carbon content of the polymer under the
same reaction conditions. The PVDF and ETFE reactivities differed markedly under argon, suggesting that PVDF
decomposed via dehydrofluorination in the absence of O,, whereas ETFE did not. Adding stoichiometric Ca(OH),
to the reaction in the presence of O, afforded X-ray spectrometrically pure CaF,. The methodology developed
here will contribute to increasing sustainability of fluorochemicals in industry.

Owing to their high chemical and thermal stability,
fluoropolymers are used in industrial equipment to
impact  corrosion  resistance.  Among  them,
poly(tetrafluoroethylene) (PTFE) is the most
frequently used. However, PTFE cannot be processed
by melt molding, a conventional technique for
fabricating thermoplastic polymers, because the
viscosity of the PTFE melt is about 6 orders of
magnitude higher than that of common thermoplastic
polymers. ~ To  overcome  this  weakness,
melt-processable fluoropolymers, such as
poly(vinylidene fluoride) (PVDF, —(CF,CH,),—) and
ethylene—tetrafluoroethylene  copolymer  (ETFE,
—(CH,CHy)m(CF,CF,)-), have been developed and
introduced in industry. Melt-processable
fluoropolymers show high resistance to temperature,
chemicals, ignition, mechanical stresses, UV
irradiation and weather, and have been used for
various applications, including piping, tubing, valves,
sinks, cables, films, and lithium ion battery electrode
binders.

Wider use of melt-processable polymers will
require the establishment of waste treatment. Some of
these polymers are recycled, and they can also be
incinerated. However, incineration requires high
temperatures to break the strong C—F bonds, and the
hydrogen fluoride gas that forms can damage the
firebrick of an incinerator. Thus, in many cases, the
wastes of these polymers are disposed of in landfills.
If the polymers 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 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.

Reactions in subcritical or supercritical water are
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.

Herein, we report on the decomposition of PVDF
and ETFE in subcritical and supercritical water, and
we present an effective method for complete
decomposition of the fluorine and carbon in these
polymers to F~ and CO,, respectively.? Furthermore,
we report that CaF, forms upon addition of a
stoichiometric amount of Ca(OH), to the reaction
system.
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Figure 1. Temperature dependence of PVDF decomposition
in the presence of O,: detected amounts of F~ and CO,
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Owing to their high chemical and thermal stability, fluoropolymers are used in industrial
equipment to impact corrosion resistance. Among them, poly(tetrafluoroethylene) (PTFE) is
the most frequently used. However, PTFE cannot be processed by melt molding, a
conventional technique for fabricating thermoplastic polymers, because the viscosity of the
PTFE melt is about 6 orders of magnitude higher than that of common thermoplastic
polymers. To overcome this weakness, melt-processable fluoropolymers, such as
poly(vinylidene fluoride) (PVDF, —(CF,CH;),—) and ethylene—tetrafluoroethylene copolymer
(ETFE, —=(CH,CH>)m(CF,CF;,),—), have been developed and introduced in industry [1].

Wider use of melt-processable polymers will require the establishment of waste treatment.
Some of these polymers are recycled, and they can also be incinerated. However, incineration
requires high temperatures to break the strong C—F bonds, and the hydrogen fluoride gas that
forms can damage the firebrick of an incinerator. Thus, in many cases, the wastes of these
polymers are disposed of in landfills. If the polymers 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 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.

Reactions in subcritical or supercritical water are 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.

Herein, we report on the decomposition of PVDF and ETFE in subcritical and supercritical
water, and we present an effective method for complete decomposition of the fluorine and
carbon in these polymers to F~ and CO,, respectively [2]. Furthermore, we report that CaF,
forms upon addition of a stoichiometric amount of Ca(OH) to the reaction system.
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Lithium-rich layered cathode material is now considered as a promising cathode material candidate due
to its high energy density. This type of cathode material, however, has severe drawbacks of a rapid
capacity fading arising from charge/discharge cycle repetitions and a low electron conductivity leading to
capacity decrease at high current density. To overcome such problems, additional modifications (e.g.,
those where cathode materials are coated with other stable one to protect from undesired side-reaction) [1,
2] and additional treatments (e.g., those where they are adopted to maximally promote the potential
properties of the material) have been majorly proposed [3, 4], but there is still a room for innovation to
arrange structural and morphological feature of the material itself. Our group have recently reported the
good cycle stability and the high rate capability of a Li;,Nig15MngseC0030, cathode material modified
with LiCoPO, nanoparticles [5]. We herein present a unique strategy to obtain size-regulated precursor
fine particles, whose morphology was also controlled to have a microscopic homogeneity based on a
reverse microemulsion technique (Fig. 1A). The cathode material with the same composition of
Li; oNig18Mng56C00030, was synthesized from such precursor particles in order to look at the impact of
such a precursor synthesis on the eventual cell performances of the material (Fig. 1B). The resulting
material demonstrated a good cycle stability (50th cycle discharge capacity: 281 mAh/g at 20 mA/qg)
without any additional modifications or treatments and a high capacity retention (52%) even at 640 mA/g
(Fig. 2A). According to the impedance spectra of an electrode made from the cathode material, the overall
features of the small semicircle observed in the high frequency after charging (Fig. 2B, inset) are almost
identical regardless of the cycle number. This is a good indicator demonstrating that for the particles of
the cathode material, a coherent smart solid-electrolyte-interface (SEI) layer may be formed on the
surface of the particles whereby they are protected from any undesirable side-reactions during the
following cycles after the 1st cycling. In addition, this experimental fact strongly supports the result
shown in Fig. 2A exhibiting that the cathode material has the potential ability to yield a long-term smooth
Li* diffusion even under high-rate conditions.

Fig. 1 TEM images of the particles for (A) as-obtained precursor and (B) ~ Fig. 2 Electrochemical measurements of Li, ;Niy;sMng 6C0,030,. (A)

cathode material. The insets show magnified images of each specimen. Cyclic performance of the cell operated at a current density of 20 mA g
between 2.0 and 4.8 V. The inset displays the capacity retention after 50
cycles at each current density from 20 to 640 mA g vs. the current
densities. (B) Electrochemical impedance spectra represented as Nyquist
plots of the electrode before cycling (a) and after Ist (b), 15th (¢) and
30th (d) chargings to 4.8 V.
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In the research and development of polymer
electrolyte fuel cells (PEFCs), one of the challenges is
to design better alternatives to the state-of-art Pt catalyst
as anode and cathode catalysts in PEFCs, for which
high power density has been obtained at room
temperature. In particular, the oxygen reduction
reaction (ORR) kinetics in the cathode is very slow,
even at the surface of the Pt catalyst. Therefore, a large
overpotential is required for the ORR to proceed at any

practical speed under the operating conditions of PEFCs.

To accelerate the ORR Kinetics to reach a practical
usable level in fuel cells, there has been a strong
demand for the development of cathode ORR catalysts
that can solve significant cost and durability issues as
well as sluggish ORR Kkinetics. The partial [1] or
complete [2] replacement of Pt metal with other metals
has attracted considerable interest due to its potential to
reduce the high costs of market batteries and to enhance
electrocatalytic activity. Recently, we reported that
PtPb/TiO, showed substantial electrocatalytic activity
for ORR [3]. The nature of the support, the composition
of catalytic sites as well as their interaction with the
support, and the electronic structure of catalytic sites all
most likely influenced the observed electrochemical
behavior. Such enhancement of PtPb NPs in the ORR
activity was mainly explained as follows: (i) change in
the orbital structure of Pt atoms caused by coexisting
with Pb atoms, (ii) change in Pt-Pt interatomic distance
by insertion of Pb atoms into the Pt crystal structure. In
addition, the enhancement of the catalytic activity, due
to the presence of metal oxide support, is often called
strong metal support interactions (SMSI) and significant
effort has been devoted to understand this phenomenon
[4]. SMSI has been reported also in the papers on the
enhancement of ORR [5]. SMSI is usually explained in
terms of partial charge transfer [6] or substrate-induced
change in the lattice parameter of the metal deposited
[7]. Particularly the change of the electronic properties
of the NPs was attributed to overlapping of d orbitals
(occupied) from deposited metal and the unoccupied d
orbitals of the support. This PtPb NPs/TiO, system can
be expected to exhibit the synergistic effect of the
inherent electrocatalytic activity of PtPb ordered
intermetallic surfaces and the electronic interaction
between PtPb NPs and TiO, in the enhancement of
ORR. However, in our previous study, the

voltammograms obtained using a PtPb NPs/TiO,-fixed
glassy carbon (GC) electrode for ORR exhibited a
broad shape caused by high electron resistance (IR
resistance) because the PtPb nanoparticles (NPs,
particle size 3.0 nm) were deposited on high resistivity
TiO, particles (particle size < 25 nm) and because the Pt
NPs/TiO, was fixed on a GC electrode with carbon
black (CB) and Nafion. In this study, PtPb NPs were
chemically deposited on small, thin TiO, particles that
were prepared on CB, to obtain ORR voltammograms
that did not show IR resistance. The step-by-step
deposition of Pt and Pb intentionally designed for this
study achieved the restrictive fixation of PtPb NPs on
the small, thin TiO, particles (Fig.1). Among the Pt
NPs/CB, PtPb NPs/CB, Pt NPs/TiO,/CB and PtPb
NPs/TiO,/CB samples, The PtPb NPs/TiO,/CB showed
the highest ORR activity (Fig.2).

Fig. 1 Schematic representation of the step-by-step
method to prepare ordered intermetallic PtPb

NPs/TiO,/CB.
Fig. 2 Linear sweep voltammograms obtained for ORR
in O,-saturated 0.1 M HCIO, aqueous solution.
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The Sn2 reaction, which is one of typical nucleophilic c.—s.

substitution reactions, plays an important role in the organic |—>
syntheses. It is well-known that the Sy2 reaction proceeds by one rar..

step with the inversion of the configuration passing through the ©— SIH\H er ” er H;S' “
transition state with the trigonal bipyramid (TBP) structure. R P
However, when the C atom is replaced by the Si atom, the ci— S,,c, 1
reaction proceeds by two steps, because the TBP structure exists TBPu

as an intermediate. The quantum chemical calculations have Figure 1. Possible reaction
shown that both TBP with cis and trans forms are produced by the paths of the nucleophilic
frontside and backside attacks of CI" (Figure 1). The produced substitution at the Si atom.
TBP.s would be transformed to energetically more stable TBPqrans.
However, we cannot know whether the dissociation of CI" from
TBPyans proceeds via TBP.s on the basis of the energy profile
determined by the quantum chemical calculations. We therefore
examined the CI™ dissociation step by means of the ONIOM-MD"
method taking account of the thermal motion.

We also took the water solvent into account. The water
molecules were placed inside the spherical space with the radius
of 20 A, where the substarte is centered (Figure 2). The water
molecules were involved in the outer part and treated by the
molecular mechanics method. The MD simulations were carried
out under the constant temperature. .

The ONIOM- MIZl)o simulations showed that the CI Figure 2. Model of the
dissociation from TBPyans takes place without passing through water solvent.

TBP.. It was also found that the thermal fluctuation of the water solvent significantly affects the
oscillation of the kinetic and potential energies of the substrate to facilitate the dissociation of CI".
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We have examined the reaction mechanism of
the amide bond cleavages of the 2,2,6,6-
tetramethylpiperidine  derivatives that readily
occurs in the methanol solvent under mild
conditions by means of the gquantum mechanical
method." It is generally known that the inhibition
of the delocalization of the = electron from the
amide N to the carbonyl group is needed to break
the amid bond. In the present reaction, the steric
hindrance of four Me groups to the delocalization
of the = electron weakens the C-N bond. Our
qguantum mechanical calculations showed that the
reaction proceeds by the mechanism presented in
Figure 1. This reaction is initiated by the rotation
of the acetyl group, because the delocalization of

Figure 1. Reaction mechanism proposed by
the quantum chemical calculations.

the = electron is sterically hindered by the Me groups. After the rotation of the acetyl group, the
a-hydrogen migrates to the N atom, which is mediated by methanol molecules of the solvent. The
amide C-N bond, which is extremely weakened by this migration of the a-hydrogen, is readily

broken. In the present study, we further examine the

effects of four Me groups on the rotation of

the acetyl group that triggers the reaction taking account of the thermal motion by the ONIOM-
MD method.” The ONIOM-MD simulations showed that the thermal motion of the Me groups
enlarges the fluctuation of the potential energy of the acetyl group to make its rotation easy. This
indicates that the Me groups have a dynamical environmental effect that we have reported so far

in addition to the conventional steric effect.
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The sex differentiation in crustacean is well known to be controlled by an
androgenic gland hormone. Recently, another hormone, crustacean female sex
hormone (CFSH), has been discovered. This novel hormone was purified from
the female eyestalk of the blue crab Callinectes sapidus (Cas-CFSH). Gene
knockdown of Cas-CFSH by RNA interference was shown to inhibit the
appearance of the female reproductive characteristics. Therefore, it has been
thought that CFSH controls female secondary sex characteristics. In order to
accumulate knowledge on CFSH, here we cloned two CFSH cDNAs from the
kuruma prawn Marsupenaeus japonicus.

An eyestalk CFSH (Maj-CFSH_ES) and an ovarian CFSH (Maj-CFSH_OV) cDNAs
were cloned by 5'- and 3'-RACE. The Maj-CFSH_ES cDNA consisted of 1,050 bp
including a 5’-untranslated region (UTR) (23 bp), an open reading frame (ORF)
(735 bp), and a 3’-UTR (292 bp). The ORF was conceptually translated into a
putative prepropeptide comprising 244 amino acid residues, consisting of a
signal peptide (SP) (34 residues), a CFSH-precursor-related peptide (CPRP) (44
residues), a processing signal (2 residues) and Maj-CFSH_ES (164 residues).
Maj-CFSH_OV cDNA consisted of 942 bp including a 5’-UTR (130 bp), an ORF
(678 bp), and a 3’-UTR (134 bp). The ORF encoded a putative prepropeptide
comprising 225 amino acid residues, consisting of a SP (24 residues), a CPRP (35
residues), a processing signal (2 residues) and Maj-CFSH_OV (164 residues).
Although both of mature Maj-CFSH_ES and Maj-CFSH_OV showed low amino
acid sequence identities to Cas-CFSH (38%), eight conserved Cys residues were
observed in the two molecules. In the analysis of the tissue-specific gene
expression by RT-PCR, Maj-CFSH_ES was detected in female and male eyestalks,
suggesting that Maj-CFSH_ES might have roles except for the female sex
hormone in M. japonicus. On the other hand, Maj-CFSH_OV was expressed
strongly in the ovary but weakly in the testis. This result indicates that Maj-
CFSH_OV might be one of the female sex hormones in M. japonicus.
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Improvements of cyanobacteria and purple bacteria by genetic engineering and
by culture conditions for the sustainability and the efficient solar energy
utilization of nitrogenase-based photobiological hydrogen production

Hidehiro Sakurai!, Hajime Masukawa2, Takeshi Sato3, Hikaru Hanamoto3, Masaharu,
Kitashima4, Sakiko Nagashia35, Kenji Nagasimal, Evgeny Shastiké, Anastasiya Gavrishevas,
Ekaterina Petushkova$, Anatoly Tsygankové, Kazuhito Inouel:34
DResearch Institute for Photobiological Hydrogen Prouction, Kanagawa University, 20CARINA,
Osaka City University, ®Graduate Course of Science, Kanagawa University, ¥Faculty of Science,
Kanagawa University, ?Faculty of Urban Liberal Arts, Tokyo Metropolitan University, ®Institute
for Basic Biological Problems, Russian Academy of Science

Abstract

We are proposing large-scale photobiological Hz2 production in flexible plastic bioreactors floating
on the sea surface. The paper describes some of our efforts for improving and estimating the
outdoor Hz production efficiency by heterocyst-forming cyanobacteria Nostoc sp. and the purple
bacterium Rubrivivax gelatinosus. We are going to measure Hz production activity under outdoor
conditions, and to compare the above results with those obtained by using a solar simulator

installed in Kanagawa University.

Keywords: Cyanobacteria, Nitrogenase, Photobiological hydrogen production, Purple bacteria,

Solar energy
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A novel membrane-bound multi-heme cytochrome ¢
potentially functioning in photosynthetic cyclic electron
transport chain of the purple bacterium, Rubrivivax
gelatinosus

Kenji Nagashima!, André Verméglio?, Sakiko Nagashima?,
Kazuhito Inoue!”*; 'Research Institute for Photosynthetic
Hydrogen Production, Kanagawa University, 2CEA Cadarache,
3Department of Biological Sciences, Kanagawa University

Mutants of the purple bacterium, Ruvrivivax gelatinosus, lacking
electron donor proteins to the photochemical reaction center (RC)
were basically incapable of photosynthetic growth. However, a
prolonged cultivation often caused generation of the mutants
showing the wild-type level photosynthetic growth rate. By flash-
induced kinetic measurements and SDS-PAGE analyses for such
mutants, a membrane-bound multihemic cytochrome ¢ with a
molecular mass of 25 kDa was predicted to be a novel electron
donor to the RC. Analyses on the total genome information of this
bacterium predicted that the gene assumed to code this novel
cytochrome ¢ forms an operon with two other genes coding a
potential iron-sulfur protein and a membrane protein. We
hypothesized that the three proteins form a complex with
functions similar to those of the cytochrome bc, complex. To test
this hypothesis, mutants lacking the cytochrome bc, complex
and/or the novel cytochrome ¢ complex have been constructed.
Growth tests under the photosynthetic conditions and kinetic
measurements for the mutant cells are now in progress.
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A mechanism of photosystem-| photoinhibition by

short-pulsed fluctuating light and its suppression by
far-red light illumination

Masaru Kono', Masaharu Kitashima2, Yoshihiro Suzuki?,
Kazuhito Inoue?, Ichiro Terashima!; !Grad. Sch. Sci., Univ.
Tokyo, 2Grad. Sch. Sci., Kanagawa Univ.

For plants, photosystem I (PSI) appears to be sensitive to
photoinhibition by an exposure to fluctuating light as well as
by the chilling treatments (Terashima et al. 1994). However,
the mechanism of PSI photoinhibition by fluctuating light is,
unknown. To evaluate this, we illuminated Arabidopsis
thaliana wild type with short-pulsed fluctuating light
(alternating 1200 uE m™ s for 800 ms and low for 10 s)for5h
and electron spin resonance (EPR) spectra at liquid helium
Femperatures were obtained from isolated thylakoids. The Fy
ron-sulfur center in PSI was destroyed preferentially than the
F, center. We demonstrated clearly that the photoinactivation
of PSI by the destruction of the iron-sulfur center was caused
by not extremely-fluctuating light. It would be appeared that
the over-reduction of the iron-sulfur center in PSI lead to the
formation of hydroxyl radical, destroying the iron-sulfur
centers. We hypothesized that far-red light would be crucial to
prevent the formation of the hydroxy! radical because it excites
PSI preferentially. Effects of far-red light at the wavelength of
720 nm on avoiding PSI photoinhibition will be also discussed.
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Mutants with increased heterocyst frequeqcies_in
Anabaena sp. PCC 7120 enhance photobiological
hydrogen production

. . - . 2’3.
Hajime Masukawa', Hidehiro Sakurai®, Kazuhito Inoue*-;

'OCARINA, Osaka City Univ., *Res. Instit. for Photobiol.
Hydrogen Prod., Kanagawa Univ., 3Dept. Biol. Sci., Kanagawa
Univ.

Cyanobacteria are able to photobiologically produce hydrogen
from water. The hydrogen gas is produced as the inevitable by-
product of nitrogen fixation by nitrogenase. To reconcile two
incompatible processes, oxygenic photosynthesis and oxygen-
sensitive nitrogenase reaction, approximately one cell of 19-20
vegetative cells along the filaments develops into diffc‘srentlated
cells called heterocysts that provide a microaerobic environment,
allowing the nitrogenase to function in an aerobic envir‘onment.
Among a number of genes involved in differentiation and
patterning of heterocysts, HetR is considered the master .reg.ulator
of heterocyst differentiation and activates the transcription of
genes involved in the heterocyst differentiation. We have
performed random mutagenesis of /etR in Anabaena PCC 7120
and identified several amino acid substitutions that increase the
frequencies of heterocysts while maintaining the spacing pattern.
These HetR variants showed 1.2-1.7 fold increases in the
maximum rates of hydrogen production. The second round of
random mutagenesis yielded several new HetR variants with
increased heterocyst frequency.
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Some schemes for improvement in activity and for
cost reduction of photobiological hydrogen production
by cyanobacteria and purple bacteria

Hidehiro Sakurai', Hajime Masukawa?, Takeshi Sato?®, Hikaru
Hanamoto?, Masaharu Kitashima®, Sakiko Nagashima#, Kenji VP
Nagashima', Evgeny Shastik’, Tatyana Laurinavichene’, Anatoly
Tyagankov®, Kazuhito Inoue'-?; 'Res. Inst. Photobiol. H2 Production,
Kanagawa Univ., 20CARINA, Osaka City Univ., 3Grad. Sch. Sci.,

Kanagawa Univ., “Fac. ULA, Tokyo Metropolitan Univ., SIBBP, RAS,
Russia

We studied nitrogenase-based H, production by genetically improved
heterocyst-forming  cyanobacteria and purple bacteria. When
hydrogenase activity in these organisms is eliminated, they produce H,
without reabsorption. 1) In the presence of high concentrations of N,, the
H, production activity of cyanobacteria is decreased due to the combined
nitrogen sufficiency. For prolonged H, productions, the gas phase is
composed of Ar. We have created mutants with mutation in the amino
acid residues near the catalytic FeMoco site of NifD. The H, producing
activities of the mutants R284H and Q193S were not inhibited by high
concentration of N,, indicating the possibility of the gas cost reduction.
2) The H, producing activity of Rubrivivax gelatinosus from organic
acids was increased by eliminating the hydrogenase gene. 3) In order to
estimate the outdoor H, producing activity, a solar simulator which can
change the light intensity and temperature in programmed manners has
been installed in KU. The outdoor H, producing activity will be
measured in IBBP, and the results of the 2 institutes will be compared. 4)
We have developed H,-barrier plastic bags as inexpensive bioreactors.
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—542 —



o5 116 AL RS =

Ultrathin inorganic molecular nanowires based on transition metal oxide

(Kanagawa University™ -

Tokyo Institute of Technology™ -

Tokyo metropolitan

University™ -« Hiroshima University™) Zhenxin Zhang™? - Toru Murayama™ - Masahiro

Sadakane™ - Wataru Ueda™2

Molecular nanowires, one-dimensional materials grown
by repeating a molecular unit along a single axis, are
fundamentally and technologically interesting materials.
Here, the authors report a rare inorganic molecular
nanowire comprised of transition metal-oxygen
octahedra, and study its properties.
Keywords: molecular nanowire,
inorganic framework.
uedaw@kanagawa-u.ac.jp

polyoxometalate,

1. Introduction

The development of transition metal oxide-based
molecular nanowires is important. However, examples of
these materials are rare. Herein, all-inorganic transition
metal oxide molecular wires were prepared. The wires
are comprised of MoV!' or WV! with either Te'V or Se'V:
{(NH4)2[XYO021]}n, where X = Te' or Se¥ and Y =
MoV' and WV'. * The ultrathin molecular nanowires with
widths of 1.2 nm grow to micrometer-scale crystals and
are characterized by single crystal X-ray analysis,
Rietveld analysis, SEM, XPS, UV-vis, thermal analysis,
and elemental analysis. Single individual molecular
wires were obtained through cation exchange and
subsequent ultrasound treatment, as clearly visualized by
AFM and TEM. The ultrathin molecular wire-based
material exhibits high activity as an acid catalyst.

2. Experimental

The materials were synthesized by a hydrothermal
method. Briefly, (NH4)sM07024-4H,0 or
(NH4)s[H2W12040] were used as Mo or W source, and
Se'v or Te'v were used as Se or Te sources. The Mo or W
was mixed with Se or Te source in water, and the
precursor was heated in a hydrothermal condition at 448
K for 24 h. After the autoclave had cooled to room
temperature, the resulting solid was recovered from the
solution by filtration and centrifugation. Resulting
materials were denoted as Mo-Te oxide, Mo-Se oxide,
W-Te oxide, and W-Se oxide

3. Results and discussion
Single crystal X-ray structural analysis combined with
elemental analysis showed that six Mo-O or W-O
octahedra surrounded one Te or Se ion in the a-b plane,
forming a molecular unit of [X"VYV'5021]% (X = Se or Te,
Y = Mo or W) (Fig. 1a,b). The hexagonal [X"VYV's021]*

units were stacked along the ¢ axis to form prismatic
clusters (Fig. 1c) as molecular wires. The molecular
wires were further packed parallel in a hexagonal fashion
to form the material (Fig. 1d), and ammonium cations
and water were present in between the molecular wires.
The nanowires were ca. 1.2 nm in width and micrometre
scale in length.

Fig. 1. a) Polyhedral representation and b) ball-and-stick
representation of a hexagonal unit, ¢) a single molecular wire,
and d) Assembly of single molecular wires into crystal. Mo
(W): blue, Te (Se): brown, O: red.

Among the four materials, Mo-Te oxide, W-Se oxide,
and W-Te oxide could be disassembled into thin rod-like
particles, even single molecular wires with ultrasound.
The materials were characterized by HR-TEM, which
confirmed that nanowires with smaller sizes were
generated after ultrasound, and some isolated molecular
wires with widths of 1.5 nm (Fig. 2) were observed.

Mo-Te oxide was used to esterification of ethanol with
acetic acid at 365 K, which showed higher activity than
some tranditional heteropoly acid, such as H3zPW1,049
and H3PM012040.

Fig. 2. TEM images of a) Mo-Te oxide, b) W-Se oxide, and c)
W-Te oxide.

1) Z. Zhang, T. Murayama, M. Sadakane, H. Ariga, N.
Yasuda, N. Sakaguchi, K. Asakura, W. Ueda, Nat.
Commun., 6, 7731 (2015).
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S ETH D Z RNy ho Tz, ZrO, KN LA

%&%T’é HT EEBETDHE I, ET LR
KBS F AL, FIRICHRAE LT LA Z2kFEL
LTWAHIZERBZ LD, USKREIT LAIZ 0K,
KFBIZ2WTHY , BETHRL 7 EDOKFEDMREEN =
ORGSO HEEHEETH D B2 bvb, Fi2, 7.6Cu
(Me) Z FARIZH T, Og filtile &[R4k O Sk - 812 72
% X O TRE LR ikl (Dp i) & . 2 OK
JEZARIEARIENE T o o 7o, Dp il ORI 713 Og fih
PEDZF L IBITIC L DRV A XD R ANEH
FEThol, $kiTZ2RERSEL-DOD, KL
PRI F- OFEAAEH A, ARBHEYEIZRES 5 2 & DR
WX, RETITER L-fEoxyZ7 7 21V E
—vay, BROMERISOFEMAZ RS,

100

o\\c sob OgpitE Cull ¥

S eof 4o

o~ tzr0,

6 60- X

©

T g0l mesm WRTVVT

= I

3 tzro, |

O 20
0 Q\ A A

¥ ¢ @

Ax AP 2 N

X 1. Me, Og itz FH\ 7= LA AKF(LEISIZ X D
GVL I3,
1) M. Besson, C. Pinel, et al. Chem. Rev. 114, 1827-1870 (2014)

2) A. M. Hengne, C. V. Rode, Green Chem. 14, 1064-1072 (2012)
3) M. Chia, J. A. Dumesic, Chem. Commn. 47, 12233-12235 (2011)
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% 116 RIfiiiEames,. =&

R T =Y T E&RKBC DEEIRIT X 5 KFEWE

(FhZs)11K) 5 MEaL -

T NH Y e RKEY & R E S TR OB A K
X, HPIRIE CAREEZ W T2 2 &b, KE
BPRATELE L COIS AR IfE SN D, AIFFETIE,
RV T =Y TN &RAKFE DOESERIT,
TNH Y A RAKEY MO RE S TAHEL D
SRR R CRFBAWSI T2 2 & &2 R LT,
AFERTIL, BB OKF R R & 2 DRFEW K
HFEHE I W TR L 72,

IKSEWL R RE « T U B EKFE e - R T =1
Ve

ayoshida@kanagawa-u.ac.jp (7 FEEFL)

1. #% 8
IKFBNTIRBER; D AR DK DI D 7 ) — o 7Rk
THY, BIRTENCEBTEDH ENDBTRIL
F—Fy U7 LLTHEASINTVS, LL, il
WHETTRIRTH Y, okl & R TEREYS 720
DT FIF—FEN/NSNTD, BEETKELET
i AT REZ2 M B DB N D SN TV D, FRE HIL,
KFLV F 7 A(LiH) & &R RALKFEES DT TH
LRV TEFL(PA), RY /T T ==L (PPP)%
BEb &5 2 & T, LiH O H LEOET2 PA, PPP
DZED w#fliE~ & BE L LiH §h X v K750 300 °C
TAREFBEHNTHZEEHLNILEE YV, SHITkK
I, ~TuRFEEEREG S FTHLRY 7=
U > (PANI) & LiH OB AR EHE, PA, PPP & O
AR XK VAKIR D 250 'C TARFE 22U 5 2 & 23
5E 7o 7= (Fig. 1), & Z TABFSE T LiH & PANI
DEARIZIT DKFBRBIHEEORFT 21T > 72,

2. E B

A=A IV 2L LiH & PANI % Li:C = 1:2
DE NV THEAIL L7 (BA T LiH-PANI), He &Jit | C
FHRBUEERE (TPD JIE) &2 TV, KB & &k FE
IR E DORGET 21T 5 72, TPD % OREHZI DN T,
3 MPa D/KFEFFA T, 250 °C T 12 B ok #EL %
1TV B TPD JIE AT 5 Z & TR0 IR LFFE DO
AEAT o, ETo. KFBALEE & K FE K H KO
LiH-PANI B O JEHS ST IR JIE & B 5 s 8 A E
ATV, KBV A 2 Rt LT,

3. HREBE
LiH-PANI DK FEALRE, FFKF(LFED IR A7 |
JAZHE T (Fig. 2), 3263 cmt @ N-H {HfEEE O & —
Z X KRFALRFC BB S D b O OKFE LIS
B S e oo, —J7, 760 et i Li-N fif
HMaH KD B —2 & 900 cm™ {131 D B FER C-H A AR

2% &

(3

HESH APV P bles

k- R - Em W

g, C-C (HffitREN /e Kk T H & — 712 LTI,
RSB R IRF I X M3 23 [RIFRBE DO FREE 22 DTk LT
FRFEIERHZIE Li-N fEAICHKT 5 v — 7 8N
AR Lz, ZHUC LV eq. 1ITRT L DI,
RSB HIZLEV Y PANT D N-H 54 % N-Li fif &~
ERWNCENLT D EBHAL N E o T, YA
JVRIEIC K0 AT 7ok B EZRE L& 25
(Fig. 1). &Y A 7 L OKFER I EiT eq. 1 THEI I
% 8.7 mmol-gl % Ell>TW/eZ &nh, eq. 1 L4k
DKFER R S ETT 2 FERHER Sz,
LiH-PANI #&K(Li:C = 1:1)DESAEERIEIC X
0. KFHHRFICIIKFECREIZ T 10 ~ 20 %D
BRIREE 2R T 2 N RSN, ZHdkER
U AEV PANT OIS OB FIRREAZ L L TV
HZ L AL TS, PA L PPP & LiH OB &K
WZBWTHRKOBRBEEDOENEZ HFHND
LiH-PANI IZ5BW T eq. 1 IR TR T Tlai<
eq. 2 IZT H LIRS E~OEMBENIC L > T
HAREHRHPEITT 20 LRSS,

+

o
|
+
+

+
+

KEHHEE / mmol-g '
o S [o¢]
Lo o

0 2 4 6 8 10
Cycle number

Fig. 1. ¥ 7 VFEBRICEIT D LiH-PANI D /K

Jig B (KB W IR 250°C)

/]

L L R

4000 3600 3200 2800
Wavenumber / cm?

Fig. 2. LiH-PANI D7k FEAkIRf & K FLRFD IR A

ART R OV(FER KBRS KRR

(eq. 1)

e (RO
LA, kirn amaL /Mo %lsaitﬁ?ks. NeAt8)
Chem. Mater., 26, 4076 (2014); A. Yoshida, Y. Mori, M.

Watanabe, S. Naito, J. Phys. Chem. C, 118, 19683
(2014)
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Ru-Sn/Al,O; filill: 2 FAWN /== % ) — )L DERHAR S BT 5

Sn OFMZEh R L O Sn OB 17

o)1) Fill

RU/ALO; fifliElZ Sn #siNd 22 & T, =&/ —/b
NS FER T T )L ~D BB BRI EIT L7z, Sn &
Ru % ALO; IZZE R EGIRHEFFL ., Ru & Sh oWE &Lt

M 1:1 Ot B b & O EERE — T VIR A2 R LTz,

ZOfEETIX, Ru & Sn O DB TN ES, Fi-
Ru & Sn 3 H—hRI A TR L Tuhiz.

T & — VHERHA RO « FESLAOTEE R - R E kg
hikichi@kanagawa-u.ac.jp (5/# H5HE)

1. #

WA, A F~ 2GR =S - RENREINT
WHIEEERONE L L, Zha bt N s
D NAFV T AF V=" T a RO KA
WA DI TS, UIFRE TIE A A~ AHEY
BThdrTH ) —Ninh CAIbEMmA-7 4 7 —V &
OEERE = T L)~ DERH S Z DWW TRRET L Tl D,
FHFF Ru il B0 &R 2 IRNT 5 2 L CHEfE =
FIUNERIRANCERTHZ L2 ROVE LTS !
AT Tl b EERE = F OV RRME N EH W
RU-SN/ALO; il il Z >N T, & DFE M sk e S i
OHIEERF O Z HEE L, Ru & Sn OB &N
B2 DR DN T, SOSFRE & fligE OH B %
FRRE L 7=,

2. E B
RU/ALO; IZHTERIA T D RuCl; % AlLO; fBIKIZE
BHETLIZLICL AR L. Ru-Sn fift i

(Ru-Sn/ALOg)IE, £ Sn % ALO;IZER, BEAEIC
RuUZZRERTHIEICLVFAR L=, Ru OfHEF
A BS5WI%E L, ZAUIK LT Sn ORI fs B
70 2 il AR U 7oL ROGHTALELE LT 523K CT2h
KFIBEILEAT o7, MEEROSIE 100 mL A7 > L&
A — b7 L—TfilllE 150 mg, B Th 5 k=
& ) — 10 mL, WIEEWE CTHD KT % 200
LA L, 473K TITo 72, U K& ONEARAE P 1
EWIMICA— 7 L— 7°V\77b>6/\E&L znEn
TCD-GC & 5\ L FID-GC (2 X VY H#r L7-.

3. HREER
Ru & Sn OLRNEZ D Ru-Sn/ALO, il i M
% Il U7z (Table 1). Ru/Al,Os filillt & 13720, v
TAHLD Ru-Sn/ALO; FIIEIZ 35\ T b AR I SRR
TF N ThoTo. IbEiEMEOMEII R : Sn=1
1 ObDOTHY, F-AZ U ORIAEELRE LD RN
-7,

Z 2T, ThENOfEO K48 K& Z XPS T

ﬁ‘cdf ) > RNE S Lesnh

BEAL - hYE O JE - AL SRR - NBE JH -

Sn OFHEMEE L= 55121, 523
K C2KARFBZIIZE 5 L TH Sn(0)IC ifﬁfné
D Z LR ToDITHR L, FIEROEEZ i L 7=
Ru-Sn/AlLO; filt#i Cid Sn(0)FEIZ IR S A k=L
X—OE—7 PRl S 472, Z 2T Sn(+2 or +4)fED
B — 7 2% 5 Sn(0)fED v — 27 OE|A&1E, Ru:Sn=
1:1 OfEAE HE<, Sni@EI(Ru: Sn = 1: 15)
B EORUIBEIRU : Sn = 1:05)D DT, Sn(0)
FEOEIAIME T L7=(Figure 1). 2B RUIZOWTIE,

b‘ﬂ”:}rW)ﬁﬂiﬁiT% RUONIZEITL SN TN D Z & Al

mE .

SHFLT-. AlLOz 12

EbEIEETH>7- Ru:Sn=1: 1 Offficou
T, STEM (2 Tt i BB L WVEDS ~ v B v
TRV EBRERYOSAE#E LT 2 A, Ru <E
Sn B[R FEZTE L TWD Z &3 MR S iz,
WD Sn OFEFRREMFHT DFEH: L R, Ru & Sn i%ﬁ
AIEEREZ R L TR Y, 2N BKER S (4
—) > TR FTATFTE RBLOT®Z—/L — [
BrFVBLOT L= (TR FT LT RE
TH )= NDhH TN N BRELTND EE X
bib.

Sn(2+ or 4+)

__lsn3d32  sn3dsr2 /% Sn(0)
a A
=) 1
~— 1
2 '
SR 1
c
(] ]
€ |1:1 o
_ 1 !

1

1:05

500 495 490 485 480
Binding Energy(eV)

BiF 5 Sn OFETFIREE
Table.l1 Ru-Sn/ALQO;fililtd = & 7 — LR HaTE M

Figure 1. Ru-Sn/Al,O3 I

. Amount of products / mmol Ratio of
RuSn H, CH, AcH AcOEt 1-BuOH ACOEY1-BuOH
1:0 27 53 39 0.8 2.8 0.3
1:05 44 0006 05 80 01 666
1:1 142 nd. 05 151 0.2 75.5
1:15 58 005 16 74 0.06 1233

SOSREf:24 h, Ru fHEF R 5 wi%

1) 5K, =8, HH, NHE, 2 110 [FIRLMEEETR S A2D14 (2012)
A1, HH, B, oI, NEE, 5 114 RIS ERS A P027 (2014)
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WEmE KSR
R LT PR R I

28 LLbHE

(RiZs)IIK) BE A

Ru/NaY zeolite fiblif b COFEEEKIAETE D H DKFEE
BB IZ 3T, RubL AR OVEEFIRAE, & HITH
K1 D Na Fl 23 BUS T BAE TR RIZ OV TR L 7.
Ru fiffi & Na B =L T2 Z & T, Ru 0 HUE
ZHIET D Z ENARE L o7, HEFEN D 2 il
BECIIKRFAROBIEN M ELTZ. &4 Na idE
(2 Ru MR RIS HS L, SERIG~DHFYS
TSI ER LN ST

BAITA N VT =L F NU DL - FERE - KR
hikichi@kanagawa-u.ac.jp (5| 152 ER)

1. # 8

Fox 1XBEIC, FEx OFFF 8-10 R4 B fbiEiC X 2k
fELKEDIGT, 7T hTATE RERRWTHE
P, KFE(H,) & bR SE (CO) T HAHE S 4L D il FR (5
SRR DAFELZ HE LT\ 5 Y2, AT,
BHIEEOE W Ru &, BeEROAMIETE M SIS O
NI HEZ: NaY 7 zeolite HHKZ VY, KFEAKTE
P~ Ru EIRIECRL 8, 7= zeolite 7@ Na
A F U PRERAE R 5 2 & CHERR SR SUE X
A S T TS M SRR IE O RRGET A AT o 7.

2. & B&

Ru/zeolite I3 A A > 2 HAEIC K W RS L 7=, Ai
BRAAIZIZ[RU(NH2)6]Cls & FH VY, Ru fHEF & X RiTBRIAAT:
IABET05-5Wt% & L7z, BISIIARAE & k=
Jeik O 2 L7=. 1 vol% AcOHaq 80 mL (28
mmol ge )& RGIEIE & LT, AT v L afld—k
7 L—7H, 473 K TRIGZITVY, KFEF L ONEFE
I ZENZH TCD & 5N FID-GC T4yt L7-.
DX v 7 7 Z U= a3 D), {LFERERE
(H, 3 L O CO)HIE, XRD, TEM, XPS, AAS, ICP-MS,
CO Wi FT-IR Bl 21T~ 7-.

3 WREER

NaY FHIRIZ T Ru IEME ST R OBERE 2 st
572912, RufFFE L HIKT O Na A &2 2 S
72, Na B3R R O P IRREL O pH 12X Y
FRET L7, Ru k& & FHREO pH IZX9 % Ru 4
BB (CO (b2 5) K O Na & A &% Fig. 1127
Ru HEFEAYZ <, pH 2MEWER Ru O35 & OY Na
EGHEIIME) o2, TbH pH BMEWE Narh b
H ~OZHRAEIT L TR Y, [ Ru OET &k
ENEZ DTV AR I T, XPS i Dk
B, opH S CHEERL U 22 CIX, K IR T AL
BTV E X, K pH SF TR L - il < idmm

rr
—+
=

K D BIRAYKAE LRSS DT D D

7z bEUS 7 59 RN

SR - Y

(_
&

5 PN

ES
=]

Tl
k>

HEN Ao T-miBRAR RO Cl fE2 DT 8Ll
Sz, KXo THE pH FiF i Lz filift i,

{[RU(NH3)6]CL,}*™" (n = 1~3)& L THFFFS A T
HIENEZLND.

fli % > Ru filti = COWRIEIZ I D & AERA)
DA AL, I 10 BEf % O BEER AL % Table 1
WRT. HHEFE 5 WO Dl ¢k, FHRFD pH X
0 b IR OB RSPEIC TR BB A B 2 T\ s
IKFEIRICALER A Jifi U 7= b1, AcOH DER{LIEM &
WH DD CHy BNEEIZEIAET 5 DIZxt L(Entries 4 &
6), AiE IO CITEALRITMN S DD CH, I
Z Ji LR 72 OB IS 23 BT T L 72 (Entries 3 & 5).
IS DRISEROEWL Ru OFEAIRRENER D
oINS, —JF, HEFE 0.5 wit%Ofitl ¢
I%(Entries 1 & 2), ALERSARITBEILR 7 < FEELD RO
%R L, 5 WD fiftiie & b~ C CH, BIIAE 2 i) L 7=

INBHORERNL, BATA4 FHROER Na Ei3H
Ff Ru OIS AGRIRICEE LY KIET L0, &
BROSTEMHIC KT NS Wb O Ltz

Table 1. [ I E Rt o A TR RE J OBRAL3R,
Ru WIEEE [ mmol gt h? fis{bak
Bt oe PH 8 CH, 1 %(10 h)
1 05 45 a 052 029 008 58
2 05 45 b 040 016 002 57
3 50 45 a 203 110 037 154
4 50 45 b 388 2320 192 632
5 50 60 a 160 120 036 162
6 50 60 b 360 226 124 426

a: ARET(USHTLEL2 L), b:623 KIZTAFEERT.

150 a0 §
58 (5.9) ] 2

7.0 1 z

| (') o ® Jg 35

< (.) [ 1 €
= 100 |- (.9) ] 3
S * u o He0o o
2 W G3) 1% =z
@ 2.8 S
2 ° =( ) <
2 — 40 o
S| =1
5 50~ o
@ I  <— @ Rudispersion/% =
B Naresidual ratio /% —> |20 '5

(Na content / wt%) 2

] <

Lo <

0 0 Z

wt% 05 1.0 20 50 50 50 5.0
pH 45 45 45 45 50 55 6.0

Ru loding amount (top)
pHof support slurry (bottom)

Fig. 1. FH8LSME & Ru 0B o O Na & B O BIfR.
3) PR, HH, P, 5, NAE, B 114 (BT
e A, 2P12 (2014).

4) WP, EH, his, ML R, % 115 RIS
s A, (2015).

A =
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F A — LV IFERf A VR — T ZAHEA~D Au T i D
& AL & B AR E M DO R Et

(RRZs)IIR) B R -

AT A —VIHERR A Y R — T Z4KIT Au T/ kL
T AR L 2R L, 1- 7 ==X ) — )L
MRS AT - T2, F A — VIRERE E % 56
YICHREI T 5 = & CT v a— b C B 2h 7
FEftt N cE 2 2 L 2R Lz, Ik
TiI(IV) YA b & & A 7St 2 7= BOS TiEigb
AR THLTE N7 = O, EERbKFED K
ISR R S T
&) kLT - AHEERERMEATR - IRFERRL
hikichi@kanagawa-u.ac.jp (5[H#1 SER)

1. #% 8

4 BN TIOVYE S AT 5 7 v r— MMiFR& s
T AL —filx, KFEKIAE N CEEA LA L L
7ae Ly O RX AIZIEEEZ R T Z 0w
EhTWs Y KBTI, KELKORDYICT IV
a— L& KFRE LTHWT L7 v OBEZERR L
I T E DDA B L T, ©OR£
HE N PFFCE 2T A — L &) ki D
WEIERZH S TiQV) A M EEEOEAE TEAL
T AVR—=FAF % )V r— bk Ti-SBAM ZH{k
& L7 Au T R EEAARE AR L7z, 2 LT
TV 3 — )L DR IE M & RIS O FE BEAEE &
AT

2. X E&
PR L 70D P123 R U ~ —MNEME L I BRI
)L, JFRIOMALYE B Lt Si(OEt), : [Ti(OiPr),] :

Si(OMe)3(C3HeSH) = 100 — (X+Y) : X : Y IZOW T, X
=0~2, Y=0~8L LTC3maRNTsz LT,
Ti-SBASH(X : V)& FHE L7=. Ti LOSH &4 &i1fE

IRE DTG EE 3T B OV H NMR (2 & 0 sk 7=
BHoHNZ Ti-SBAMX : V)2 = & /) — LG S 4,

Z U —EED NaAuCly 2H,0 ZiEfE S Ei-o %
— VR ZT T L, 12 B L2RRICA BB IO
TH )=V EITo T, 29 LT Au(ll) 3
%LtTwwwmx YV EREFRT S ) — /W
WS, £ 212 NaBH /K — =% ) — VIR ETRIR % TR
M?észAwm4¢/%£ﬁLTAuf/u%
EHERICEEL, Izl Lz, 4 — 1%
ER L T2 Wl (Au/Ti-SBASH(0.5 = 0))ic oW\ T
X, Al e o TRZA &, SiHE S 7z Auln
Z NaBH, [Z L VW iEse L7, R L= fibliitic o>,
1-7 = =V X ) — VORISR 5 ARBEE
R A b U 7=,

g - S s

3. HREER

Ti GAEZEE LZX = 05) LT, FA4—/LEH
B Z Y = 0~8 O# M LISV
AU/Ti-SBASH(0.5 : Y)filtii- 2 FRHd L, Al D &
TV a— VLI OF B A MG L 7. TEM @5 %
1Tol2b A, Y=05 O ¢iX 2~5nm & Au 7
JREFNBIN S0, FA— L EEOERE 2 8N
SHDHZ L TR L, Y =8O Tlix 2 nm
Rl O T LU Au RO B BRHEF STz
B DTEME 2 LB L= & 25, FA—/L DB
NG 72U Y = 0.5 O TIISUSBREE NS 6
REFET 14 O fil i Inl#i54k (= TON)AS 250 DL EICEL T

Zxt L, #/h7e Au 2 R A3 E o ECR e T
FFS TV Y=8 Ofitii ¢ 0.1 K €, FAR L7
O TR LIKIEE Th 7. 2 TFA—uE
iR AENSE5Z LT, Luiuhge Au ki
IR TE S5, ZEOFF—AHEIIIY AuTh
PEENWBSN T LE 20 EZLNS. K
DOF A —EffiEE TON 27y Lz Z A, Y
=0.25~0.5 C TON {23 K % i1 2 7= (Fig. 1).

300 : : -
Y=0.25 Y=0.5
250 | O
200 | .
z ; . Y=0.75
AL Ry
100 | ;
50 L7 ]
Y=1' .
0e_Y=0 | | S_‘,Y_B
0 0.05 0.1 0.9

FA—ILEEHE (mmol/g)
Fig.l FA4— L {Effif & TON DOFHR

HRIZEALZTi YA b AUT R0 7 L=
—VIBAWTENRIC B 2 D At L. T4 —/ig
ANEZEE L72(Y =05) LT, [Ti(OiPr), DA
X % 0,05,1,2 & L Cillfd L 7= it Au/Ti-SBASH(X:
052DV, 1-7 = =)= ¥ J — )L OGN It
L7l A, Ti BARNEMT 5224 TON 1X
B LTt —J7, IR Ti A b & & el
TUE, ROSTER I ER LK SE DIFIED HER STz,
Ti 44 b EGAEE&MEEZ VT, 1-7==1x X

)= NVHAF R CBE LR L Loy 7 maf ey
DAL E T T2 2 A, DT hhRnbmRYx v
VI ua~XY U OERDBHERR ST

(1) J. Huang, T. Akita, J. Faye, T. Fujitani, T. Takei, M.
Haruta, Angew. Chem. Int. Ed., 48, 7862 (2009).
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MU A (B

7 U V) AR b— MR- 2 Tz

[ X f L g A oD BA %

Rzl K) thk

RUFZELIZTINVEEZESNI X (BEF VU L) R
L—h (=Tp BN TZEKL, ThEaAYKR—7
AU APURITEAN LT A=V Db v 7Y v
TR X0 EE L7z, s Co(INFEZ1ER &+
52 LRV E LN ORI B R KO L
o TRAUAREETE VL, R EoTF A — Ve E &
FIUCHKHET D Tp BN FOEE &L O F 4 —
NIEOFIIE T TR LT,

[ ECEE AR « 7 v VERE - 20 b
hikichi@kanagawa-u.ac.jp (5|15 ER)

1. #%

ABNIARTRT =AU 1 OO KU REE
FOERENETHD 3O TV U VARG L
7k Rm k )X(H?f)wﬁﬂﬁ—u TR RITE
7V U VL EOBEBRIL)L, BLEEFRICI T D AR
HRTHLIENLEBRPOLDEROA I XV VLV
HSR D% BRI R S V- i s 2 8L S Bl 1
ELTC, BEFAMIRICAVWS R TCE . P £ TR
&, BT Y U VE RICkRA BB A EAT LT &
TP SR L DO NLIRREE I X OVE A IREEAHIAE T
EHT 0D, B RESEMIEEOSIZ BT BRI
BOWTHLEHENTE., 2L TR 2T &7
%R 2 EARFRICHEF T 5 2 LI L 0 RE—Rfil
BRGNS L7 R bl SN TWED, Ziso
[ AR 3N T, TR BUAL 88T U h A vk
ﬁ@vﬁ/%w&om%&@WEﬁmﬁa%a%ﬁ
LTEESN TV, 2 Loy LIASIC & 235 Clriss
BT OWHNRE I, FBEESSEEAML L L X
TpR BAESHEAE BICgREAIC L 0 EE L STy
DZENREE LV, FZCAHETIE TPROE R
REZT U VEICER Lz allyl-TpR 248K L, Zh
T FA— VIAES A VS HNMET Y 1 AR~ D [E
EALT 5D Z & THEE LSS AR A BR%E L7z,

2. £ B

> U AR (Si(OEt), ; TEOS) & FA—NVIEEH Y T
> H v 7 v T HI (HS(CH,):Si(OMe); ; MPTMS) 1t
ABRILERET 5 2 LT, FA— VI EAEE 2L
SR AVE=T ALY HHEK (= SBATX); x 1
MPTMS D ftiAZ b, x = 0.5, 1.0 mol%) Z g5l L 7=.
TR L7 SBASH(X)O)?‘ZL%/I/% Eallyl-TpR oo v
TNH TV TROE kY, B EE A
SBASHTP(X)ICFEE L 7=, iﬁ_Tp“3zH§ﬁﬂ,@b»o
EEITA— VR L THELT V(=
CHsC(=0)Ch) Z#Efl &% % Z LI X W FAEiE~ A

&b Cph

WAl - R - AHE SR

vEbH L35

TONCER U727 ¥ MG AVERELAL - [5 E AL A8 AR
SBAMTP) b FREL L7z, bR k=01 K(II)
ERONESE D LT, BEEM TN RS fi
Co/SBA™ M (x) (X =Hor Ac)Z157-. FREL L /- fikitic
DT, tert-BuOOH % 2{bAl &L 5 7 maf -ty
DORLIEMEZ i LTz,

3. HRLEER

HARE IR SN TS Co(l)EEATENE S DRk
EEZPHONCT D720, BRI ST UV-vis 2~~~
M EHIE L=, x=05 Ot 227 L, ¥k
BT A —NIEOT v LB OF 2B D 59, U
AT 4 Bl A7 Co(IH)FE LSRRI 72 650 nm A3 DU IY
WABH Sz, 1k EoFA—1 i Lo TR
DOEEREE Co(I)HEAENBIZIFELNZ LD, F
T — VR TE R FE AME M I, FARISERE S
7= TpP T ARHF S HU72 4 B Co(I1)TEM: A 03 R 1Y
AR LTS b0 LRSS, —F x=1.0 Offh
BECIETF A —VEOK 3 Bl TR Ak L TR b
T, ZOERBEFA—NIEOT AR O F TG
CTCTART hREZ—U R RELS B> Tz,
Co/SBA®“(1.0) Tl 550 nm fFiFi 5mu@cwn
SEAREIC IR B S AW MBI S = ol xt L,
Co/SBA’™™(1.0) T 550 nm (212 T 400 nm {17 (2
6 BiAr Co(I)FEIZ IR IR = 412 WA 238 < 4, 5 AL
PR L 6 FANFENHIFEL TWVD LD EHETEIND.
FHEL L - E tert-BuOOH A Me{bHI &+ 5 27
g A~X ORI L TEETh 72, WTho
fib A T & 77 U UL DM B SRS T L 7273,
Brlzvra~dt= i L tert-BuOO D H » 7' U
VTR S S AR L TV Z & KD, Co $EIATE
PEAUE TBHP O3 fRIZH G- LT T ¥ VI 72 SOS0
HEITLIE LD EMINTE S, CoJR1 14720 DiF
P (BREEEIRR S ; TON) IXFRE F A — v F % 7 2 vk
WBRL 7= DD FENE L, EleFA— LV EEEMEN
DI x=05 D HLDODENEIEETH -T2, Fizf
BKAZHEE L TWw 72w Co(l) 7 v x ¢k
[Co"(allyl-Tp ™)(Br)] Z Al ¥ — R S fit L 72354
L0, EESARAEED TR ETEETH -T2

1) F. Oddon, Y. Chiba, J. Nakazawa, T. Ohta, T. Ogura, S.
Hikichi, Angew. Chem. Int. Ed., 54, 7336 (2015)

2) M. M. Diaz-Requejo, T. R. Belderrain, M. C. Nicasio,
P. J. Pérez, Organometallics, 19, 285 (2000)

3) S. Hikichi, M. Kaneko, Y. Miyoshi, N. Mizuno, K.
Fujita and M. Akita, Top. Catal., 52, 845 (2009)
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BEHEF ZHAVWTCAR LIZ=F8 Mo-V-M-O (M = Fe, W)DZ o BIW

T 7 a b A RRETEN

(AR + BRI - AL R 2E) Ol
JEH™® - Zhenxin Zhang™ - & AL - 1A

1. # 8

X T a LA BRRBALSS I m IR A
AT TE MosVOx &k (MovO) 1.
{M0s01} 5 BB~ = b & Mo, V &l L7z
FNEAROEFNZ LY 6 BIR, BT BRPIEAK
L7 (a-b ) A% c 7 M TE A L CRAE R
STfEkOWETHSH Y, MoVO [IAEIENIC T
EEANT L L CMBIIEEEZSIE TE 5720,
MoVO WIZFf » F & J8 238 A3 D813k E < HEH
STV D, MoVO [FKREVE KR, 7 BERIZT
=LA A (NHe) ZHDIAHZRB LT 5,
TERLIL, BATLVIAT VT2 5 AN
NH, & B ATRECTH 1 . MoVO FEARIZ I W CTREE
ERlE LTHEET 22 2@ Lz 2, A, =F
NT = LAY (EtNHgY) ZREEHER L L
THWE L&, fEixF 38R EHENICIY AAT
=77 MoVMO (M =Fe, W) 2T 5 Z & % A
HL7=0T, ZO3MERET5,

2. % E&

Mo JEIZ. T D (NH4)sM07024 + 4H,0 (AHM) & |
BERIZHE - TR L 7= (CszNH3)2M03010 (EATM)Z)
Rz, V L VOSOs - nH0, % 3 @@
Fe(NH4)(SOs)2 (Fe 1) . 35 & UN(NH4)eHW12040 (W
JE) vz, Mo JE 10 mmol, V & 2.5 mmol, B k&
OVEE 34287 0.63 mmol % 40 ml DA KIZIAfR L,
175 °C T 48 h KEVE W EAT o T2, & D% MFE L ALEE
ATV, 21572, 38R A E F 720 MoVO IX
BERICHE > TR L7 Y, RUGIZIEZ, 400 °C T2 h
ZERBERREAT - T filtl 2 =, =2 RIRER LI
i IR E 0.50 g, SROGTREE 300 °C. RS H A
CoHe/O2/N2 = 5/5/40 ml mint T{To7=, 77 ual A
IR LS IR 0.13 g USRS 220 °C. X
Ji H A C3HaOlO2/No/He/H,O = 2.5/8.0/39.5/30.5/27.0
ml mint. T17 - 7,

3. HRLEBE
AR L7 h =54 MovO Ik

sl THR0%
B (]

R o2 2,
i

1L MoVO Hifiz = = ks H1TEtNHz* 2.1 . NH,* 0.7
EFxETHY, ZNLORFIEHMN 2=y MO 7
BEROBIMEEIFITE L (Tablel), 2D &
5., MoVMO (M=Fe, W) (% EtNHs"& NH 2336
THEEHLEAIE LT T BRIV IAEND Z LT
BT 5EE2Z6N5,AHM % Mol E L TARRL
=% &, MoVWO 135 tEDME< . MoVFeO 1345 5
Nighole, 2O EMnG, EifEimtED MovVMO (M
=Fe. W) OFRIZIZEINHS B MAEEZLND,
X HF A BB BT 22 R BERLE D MoVMO
(M=Fe, W) IZ2oWT, % 3&EDFEFNLIED R
Ex1T-> 7z, Raman I E&=1T-72& 2 A, MoVO &
MoVFeO 1ZIFIER U A7 ML &R LT=A,
MoVWO Tt iEH D{M0s0}> 5 B =v I
(Mo5 E88) ICHIHKT B30 ROMEEEEM A~ 7 K
L7z 2OZENH, WIXMo5 BE=> h® Mo
ZEH L VD AREMEDN RIE ST, AR oi% T
EBATM LI E Z A (Table 1) . MoVFeO X MoVO
& HARTI T EHDS a il 73 KON ¢ dilh 7 a2 sy
L TW/, MoVO D fEEFEIK TH 557 ik
MosVOx TlE, X7 BIfLNICHE TENEA Iz
IR N BHI S NS 9, —TF. MoVWO
DA MoVO & FE AT EEUT a il 5 [ s HE ok
L. cEhiAmIc k& < Lz, {We0n}s 5 HER
= b (W5 BE) X Mo5 BERICHTEE-BRHEE
ENEE G AIZELS CEEAIIZEW Y, EDT20,
W 7% Mo5 Ef 4 E#i L T\ v, Raman /X2 Ro
VT NI EROEEFIE RS BHTE S, L
oz s, MoVFeO Tik, Feld6 BERE/IZT7
BERIZMELTEY, MoVWO TiX, WA Mo 58
BRa=y FZEBBL CWDAREMEN R SN,
7= MoVFeO Ti&, MoVO [ZE~T(110) iz x4 5
(100)E > XRD #H5xf & — 27 GREEEL (Intaooy/INtao) 73

Table 1. Physicochemical properties of MoVO and MoVMO (M = Fe,

Mo/VIM

% XRD /% —L &R L, REMICRET 56— 1% Catalyst |
B SN72noT-, AT, STEM-EDX TR 7- 4% Bulk® Rod®
BT 1 DOMAL E ICP TR -V 7 RO

Composition®

MoVO 1/0.32/- M020_4V5_6075 (NH4)21 . 99H20
N . S, /B -
PEIE—E LTB 22 &b (Tablel), H i) ATk MoVFeO  1/0.30/0.06  1/0.30/0.07  MO0305Ve2Fe12075(EtNH3)205(NHa)o.73 *
BRI LA ERMMER LT RWZ ERRENT,
MoVWO  1/0.29/0.06  1/0.29/0.07 M020Vs.sW1.2075(EtNHs)z.06(NHa)o 72 * €

IR, TPDIZ LY. MoVMO (M = Fe, W) (3% 34
BIEDX I F A4 T D NHatE Mo JEO% 7 F 4
VY THD EINH ZHEENICA L TWD Z ENIS
M&TpoTz, CHN JLHEHTIZ KV RD Tk} 1 F 4

2 Determined by ICP.

® Determined by STEM-EDX.

¢ Determined by ICP and CHN elemental analysis.

¢ Ratio of the XRD peak areas of (100) to (110) estimated for the catalysts after the air «
¢ Calculated by Rietveld refinement for the catalysts after the air calcination.
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R L T2y, MoVWO Tl |nt(1oo)/|nt(110)@2"2ﬂﬁ
BRI SN2 o7- (Table 1), Fe 2 6. £721% 7
BERICAE L TWD ERELIT>72 XRD ¥ I =2 b
— a3 Tl Fe 8 7 BRICMNETDHEZDR
Intaooy/ INtiy 239> L7z, MoVWO (2B LT, W A%
Mo5 BERUAMCAE LTV ERE LT E &,
Intaooy/INtai3 K& < Efb L7, S5 7mAz i,
MoVFeO & MoVWO (2R L T Rietveld figtt 247 - 7=,
Z D, MoVFeO Tlx Fe 28 7 BERICME L TW5
ERE L. MoVWO Tk W 28 Mos BB % E#a L C
W5 ERE LTz, Figure 1 (2R K 942, Wifilt &
HEMANZ - LI —T g XU NEL
—H L7, LLEX Y, MoVFeO Tid. Felx 7 BN
IAZE L TH Y, MoVWO Tik, W ix Mo5 BB
D Mo ZE#H L TWD EfEm LT,

KON EERE, 2 7 n LA, Bl =X
Y. Trua A OBRBACKISDORER % Table 2
VT, B ONREFEIZIZIZR U Th o 7203,
MoVFeO @ X 7 = #liFLAFEIL MoVO, MoVWO (T 1.
TP LT, 7 BERIZI 7 afilifl & L CHERE
T 5720, 7 B LA FEORD X Fe 28 7 BERNIC
fEELTWASZ EiCHkT 5, ZhoxHnT=X
VRNV 2T 728 2 A, MoVO & MoVWO
IHIFIF R UARBEE M 2 7~ L7223, MoVFeO [ I IEiE
PWERES D oTz, X UBLRISIE T BBRI 7 0
HIFLN THEIT9 % 9, MoVFeO TiX, Fe =& D
7T BRAOT 7R AZAE L7280, EMERH L
TEBEZLND D, Tra LA RIRBRLKE T,
MoVO, MoVWO |2, MoVFeO (&5 TH -
Too T8 LA BB LIT AR O 7 BER T
JIEHETTT 5 Y, Fe N7 BERWNICIVIAEND Z &
TBRPZEHRL, EEMEF LB D25, H
FTIE, F3LBAEEA LT MoVMO DAL, Wtk
FEAMOFEM & AR S - ARSI IC OV TR R B,

1) T. Konya, S. Ishikawa, W. Ueda et al. Catal. Sci.
Technol., 3, 380 (2013).

2) S. Ishikawa, W. Ueda et al. Chem. Mater. 25, 2211
(2013).

3) B. Deniau, J. M. M. Millet et al. Top. Catal. 56, 1952
(2013).

Figure 1. Results of Rietveld refinement for (A)~(B) MoVO, (C)~(D)
MoVFeO, and (E)~(F) MoVWO. (A), (C), (E) Structural model. (B),
(D), (F) Simulation pattern (solid), obtained pattern (circle), and
difference (bottom). (C) Fe was located inside the heptagonal
channel. (E) W is located at the pentagonal unit (dot circle). XRD
peak of Si (external standard) was excluded/

4) A. M. Todea, A. Miller et al. Chem. Commun. 3351

(2009); B. Bogdan, L. H. Craig et al. Chem. Commun.

25, 3138 (2005).

5) S. Ishikawa, W. Ueda et al. Appl. Catal. A 474, 10

(2014); S. Ishikawa, W. Ueda et al. Catal. Today 238, 35

(2014).

Table 2. External surface areas, micropore volumes, and catalytic performances for the selective oxidation of ethane and acrolein of the catalysts

External surface Micropore

Catalyst area’ /m? g volume? fem® gt C;Hs conv.® /% C,H4sel.? /% C3H,0 conv.® /% C3H,0; sel.® /%
MoVO 18.0 4.0 14.0 90.4 38.8 97.9

MoVFeO 15.1 2.7 1.7 89.0 8.5 96.9

MoVWO 18.0 3.6 12.0 88.1 28.7 95.8

& Calculated by t-plot method for the catalysts after the air calcination (t = 0.15 ~ 0.90).
® Ethane conversion and ethylene selectivity at 300 °C. Reaction condition: catalyst amount, 0.50 g; reaction gas, C,Hg/O2/N, = 5/5/40 ml mini™,
¢ Acrolein conversion and acrylinc acid selectivity at 220 °C. Reaction condition: catalyst amount, 0.13 g; reaction gas, C3H4O/O,/N,/He/H,0 =

2.5/8.0/39.5/30.5/27.0 ml min‘.

—551—



5545 [l - AIEERER S AR

AV IARTF RETEA Y R—TF 22U DREDORE T v B — VR

A B

w
-

N 5 A Dld

B

(A T)OE M Bl - B2l & - b 57 - B %

1. 8

AV R=F 22V AE, EREFE(~1000 m?/g)7Ho
BeONHIFLER A (~2 nm) & FFD 2 & B EH] - filt
KRR L LTHERAINTWD D, ZOMILNEE A
MRy T ) —VETEDLN TS FE L HEBLATHE
IRFSREIIZIR AR S D, & 2T, BEEMEERERZ X ¥
HIFLICEA L T, A VY R—F AU DI fkEse &+
B FERBRF SN TWS D, FHxlL, AVKR—F
A2 I OEMEELFIED—>2 & LT, MHLNICATE
DOEHN oA Y ITF R EEET D HEE B
WG LTS 20 RIFETlHE, ZOFEICESE,
BOSTEPESR E 72D T ART X U (Asp) & 7 e U ¥k
H(Pro) & & deA Y 227 F K (Pro-Pro-Asp) % > U 71
FREMICEELL, 2D E it s UZE#ENT VR
— VIS E T -T2, E5IZ, b DEELTF R
fitt B¢, 7V R— VRS OIEERBICH 59 5 BHE
AR LTz,
2. Ehr

SBA-15, MCM-41 [XFIEIC L VA LT, ~1 7 .
R—F 22U H1% TEOS DIKARIZ X v AL L=,
TI)AFARYZAFLULI (AT LY 0)iE TCI
MOBEALTZbOEFEH L, U IRHEERE LV
~OF Y AXRTF FOEENIZ, 7 BEMH U
2% LT, Fmoc RT3/ BEOMES & PRz v
BT X7 F FEMHERED FIEICID AL
(Scheme 1). fii )i 1%, Table 1IR3 54 CIT o 7=.
3 BREVEBZE

Table 1 (Z~_7'F REEAEIZ LD 4-= Fr 2
AT NTe RET® M OEHEHT IV R—IL RSO
fERZRT. Pro-Pro-Asp & U IRk L LT
[EEL L7 i OiE A il L= & 2 A, v U B R
RICEE LR LY CEE LT LY b &
EMEZ R LIz, ZhiE, VYU TIMERERE -
DB AR O LY OPERIT K o TR
HESNDDOIZHR L, v U B RBETIEE W REREZ
BT H7-0RE L HEERRORT T Ry OEfN
RHRZVGHTDEELZLND, —JF, ee lFL Y
NZEEL L2 T U SRR EE L2 E
Z BBV, ) B REATIHARIC L 53 R KDL
BNCAER LTI L, LYo TIE S IRaEBSemic 4
% &9 SERIRME O RSBl S -, 2
BOSTE MRS B ELIRIC L D 872 5 2 & AR
DAERTH D, EHEHT IV F— VRS ITER S & IS
OIMERICIVIREEND Z DB TWNSTE
W, filllft EOBRERL A BRI AIEMLT S Z & T,
O F 54 2 B e S OB 21T > 72, Asp {IEH D

HILRFUNAEEAF LT AT L E L TRIEMENL
7= Pro-Pro-Asp(OMe) % SBA-15 [Z[EEL L 7= & Z A5k
MK FIZR 5T, HMDS LB ic L v T ) — LBk %
ANEPEAR L 7= Pro-Pro-Asp(OMe)-SBA-15 TIEiEMEDN K
KT L. 2%V, SBA-15 K LTI h R
VIRIIROSTEEDORBRICEE L TE LT, e LAY
Z ) = VENRIEEOR EIZHF ST 52 ERHL
mElpotz. —F, BELY Y Ui T LR L
HAERIEHAE LTz & 2 A, ER O SLASERIR D KR
L7=. IEDOFER LY, Pro-Pro-Asp % L ¥ I [EHE
fEL7SAE, 7a ) URiDA IV HKETANRTFE
/M@%@ﬁ»f%/”%#%ﬁ%ﬁkbf%

T S KDL 2 EHRAITERT D DITH L,
Pro-Pro-Asp-SBA-15 Tid1 I / 3 & SBA-15 ©Fm ¥
T ) —IVIEERERIE AR & 72 0, RIKDMESERIC AR T
HZENHLNE o7

1) A. P. Wight, M. E. Davis, Chem. Rev,, 102, 3589

Scheme 1. A4V X7 F REELARE O A AR EE
i) Introduction of an Asp residue O H
HO N‘Fmoc

O~gj™~"Np, _XOOC ___ Piperidine O~ Sl/\/\N NH,
°d HBTU, HOBt DMF 00/

DMF COOX
H-Asp(OX)-SBA-15 (X: 'Bu, Me)

SBA-15-NH,

ii) Introduction of Pro residues

HOi/>

N
H-Asp(OX)-SBA-15 O Fmoc  Piperidine o\s,/\/\N \n/\N
(X: 'Bu, Me) HBTU, HOBt DMF
DMF xooc
vo L)
o BOC 1. TFA, 2. Et;N C\S,/\/\N)‘j/
HBTU, HOBt DCM
oM X0OC’ o)\ j

Pro-Pro-Asp-SBA-15 (X = H)

Table 1. ~<7F R[E AL AR AUONAIENI S EMD — L B it

OH O
[j/CHO zc:gtg;;/)ét/o w
acetone, r.t.
OoN O,N
Catalysts Time Yield ee Abs. Surf. Area
(hy (%) (%) conf.  (m?g)

Pro-Pro-Asp-MCM-41 24 81 18 R 833
Pro-Pro-Asp-SBA-15 24 69 17 R 345
Pro-Pro-Asp-silica 24 51 17 R 277
Pro-Pro-Asp-resin 24 9 65 s <5
Pro-Pro-Asp(OMe)-resin 24 13 29 R
Pro-Pro-Asp(OMe)-SBA-15 6 94 20 R
Pro-Pro-Asp(OMe)-SBA-15 4 48 19 5

(¥ 7 /= VAR

(2002)%%
2) HH, W&, LR, NEE, B 112 BIAESERS A,
2J03 (2013).
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RSk L=

1. 4
=F T DHNIZ AN 2 TR OT
E =T AFE FCKICIEME S B AKRBEGRKRT 5 2 & T,
Mo-V #HABE Y &L O ks 2 a9 5
el =A4 7 VFE 13k % v 2G5 (LT E
WAEERRAL =47, Bt & v Z)V), Afilitid 400 °C
R ICAK T ToE L0 — R S IC T 5 &
IR Db B CTH®RE 5252 006, K
HTT LU AT v R OULVA ABEOEifil i AE & %
Bl 5 Z iz, 2 AR TIZET VRIG%E
LT, Wk EmR{b =47 « ilb & o ¥ Ok

PERE DRI 21T > 72,

2. =E B
aUB=F LAY E=7 A 6 mmol 2K 40
Liciafg L, 77 n U WNEE O — 7 L—7

\ZAXL, 175 °C T 72 h DKEERREAT > 1=, .

Hrid U7=[EAZ AiE L, 80 °C CTHzk: L C @ikl

WEA =47 %51, EkEEmR (L& > 2 id, Tk

& & JUEE 6 mmol & 7K 10 mL ORREIKIZ., = R

25BN 28% T =T K 1 Y A RN L ChnEl

BEPE L. ZAUTIK 30 mL &N & T2V & (RIS Ck

AR L CE, il=4 78, ¥ X LBRITENE

L CBMM, Z@E#fifbFobozaMiHA L, ¥ hrx

Z —/L® carbonyl-ene s & 1,3-P KXo 7k b

Y (BAF 1,3-DHAYD B FLs~DEs 51, Table 1, 2

DERPIZFEIOEMTITo 72,

3. HERLEZE
K fidfhE 2 FHNC 2 b r 7 —)L @ carbonyl-ene X

INEAT ST T A, TR=F T - Z o ZNVgE

%°C%”%®mﬁ%L%m F7IHFEE A EIENE

ARSI o T DITHR L, 400 °C THER L 7= =ik

EE =47 - B L& v X VLI B ST 2o
L, a7 —LOBRILKTHL T LI —VE%

ZIER 74, 83% DI T H- 2 7= (Table 1), AR IiD
DT AT LRI, BRI R S E ST

Ko TEEZZITEMTIEEZ LN, EEE
WAL L 2 DERITT L AT v REEfETH

épbwzyxwﬁyﬁTﬁz%‘W41%%ﬁT

B LA TIL 147 ERELS Bip o7z, Z RN

AR, EREEERR L =47 C 1.36, mkiEE

fefb# > 2 CTlk1.88 L7220 | p- MV ALK

BRIz VME & 7o 7=y LTZDd o T, ZORRMT

1%, 400°CHER L7 Bkt &b =47 - b & v &

NINT VAT RIBEZREL L= o EHEHI S

72o FT-IR XKOYTPD HIEE L V. T 5 OffliiED A ik

BRICEL Y IAENT=T V=0 AA A U DSINEULE I

FO7 o= L THBET 2 Z ERH LN E RS

TEBY, 2T VAT y RBBROERES 25

N5, &H1Z, WFWNEe RU RBITOBERE G T

1,3-DHA 7 & FLEE A~ DOEEH ST DT b ARl 2

il

MM&V&W®M%ﬁ%%%ﬁ

WZIKT) Ok Mk - S0 Bl - Fil #
WH LT, WEsx it U354, B4k LA
Mol=DIZxt L, mikR=47 @&&Umﬁ(%lﬂéﬁf{ﬂﬁ;

FT WAL BT EDOWT RS R EMEEZ R L
x5 2 72, ABUSIE MPV Bl R U KBTI
BERTETLESZ 0D, ARKISTHW=F
T BB MMEEDBI TR S KL A AL LT
e L., AROCZRELTZ D EHERISN D, 2
5 DOWM IS DFERN G @GR =47 « I{t
BB VRIEE, KT O A A ERARIEERE 2 S B4
5721 T <, 400 °C TOHKMERIZ LY 7L R
Ty FBMHEERBRTHZ RPN ol 2,
DX DR ui e RS REIC Lo T, TR TR
TV AT Y R, VA ABRIC Ko Tl S 52
MG B FBATEDOZEBREOME LGt
i — A OHBRERIC K L CHER it & 72 %
ZEBHBMNE ST,

1) T. Murayama, J. Chen, J. Hirata, K. Matsumoto,

W. Ueda, Catal. Sci. Technol., 4, 4250-4257 (2014)

Table 1. & fikfiE A2 Wic s b e J
carbonyl-ene St D R

— )LD

H Catalyst X X
(Nb, Ta=0.3 mmol)
S T ) +
| O Toluene (3 mL) OH COH
353K,2h
1 2

(3 mmol)
+minor isomers
Pretreatment Yield of ratio of
Catalyst condition products / % 1/2
BREEE{E=—4 T 353K dried 14 2.32
EXEERIE=4T 673 Kevac. 74 1.36
SXREERIES V4L 673 K evac. 83 1.88
HlR=#4 T8 673 K evac. 8 2.00
THERS > % JLEE 673 K evac. <1 2.60
P~ RILT O RILR DB 2.06
Tablet@{c g 2 FHv \7‘—1 3-DHA ﬁﬁiﬁﬁmmﬁ%ﬂ%
o catalyst OH
(Nb, Ta=0.4 mmoll )ﬁ(OH
HO\)J\/OH water (1 mL) o
(0]
(0.1 mmol) 373K, 2h 3
Catalyst Yield of 3/ %
EREERIE=A4T 77
BREERIEY V2L 59
mlR=74 T8 48

Bk n.d.
2) Jok, FH, LM, 5116 [FfitiEtERS, 1H11 (2015)
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Ultrathin inorganic molecular nanowires based on polyoxometalates

(Kanagawa University *, Hiroshima University ™, Tokyo Metropolitan University )

*

oZhenxin Zhang” - Masahiro Sadakane™ - Toru Murayama™ + Akihiro Yoshida™ + Wataru

Ueda”

1. Introduction

Polyoxometalates (POMs) are ideal building blocks
for synthesis of new functional materials and devices.
The fully-inorganic molecular wire-based crystal was
reported. * The crystal can be readily disassembled into
individual molybdenum oxide nanowires. However, the
yield of isolated nanowire was extremely low, which
limited its application. Herein, we would like to report
synthesis of the tungsten oxide molecular wires with
high yield by a simple process. The structural analysis
for the materials was conducted.

2. Experimental

(NH4)sH2W12040'nH20 (10.4 mmol based on W)
was dissolved in 40 mL of water, followed by addition of
Se0; or TeO; (1.7 mmol). The solution (pH~1.5, 1 M of
H,S04) was introduced into a 50-mL Teflon-liner of a
stainless-steel autoclave, which was heated at 448 K for
24 h with rotation. After the autoclave had been cooled to
room temperature, the resulting solid was collected from
the solution by centrifugation (3500 rpm, 120 min). The
obtained solid was washed with 10 mL of water 3 times
and dried at 353 K overnight. Then, W-Te oxide and
W-Se oxide were obtained.

3. Results and discussion

Elemental analysis showed that N: W: Se (or Te)
was 2: 6: 1. Metal ion valence of W-Te oxide and W-Se
oxide were characterized by XPS curve fitting. W ion in
both materials were in the highest oxidation state, WV',
and Se and Te ions were Se"V and Te', respectively.
With consideration of elemental analysis and XPS results,
chemical formulae of W-Te oxide and W-Se oxide were
estimated to be (NH4)2[TEW6021] and (NH4)2[SEW6021],
respectively.

The XRD patterns of W-Te oxide and W-Se oxide
showed broad peaks, which indicated that the
crystallinity of the samples was low. The low
crystallinity of the materials might be due to small
particle size of the materials. Size of materials was
estimated by the Scherrer equation-based XRD fitting,
indicating that the size of both materials was 9 nm in
diameter and 16 nm in length, and this indicated that the
materials were nanowires.

The materials were dispersed in water and
characterized by TEM after the samples being dried.
Molecular wires of W-Te oxide and W-Se oxide with
diameters of ca. 1.5 nm were easily observed, as shown
in the typical TEM images (Figure 1a,b), which were
attributed to single molecular wires.

The structures of W-Te oxide and W-Se oxide were
confirmed by HAADF-STEM. As show in Figure 1c, the
HAADF-STEM image showed the a-b plane of W-Te
oxide. Six white spots surrounded a central white spot to
form a sub-unit, indicating that six WOs octahedra
surrounded one central Te ion to form a hexagonal unit
of [TeWgOxn]*. The size of the sub-unit in
HAADF-STEM image was ca. 1.2 nm, which was
identical to and reasonably could be ascribed to the
hexagonal unit. The a-b plane was not well-ordered, and
the hexagonal unit of [TeWsO21]* distributed almost
randomly. The HAADF-STEM image along ¢ direction
(Figure 1d) revealed that the hexagonal units stacking
along ¢ axis to form molecular wires with the (001)
distance of 0.4 nm. The HAADF-STEM images clearly
showed that the molecular wire aggregated together to
form the particle of the material. On the tips of the
particle, single molecular wires were observed.

Figure 1. TEM images of a) W-Te oxide and b) W-Se oxide.
HAADF-STEM images of ¢) W-Te oxide and d) W-Se oxide.

Reference
1). Z. Zhang, T. Murayama, M. Sadakane, H. Ariga, N. Yasuda, N.
Sakaguchi, K. Asakura, W. Ueda, Nat. Commun., 6, 7731 (2015).
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A STUDY ON THE SEARCH FOR BIOACTIVITY PRODUCTS FROM DINOFLAGELLATE
REHEODEMEENEDHRR
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1) M. Kita, N. Ohishi, K. Konishi, M. Kondo, T. Koyama, K. Yamada, D. Uemura, Tetrahedron. 2007, 63, 6241.
2) M. Kita, M. Kondo, T. Koyama, K. Yamada, T. Matsumoto, Kun-Hyung Lee, Je-Tae Woo, and D. Uemura,
J. Am. Chem. Soc., 2004, 126, 4794—-4795
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Isolation of bioactive substances from the
cultured symbiotic dinoflagellate
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Kawazoe, Y.; Uemura, D. Tetrahedron Lett. 2014, 55, 6711-6714.

—563 —



SEOTERAF RIS YA

Bioactive marine metabolites, yoshiazole and haebaruol

Toshiyasu Inuzuka,* Yoshinori Kawazoe,” Satomi Kobayashi,’
Rie Matsumoto,” Jouto Yabe,” Sachikazu Ohmura,” Daisuke Uemura®
(°Life Science Research Center, Gifu University,
®Faculty of Science, Kanagawa University)

As a result of our continuous research about exploring novel
bioactive natural products, two novel compounds, yoshiazole and haebaruol,
were isolated from Okinawan marine organisms, and analyzed their structures.

Yoshiazole was isolated from the ethanol extract of unidentified
marine sponge, as a potent cytotoxic compounds against HelLa cells. The
structural analysis of yoshiazole was performed with the NMR spectroscopy.
We determined four partial structures, including thiazole, of yoshiazole.
Further structural analysis is undergoing.

Haebaruol was isolated from the ethanol extract of Zoanthus sp., as a

differentiation inhibitor of the 3T3-L1 cells into adipocytes. The planar

structure of haebaruol was elucidated with the 2D-NMR spectroscopic analyses.

The relative stereostructure of Haebaruol was revealed by X-ray
crystallography and its absolute stereochemistry of C3 was determined as S by

the modified Mosher’s method.
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Analysis of metagenomic library from
bacteria in marine sponge Halichondria
okadai.

(Faculty of Science, Kanagawa University; Faculty of science and Technology, Keio
University) O ABE, Takahiro; MIYAMOTO, Kenji; SAKAKIBARA, Yasubumi;
NAITO, Takayuki; UEMURA, Daisuke

Keywords: metagenome; sponge; Halichondria okadai; natural product

Abstract: We isolated a pigment production clone from Fosmid library derived from
marine sponge Halichondria okadai, and succeed in elucidation of new compounds,
halichrome A. Then, we sequencing and analyzing this pigments biosynthesis gene
cluster.

gvaA AR IEREYRKA X T ) LT AT T — DT
(PR RFEE - BEE R PR 1) OFERZEL « B AE . « fil ST - NglEZ -
AR R i

A A ANIZEOWMED R LAEL TEBY . AZ T AEXI LA
EYNCET MR A/ LOICE Th D, BRICEE bIZ Y K)o BY
72 EOEYTEEME ZEN L CX 7= vaA Y A A Halichondria okadai
DAZT ) NTAT TN =T 52 LI L TND, S HITHFLS
WA PERR O BB S L. 93 B PR FERIZB W T L2 (EX),

ZZTARMETIH, KV m—rDr—F v X i
Wra ik Te, AT ORER, A2 v — 345K 30kb
P EThy, A7 v—> 1220 Ll 0D ORF % fif
WL, BUE, SORDTZ2tED T D,

1) D. Uemura, K. Takahashi, T. Yamamoto, C. Katayama, J. Tanaka, Y. Okumura,
and Y. Hirata, J. Am. Chem. Soc., 107, 4796-4798 (1985).
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Studies on the search for bloactlve substances from marine organisms (Faculty of Science,
Kanagawa University', Life Suence Research Center, Gifu University?) OKOBAYASHI
Satomi*; INUZUKA, Toshiyasu®; NAKANISHI Fumika; KAWAZOE, Yoshinori*;
KANAZAWA Kenichi'; UEMURA, Daisuke®

Marine organisms are known to produce biologically active compounds with extraordinary
structures. For example, yoshinone AY, isolated from Leptolyngbya sp., inhibit the
adipogenesis of 3T3-L1 cells. Therefore, marine organism are expected to be rich sources for
medicinal lead compounds. We tried to identify the substances that inhibit the adipogenesis of
3T3-L1 cells from marine cyanobacteria collected in Okinawa. Our efforts successfully
isolated three y-pyrone compounds.

Repellent is a substance inhibited predation. Siphonaria sirius has umbrella-like shells and
living in the intertidal zone. In this work, we attempted to clarify the repellents against
Coscinasterias acutispina from the mucus of S. sirius. From the mucus of S. sirius, we
attempted to clarify the repellents against Coscinasterias acutispina and isolated two
compounds. Judging from *H-NMR analysis, these compounds are similar to each other.
Furthermore, these compounds inhibited HeLa cell growth.

Keywords . natural products, marine cyanobacteria, HelLa cell
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1) T. Inuzuka, K. Yamamoto, A. Iwasaki, O. Ohno. K. Suenaga, Y. kawazoe, D. Uemura
Tetrahedron Lett., 2014, 55, 6711-6714.
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Studies on the Search for Natural Products from Hydrosphere Organisms (Graduate School
of Kanagawa University) OSUZUKI, Tomoya; KAWAZOE, Yoshinori; UEMURA, Daisuke

Dinoflagellates, unicellular alga, have symbiotic relationship to coral or sea anemone and
supply photosynthetic products and secondary metabolites to host. They produce long-carbon-
chain polyols and polyether that are highly oxygenized. These structures are not seen in those
derived from terrestrial organisms. In addition, compounds produced by dinoflagellates possess
strong bioactivity.

On the other hand, halichondrins isolated from Halichondria okadai possess antitumor
activity. Recently, attention of researchers is concentrated on true target molecule(s) in cells
and real producer(s) of halichondrins. Furthermore, Halichondria okadai possesses various
bioactivity substances because much cyanobacteria and bacteria live together with them.

In this study, we are trying to search for novel compounds from large scale cultured
dinoflagellates. On the other hand, we carry out to search for real producer(s) of halichondrins.
Furthermore, we carry out to isolate novel compounds from Halichondria okadai.

Keywords : Dinoflagellate; long-carbon-chain molecule; Halichondria Okadai
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1) M. Kita, N. Onishi, K. Washida, M. Kondo, T. Koyama, K. Yamada, D. Uemura, Bioorg. Med. Chem.,
2005, 13, 5235.

2) D. Uemura, K. Takahashi, T. Yamamoto, C. Katayama, J. Tanaka, Y. Okumura, and Y. Hirata, J. Am.
Chem. Soc., 1985, 107, 4796
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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 Itaru; ONO Akira

Keywords: Reductive condition; Protecting group; Pro-oligonucleotides

Abstract: Oligonucleotide derivatives such as antisense oligonucleotides and
siRNAs 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.
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WD, ZEDIRREED—2I27 e KTy 7 BIA Y IX 7 LAF R(FaA4Y )
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Crystal Structures and Magnetic Interactions of Tetrakis(benzamidinato)dirhodium(TLIIT)
Complexes with Axial Halogens (Grad. Sch. Sci. Eng., Shimane Univ.!, Dept. Sci_, Kanagawa

Univ?’, Dept. Sci. Eng., Kwansei Gakuin Univ.’) OMIKAMI, Saki'; KATAOKA, Yusuke';
KAWAMOTO, Tatsuya’; MIKURIYA, Masahiro’; HANDA, Makoto'

Paddlewheel-type dirhodium(ILIIT) complexes coordinated with halogens have been known
as 1D MMXM-type structures. Interestingly, these angles of Rh-X-Rh and electronic structures
of Rh-Rh bonds can be changed owing to dependence on kind of ligands or axial 1ons, and their
complexes affect magnetic properties within the chain. Recently, we succeeded in syntheses
and structural analyses of [Rhy(bam)yX], (bam = HN(HN=)CPh, X = Cl, Br, and I) and [Rhz(4-
R-bam):Cl]: (R = F, Cl, Br, and Me). In addition, it was revealed that these complexes had
ferromagnetic interaction within the chain. In this study, the single crystal X-ray structure
analyses and the DFT calculations were performed to investigate the origin of the magnetic
interactions of thetr complexes.

Crystal structures of [Rha(bam)sX]x and [Fhy(4-R-bam)sCl], were 1D zigzag-type structures.
In addition, it was revealed that two phenyl groups of neighboring benzamidinato in the same
chain formed CH-m interactions (in only case of R =F or Cl) or n-n stackings. The results of
DFT calculations proved that magnetic interactions of [Rha(bam)sX]: occurred through the
halogens.

Keywords - MMX-tvpe Complex; Ferromagnetic Interaction; mxStacking; CH-x Interaction;
Angle Depandence
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81 A DEELEFLTC.REX RhZFESA RV RERUFSEOETIESEL L.
FADESHERIIEEFT S LS, FfFsid, A7 I 9 — e T AILID
8B {E[Rhy(bam)sX], (bam = HN(HN=)CPh, X = Cl, Br, and I), [Rhz(4-R-bam)sCl]. (R =
F. CL Br. and Me) D& R UEESEITICERTI L. EiTid. EFICEEEEIHEEERH.
BEEL TS LFHLMIILE, FFETR. 2hbo8FomESEEERDSE
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Synthesis, Molecular Structure and Antimicrobial Activities of Silver(l) Complexes with
Hexapodal N-Heterocyclic Carbene Ligand (Kanagawa Univ. Faculty of Science)
OMOROZUMI, Soichiro; SAKAMOTO, Ryousuke; YANAGAWA, Yuki; CHIKARAISHI,
Noriko; NOMIYA Kenji

Reaction of hexakis(methylimidazolium)benzene hexa(tetrafluorophosphate) and silver
oxide in acetonitrile gave a hexapodal N-heterocyclic carbene silver(l) complex, which
was charactarized by elemental analysis, TG/DTA, FT-IR, and solution H,
BBC)NMR spectroscopy. Crystal and molecular structures of the complex were determined by
single-crystal X-ray analysis and its antimicrobial activities evaluated by minumum
inhibitory concentration.

Keywords : Silver(l) complex; Hexapodal N - heterocyclic carbene ligand; Crystal and
molecular structures; Antimicrobial activity
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T, EOPLHEIEMEA T MV DR ST, B G RT & OFEE O S I < K7 L,
BN F ARSI L OBl SN C& 2, D &5, BA T 7 VEUL T L D BOES 2
%5 NHC ZEAZF & U7 8R()EEAR DA B A& AT & OIS ERR $ 17 T
BY . Tk NHC SR(NEEARICIIME SRR A STV 5, IRBFZE Tk, ~%
PR A(TRERAT )R B EL-ATFAAL IFXS—LETE =) VR TRILE
H NHC ANHBENLFRIFEAENT R Z(ATF A IFZ Y VT L)X By ~F (70
FrRAT7 =A 1) (Fig. 1, Ligand 1) Z&R L. Ligand 1 & E{bE4 7 =K UL
PTG S5 Z & TON-EHEBR TV (NHC) ASIENL 12 Xk B8E()85E (Fig. 2,
Complex 1) # & L7, % T2 %V ¥ —3 3 0%, CHN THEHHT. TG/IDTA, FT-IR,
'H, ®°CNMR (2 X 017V, B X SEEMTIC L > To s 2 e L, PLEE
Pz MIC(ug/mL) (2 & 0 FHl L7z, r P& IS, —BER0EEARTH Y 3 2D Ag D
ENHN C-Ag-C B ZEAHL, 2 OF Ag---Ag HAMEM. 1 SN EEEEERD X 5
RREEE A LW, PUEEMRBRORER, N7 U7 4 i, B 1, Ve L
FEIZxF U ChiETETEZ R Lz, E40E NHC (2 X 5 SRS OEE- 15 HEAHRE C©

BTN
N N Ag C

(Fig. 1) Ligand 1 (Fig. 2) Complex 1
1) K. Nomiya, N. C. Kasuga, A. Takayama A., Polymeric Materials with Antimicrobial Activity, RSC, Chapter 7, 156 (2014).
2) mify SRRSOt se. M mt, R R, BPE f@#E 55 5 [Al CS) kT = A P1-057 (2015).
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L f= open-Dawson R FFYAZL—+D
BRENFEE
(Wp2R)IREE) OFF b HEST - kK 7 - BFE 4]
Syntheses and molecular structures of the open-Dawson polyoxometalates containing

vanadium (V or 1V) (Kanagawa Univ. Fac. of Sci.) OINOUE, Yusuke; MATSUNAGA,
Satoshi; NOMIYA, Kenji

The open-Dawson polyoxometalate (POM) is dimerized species of the tri-lacunary Keggin
POM, [a-SiW304,]'" 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. We successfully synthesized three open-Dawson POMs containing
vanadium ions with various valence state. Single-crystal X-ray analyses revealed that the
three open-Dawson POMs containing vanadium were isostructural regardless of the valence
of metals. These results suggest that the reversible conversion of redox properties without
structural change will be possible.

Keywords : Polyoxometalate; Vanadium; X-ray crystallography; Open-Dawson type
polyoxometalate; Redox properties

2 S? Keggin B = /KHFE [0-SiWe03]"" 2% 2 AD W-O-W F5E DK TEfs L7
open-Dawson %! POM 23 ST 5, Y 2 POM OB D EC I3 Rk D 4 g % 33
ATE ERDOEREA A & DRISIZBWTIRIRMEIC & B b2 7L ATHE
%, ABFFETIX, TR VP, VY V™ 2 & T 350 open-Dawson %! POM (Fig.1)
T8, HifESL X B EMEAT OfE 5. 3 -5 open-Dawson 4 POM 1ZB8 A E#IC N )
AN 2 OBASINIEETH T, AT P LD BVS FHEEA V' open-POM? T
1395, V™ open-POM TiZ#J 4, V™ open-POM TidfI 45 L 72 -7z, £7-. UV-vis
£ 0 V¥ open-POM (2 D Al AN IVCT BBl STV B = ORATRFETH Y |
Robin-Day D33 Tix, 7 7 X
2210 ThdreEXLND, 3

> open-Dawson ! POM 4"~ e, -H' -, +H
T2 open-Dawson === k(I — —)
FUY L2 SR EA LTS — o
e ’
T B 72D T open-Dawson 7!
S e NI — Ll
POM O CRLE LA FTRE Fig.1 V** open-POM V** open-POM V*® open-POM

HHZEETLTND,

1) N. Laronze, J. Marrot, G. Hervé, Chem. Common. 2003, 2360-2361.
2) N. L. Laronze, J. Marrot, G. Hervé, C. R. Chimie. 2006, 9, 1467-1471.
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Dawson B/R 1) BBIE=SA D H FiE &
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Molecular structure of novel trimeric, trl-tltanlum(IV) substltuted Dawson polyoxometalate
bridged by Ca?ions (Fac. Sci. Kanagawa Univ.) oHOSHINO, Takahiro; MATSUKI,
Yusuke; NOMIYA, Kenji

Novel trimeric, tri-titanium(lIV)-substituted Dawson polyoxometalate (POM) bridged by
Ca®* ions was obtained by a reaction in aqueous media of monomeric,
tri-titanium(IV)-substituted Dawson POM with CaCl, and characterized bz/ complete
elemental analysis, TG/DTA, single-crystal X-rays structure analysis, FT-IR, and **P NMR.

Keywords : Monomeric, tri-titanium(IV)-substituted species, Dawson polyoxometalate
(POM), Trimeric POM bridged by Ca®* ions, Single-crystal X-rays structure analysis

1. ¥E M8 T, Dawson BUR U R O =
KRIBFEICTF Z L (IV)3 OB AIAENTZT &
(IV) =& #i Dawson 27K U BRI DO 24L& H 0 U &R
(Fig. 1, T-1) AR EN TS, VT-1 2T
KRS HZ LT, FH /(lV)iEﬁi@%%ﬁ: (Fig.
2, Monomer) 235415,
L2 L. ZHE TIZ Monomer ORGSR 1L S
LTV, ABFFETIL, Monomer D& R & i Fig. 1[{PZW15T|3(OH)3059}4{T|(OH2)3}4C|]21
b2 B L L7722, Monomer (35603, 4
FTIZRWHBILAEY (Trimer) 35 57z 7=bs 4
5o ¥¥ 772 — 3 0% FT-IR, 2L EHHT.
TG/DTA. Hifhdh X Bt EmsT. ¥PNMR TiT - 7=,
2EBR-AER-ZE pHIL0 (CFHEE L IR K IRIEIC .,
PHL0.7~11.0 AR 5 7278 & T-1 & i L 7= il & b - <
DNz, BHEL, Sk, KCI & CaCl, &Nz, Hiwtk _ .
(90 C)“Cj][]?ﬂ L. Wat%. 2 AfAn—o KL — g Fig.2 [P2W151_I3059(OH)3]
VI T b CHEEANCIREE L & IR 72.0 % TR L7,
S AL X A E AT OF5 S, H1EI1EX Monomer 3 O3
Ti-O-TifiATHA L., Ca¥" 1M A 4> THEES N =&
AHEETH Y (Fig. 3, Trimer), COZ A 4273 Ca® A A4+
3 D&HUEL T, ZO=8KITA E TITHIEMT S
Nizflix7evy, FT-IR O#EFE, 679 cm™ fHEIC Ti-O-Ti fi
BICHSRE@ A R BI S, £72, 1450 em™ f+F
UTIZ C-OFEAICHES < EE N R & 7=, TG/DTA
O A “KsCan[(P,WisTis0s1)sCa(OH,):{Ca(OH,),} -

(Us-OH)(CO3)]-60H,0” & HEE L7z, HAERITLHRE T 21K Fig.3
P CTH D,

1) Y. Sakali, et. al., Chem. Eur. J., 9, 4077 (2003).
2) Y. Sakai, et. al., Inorg. Chem., 50, 6575 (2011).
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FLAYTEERA AV ERDFFVICH
WEFE2UUV)ZE# Dawson BR 1Y ERIEH
EXDZELL
(PRI KRE) O HMES - K - e fEFE
Oligomerization of Di-Ti(IV)-substituted Dawson Polyoxometalate Monomer with
Alkaline-Earth Metal Cations
(Fac. Sci., Kanagawa Univ.) O MASUDA, Kana; MATSUNAGA, Satoshi;
NOMIYA, Kenji
Dimeric species of di-titanium(lV)-substituted Dawson POM was formed by
adjusting pH to 4.0 of the solution containing the monomer using barium
hydroxide.
Keywords : Dawson Polyoxometalate, Di-titanium-substituted monomer,
Oligomerization, **P NMR, X-ray crystallography

s FAVUEHE (POM) o B ERILICE S ZELICE Y., ZEMERILE
TLREET AT o  BEREEET LI LR ARTHDL, ZDOH POM
ZEEROAEEPEE - AIE, T/ A RICmMIT TR CTEERT —
~ L EZ %, Dawson ! POM AR FE [a-HoPaW1,048]"F & TiCly 0 6 AL L
7= Ti(1IV) — & #2 Dawson 8! POM B & /& [a-P,W16Ti2(OH),0s5]° (Monomer) %
PHAICCZEBILT . T4 THLIZT AV ERA L OA 4 0 P8R
IS L THEO R RS S EENERT S 2L 2L L, VLY, N OB
& 1% Monomer @ £ E28{ LA WnA, KY, Rb*OH4 . Monomer 28 Ti-O-Ti #
A TERAL LB EE Ka[(a-PaW1gTio060)a(H-0)4] (Cyclic tetramer) X
OERIR N E IR Rbgg[(0-P2Wi6Ti060)6(H-0)6] (Cyclic hexamer) 23 % & 4
KT bt EMbnic L, DAMETIE, TABY LEEBA A XD
F A AT H W T Monomer O 2 &L EZAT W Xt TF A DA A U ERE N
L EBEEICEZDEBLEMT-, B lcky —BAENE LN,
EBR-FER - ER 10 MIERBE T T Dawson & POM S K HEFE & TiCly &
Ek 110 TRIGESHDHZ LT,

K-Monomer #%7- (UL 25.0 %) %. pH 4

A AR CTxt o F A B HIC R #

L Hg[a-P,WiTiz(OH)4058] (H-Monomer) %

& L7=, H-Monomer @ /K ¥ ik % M(OH), H-Monomer Dimer

(M = Mg, Ca, Sr, Ba) T pH 4.0 lcFdk L7 Fig-l A@FA B Ba®*® 3 & O
G o o Mg, Ca®, Sr2 o B 4 Monomer @ % & {k

— ML % H Monomer DFE EThotm, —FH. xtA A BaP o
BT O AT M SRR A 0 X KRS 1E fE AT O 5 5L . Monomer 23 1 -5 @ Ti-O-Ti
mAa T Bk L., b o TAV)Y A4 b2 Ti-OH © — & (K
[(a-Po;W1gTi2(OH)Og0)2(H-0)]1*% (Dimer) Tdh 5 = & NHA B M & 72 o 7=,

1) B HEEL, Krgsr, RAZER, ki, BEE., B A LFEEEMUREFTES, 2PB-010
(2014)

2) WH SR, Bk, BEMfE. AARLPERESRCSHEYE T = A ¥, P4-022 (2015).

Ba2+
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5 vhy T T FI%E ALz open-Dawson
BRYAXYAZL— FADEHEREDEA

(FR)IIREE) OFAK BE - H b M - Kk G- Be e

Introduction of the organic functional groups to open-Dawson Polyoxometalate using silane
coupling reagent (Fac. Sci., Kanagawa Univ.) OYOSHIMIZU, Takumi; INOUE, Yuusuke;
MATHUNAGA, Satoshi; NOMIYA, Kenji

Polyoxometalate (POM)-based inorganic-organic hybrid compound was synthesized by
incorporating organic chains having terminal thiocyanate groups into the open pocket of
open-Dawson polyoxometalate. The molecular structure was determined by X-ray
crystallography.

Keywords : Open-Dawson polyoxometalate; Organosilyl Group; Inorganic-Organic
Hybrid Compound; Thiocyanate Group;

T4, open-Dawson 7R Y A% A % L— K (POM) [{K(H,0)4},
{K(H,0)}0,0-SiW15066] > ¥ (L, Fig.1) SN TIHY . Z OB HE
CHix ORI T EEAIKL Z LMo TWD, —FH, v T
Wy 7Y 7HNT L BT RIERPOM O RIBEALICHEF LT
POM 2341 570 CW % A3, 2 open-Dawson % POM DB A& 25 >
TV THNCK D EH S ORI TE DS, ZRICKY _
open-Dawson i POM |-G 0 4 JB S5k 0D J ple S it O MEREMESY T & @@ﬁolecuggfs’t e
7o EERAEEROBEN I NS, HAFJEEE TlX open-Dawson i
POM OB HHC 7 = = W EE R OV VAR % o i 2 HHRR U 7 - 1%
AT U R POM @ [K{K(H,0),H{K(H,0):}
0,0-Si,Wi1506s{O(SIR),}® (R = Ph, ((CH,),COOH)) DA, HeXEHRHT
R LTnB, Y

AHFFE Tl open-Dawson % POM D BE A BRI #7222 K B REHL
MAZANELLEZF AT TR FrEL M) bR Tl Fig.2,
DRI B F AT S bEEHEE S H - open-DawsorMdiécuk@datructure
[{K{K(Hzo)s}{K(Hzo)s}Oﬁ,a'Si2W18066{O(5i(CHz)SSCN)z}]g_ (2, Fig.2) DA R, REIEAEHT
ZRED LTz X RIS ARAT ORGSR D GBI DA At L CRERIC T A4 7 M
AT LIEE-HHNA 7Y » RELPOM TH D Z ERH LN 5Tz,

1) N. Laronze, J. Marrot, and G. Hervé, Chem. Commun, 2003. 2360-2361.
2) C. N. Kato, K. Kasahara, K. Hayashi, T. Yamaguchi, W. Hasegawa and K. Nomiya,
Eur. J. Inorg. Chem., 4834, (2006).
3) R OKHL, H B HE, Ok G, B EE, AAEFSE 95 HEES, 2015, Abstr., 1PB-
003.
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Zr (IV) &8RS (POM) ZI)LA R EEfRIE
ELEEKEEBRERTORWLTIL F—ILKEG

(FZRNRE) Ol IE - — 7 B5L - mE = - B @+

Mukaiyama aldol reaction in aqueous media catalyzed by Zr(IV)-containing polyoxometalates as
Lewis acid (Fac. Sci., Kanagawa Univ.) OFUNAKOSHI, Atsuki; ICHINOSE, Tomohiro;
TAKAKURA, Akira; NOMIYA, Kenji

Abstract : Mukaiyama aldol reaction in aqueous media catalyzed by tetra Zr(I1V)
cluster-containing Keggin and Dawson POMs as Lewis acid was examined. High anti-selectivity
of the products using various F-containing aldehydes was observed.

Keywords : Zr(IV)-containing Keggin and Dawson polyoxometalates (POMs); Mukaiyama aldol
reaction; Aqueous media system; High anti-selectivity; F-containing aldehydes

BE UMIEETiIRIAETICHEA0 2V S4AK Y B
(POM) % fifif & U 72 & /KIB G ISR TomiL 7 v R—u
i (Scheme 1) 24TV, F OfiEME A2 s L CT& 7=,
D =6 ORGSR Ul A AR I S nCn g &
Bz, AR ClIfititicfEe o zrY &4 Keggin Y
KO Dawson % POM Z VN, RGEBICE 7 vET VT
b RZ WIS 21TV, anti, syn S-RPEEZRRE L7,
LIk RS LT {Zn(H0)i(-OH)(s-O)o}a-1.4-PWigOzr)]
D Xz [{Zr4(H20)4(H-OH)z(usjo)z}(PszOsg)z] (2 12.5 pmol,
FOSHEEE LTRUAT VT e RUTE 7 vFET /L7 K 05 Keggin POM (1) Dawson POM (2)
mmol, (2)-1-7 = =/L-1-F U AF1imaFx  »

v 7as3-1-= > 0.5 mmol & 7=l ©)v " __POMCatalyst ’
TV K=V EITV, MORIEE & POM T _ CHyCNH,0, 24hrrt )

Faﬁ@$ﬁﬁf/ﬁﬁﬁ7ﬁ> anti, syn i3 BIRME, TEPEIC

R
Scheme 1. Mukaiyama aldol reaction

VAR % oy EaN
M ) Table 1. Results of catalytic reactions

fi ﬁ%ﬁﬂ} 2 #‘éﬂ % Entry  Catalysts Substrates Conversion (%) TON anti: syn ratio
;“{O (Et?/le ;)7 i;? 1 Na-(1) benzaldehyde 64.0 256  84.8:152
R %:}im%’féf - 2 Na-(1) 3,5-difluorobenzaldehyde 82.2 33.0 88.8:11.2
FH U f:i}%é\\ Ut 3 Na-(1) 2,6-difluorobenzaldehyde 84.2 334 928:7.2
50 ﬁﬁﬁi (Na-(l), 4 Na-(1) 2,4,6-trifluorobenzaldehyde 75.1 30.1 93.2:6.8
Li-2)) T% anti, 5 Li-(2) benzaldehyde 20.0 8.0 875:125
syn thi3Ky 85: 15 6 Li-(2) 2,6-difluorobenzaldehyde 26.2 10.4 93.2:6.8

R 7”_O E N Reaction conditions : catalystts 12.5 umol, substrates aldehyde 0.5 pmol, r.t., 24 hr,

A7 wFET LT B acetonitrilefwater = 4.5 mL : 2.0 mL mixed solvent

R (Entry 3,4,6) AR THZ L TELLOMBETE anti:syn IR 93:7 LleoTz,
ZHITEENDO 7 v RIRA LD Zr-H A MTRAL TV D HO DAKRFERFF DK
FREESICLV T AT e FRBEEIN., Y > ) =)o —F )VOREEES 5 H R NR
ESNTZT-OTHDHEEZBND, Entry2 2BiT, 7 v ER T OEWAE (3,5-fix 2,6-
fir) b anti BPPEICHEL KITTZENDNDL, ZNHDIENL, XUXTATE R
(CBAT D EHELD Zr-Y A F D H,O0 EAHAAMEM L, &M T2 < anti, syn b 21k
T 52 ENRB ST,

1) K. Nomiya, K. Ohta, Y. Sakai, T. Hosoya, A. Ohtake, A. Takakura and S. Matsunaga, Bull. Chem. Soc. Jpn, 86, 800 (2013).
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Alkane Oxygenation Catalysis of Nickel Complexes with Oxazoline-based Bidentate and
Tridentate Ligands (Graduate School of Engineering, Kanagawa University) OIZUMI,
Takash; JUN, Nakazawa;, HIKICHI, Shiro

In recent years, efficient catalyses of various nickel complexes have been reported toward
selective alkane hydroxylation with mCPBA. Our mechanistic investigations have revealed
that the O-O bond hemolysis of a Ni-mCPBA adduct yields an active Ni-O species and
following oxygen atom transfer to aliphatic C-H groups proceeds within the coordination
sphere of the nickel centers. In this study, applicability of a series of oxazoline-based ligands
L1~L4 as the supporting ligand of nickel catalysts for the selective alkane hydroxylation
with mCPBA has been investigated.

Cyclohexane was employed as a model substrate and the catalytic activities of the
generated nickel complexes were examined. The activities of the Ll-based catalysts
depended on the X of the Ni(II) salt precursors and the order of activities according to the
type of X was Br > OAc >> BF, ~ 0. Also, the structures of the ligands affected the catalytic
activities. The order of the ligand-dependent activities were L1 > L2 >14 > L3.

Keywords : Chiral bisoxazoline ligand; Ni complex; Alkane oxidation; mCPBA

., Rkx2% L — MEAL T2 F 9 5 Ni 854605 mCPBA #BR{LA &+ D570
KBRS IC BV 2R EAHESh TV D, YHEETIk, ZoT7 v
1 2 KBRS OBHERENT B D M2, SUSH R T d 2 Ni(ID)-acylperoxo SE{& DR
HIZRRIIT5 L b, 20 00 HBAEBRARICI VAT 5 Ni-OREBREHET VI I
BERAFMLTWD L0 LHEE L D, AR T, e RERERGICEREL
TWBERLAXY VY VBN F2F T 5 Ni $5EAEIC- OV T . mCPBA ZER (LAl & 7
LT NVH BRI IC R @A E RE LT,

v 2 A %% Y UENLTF L1~L4 I Ni(ID¥ENiXy; X =Br, OAc, BFE) X EH ¥ 5 Z

& T in sity TRAE I KB OWVWT, BEANZ mCPBA, 7 a~Fxi - &2%F
FLEEL LT, MEEEDR 7Y —= T %fTo7, L1 E N2 1:1 &Lk
& D308 KIZH1T 2 AIEE % LB L2 B 4. R R -
X ORI U IS DS Br > OAc >> o\‘>§,o ok J_o
BF,~0 Thote, 22 TX=Br& Leiry “~Ch A= (VY L)
MR DB OEEZ B L L 25, AT R R PR, P
FIECEFFNI LI > L2 >L4> L3 Tholr, rhmopeirn e

L3:R'=Me, R2=H,R¥=/Pr

1) (a) S. Itoh et al. Dalton Trans. 2007, 1120; (b) M. Palaniandavar et al. Dalton Trans. 2011, 40, 9413.
2) S. Hikichi, J. Nakazawa et al. Dalton Trans. 2013, 42, 3346; J. Am. Chem. Soc. 2013, 135, 6010.

Copyright(c); 2016, The Chemical Society of Japan
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Development of immobilized nickel complex catalyst based on bisoxazoline ligand and their
catalytic activities toward alkane oxidation (Graduate School of Engineering, Kanagawa
University) OKengo Sakamaki, Jun Nakazawa, Shiro Hikichi

Heterogeneous immobilized metallocomplex catalysts have been attracted because of their
reusability. We have developed immobilized complex catalysts by using the click reactions
between chelate ligands and azidopropyl-functionalized mesoporous silicas. And then, by
employing chiral ligand units, we expected that immobilized complex catalysts would be
adaptable to asymmetric oxidation of alkanes. In this work, we synthesized immobilized
complex catalysts based on chiral bisoxazolines that have been employed as ligands of
complexes for asymmetric reactions. Their catalytic activity was examined by cyclohexane
oxidation with mCPBA. As a result, we found that immobilized complex catalysts based on
bisoxazolines have high activity and alcohol selectivity at 35 °C like homogeneous model
complexes.

Keywords : Immobilized complex catalyst; Bisoxazoline; Mesoporous silica; Alkane oxidation

SEOARI % E A ARICEE L R — REE SRR IL . B— REEMEARE & e
LTERBIZBFHATTETHD Z LNLERBIIFRINTWS, A id, SR OX
FBIF %27 Y REEBMAYR—F XY IREKIZIZY v I/ RISERAWVWTEET S
ZE T, BEHEEMEEART A EERATE Y, £ LT, mCPBA ZE{LA
& LT v v ARBAUROSIZIEE 72 B EAL Ni $EAARIE D bis(2-pyridylmethyl)amine
fiFar=—y b%, BRABRERFERRSOEMFE LTHWONRZEXT XYY &
BOX)2 = MIT 3 I & TAREMIC b EIS FTRE 22 B B Lo (Al i 23 & R FTRE &
RrBEEZT,

PR T, T a AELVELET 1) “click”, Cu cat.
%BOX L7V REfEMiA Y HK—F % P N3
Y BEZY v IRISIZE VIERL. gk,N N
Ni @REZEASE 2 L CEEL f%&;

Ni SEEARE S SRR LIz, TAHMCR ) 2) Ni(OAe),
FBALRISDOTFHERE & L TmCPBA

FELAIE LIz u~FH BBk

R EfTo R, I5CICBWTEWEMLENE - TLrva— V@& REE R L, B—F%
EFINTHD NI TV VNELZFTS BOX 2ENMF & Lz Ni 88 L REE Ot
EHERRLEZZEND, VY HEERE EIC NiSERERLTWS EHESINS,

° 4H2O

1) J. Nakazawa, T. Hori, T. D. P. Stack, S. Hikichi, Chem. Asian J. 2013, 8, 1191.

Copyright(c); 2016, The Chemical Society of Japan
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Ligand substituents effects on formation and reactivity of mononuclear cobalt(III)-superoxo
and hydoroperoxo complexes (Graduate School of Engineering, kanagawa University)
ONISHIURA, Toshiki;CHIBA, Yosuke;NAKAZAWA, Jun;HIKICHI, Siro

Mononuclear cobalt(IlI)-superoxo complexes with bidentate bis(imidazolyl)borates (L¥)
and tridentate hydrotris(pyrazolyl)borates (Tp™>*®) have been characterized successfully.
These cobalt(Ill)-superoxo species react with a H-atom donating reagent AZADOL to give
the cobalt(Ill)-hydroperoxo complexes, which are characterized by UV-vis, ESR, and
resonance Raman. We have investigated substituent effects of the ligands (L* and TpM**%)
toward reaction rates of cobalt(Il) precursor with O, as well as the cobalt(Ill)-superoxo
complexes with AZADOL. When L™ is employed, steric hindrance around the O, binding
site becomes low and the formation rates of the cobalt(Ill)-superoxo and hydroperoxo
complexes are increased. The electronic nature of R of Tp™*>* also affects the formation
rates of the superoxo and hydroperoxo species. An electron-donating Me substituent
accelerates the formation of the superoxo complex, whereas an electron-withdrawing Br
substituent increases the formation rate of the hydroperoxo complex .

Keywords : Cobalt Complex; Superoxo Complex; Hydoroperoxo Complex; Raction Rate

W ETIL 2 BEREMNF TH B4/ IF Y U ARL— b (= BAm"™),Me(X)] ;
L* : X = OiPr, Me, nBu, Ph) &, 3EEREMNTFTHDH NI ATV YUARL— k(=
[HB(PZM2*R),] ; TpM**R : R=Me, H, Br) 7> 5 72 5 Bik% Co(I$hfh & BAFy 7 & ORUE
TH U 5B Co(llD-0, #EEAXDOREICRII LTV 3BV, KB TIE 1M & ARE
FHEE LRSS ®DIETEL D Co(lll)-OOH $EEQRM™DRIEIZRII Lz, F|iZ,
1R PXROAERFEEN, LXBL O PR EOBBRE X, R IEKFELTWAI L ER
H U7z, 290 ML OBRE ST ORIV ER %25 2 5 X=Ph OHE 28k
1,2 L HICEREERKEN-TZ, —F, EFHOEEORIEICES TSR ELTET
W3 ETH?D Br EALEFE, O, 8 1 OAREEIIKT 50 & IIRRBIC
OOH $8fk 2 DAEREE XM E L7z,

R R AZADOL AZADO R

R oy o v Bty

Srlme . O iy, _ S s

N‘N/ “N=¢B NBN/ ¢ N‘RN/ OB
\;}_u\ SeNa \;‘*;_s\ 0,0 SeNa \}___.,\ 0,o g

o W
[Co™ LX)y (TpM2R)) Co(III)-superoxo complexes Co(IIl)-hydroperoxo complexes
L*: X ="Bu, Me, O'Pr, Ph 1XR JXR

TpM*>R ;R = H, Br, Me

1) T RS, T AR, R R, S RER BAR(RZERE 95 BIFRFESR 2015483 A
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Efficient Decomposition of a New
Fluorochemical Surfactant: Perfluoroalkyl
Disulfonate to Fluoride lons in Subcritical and
Supercritical Water

(Faculty of Science, Kanagawa University)
OHORI, Hisao; SAITO, Hiroki
Keywords: Surfactant; Fluorine; Alternative; Subcritical water; Decomposition

Perfluoroalkyl surfactants such as perfluoroalkyl sulfonates (C.F,..:SO3") 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;SO;, PFQOS) 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.

Perfluoroalkyl 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 perfluoroalkyl sulfonates because the former
have two SOs 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.

Herein we report on the decomposition of a typical perfluoroalkyl disulfonate,
“0O3SC3F6S0O5, in subcritical and supercritical water, in the presence of an oxidizing agent
(O,) or an iron-based reducing agent (zerovalent iron or FeO), and the results are compared
with results for a perfluoroalkyl sulfonate, CsF;SO5;, which is also used as a PFOS
alternative surfactant. ~ An effective methodology for the decomposition of the
perfluoroalkyl disulfonate to F ions is presented.?

1) UNEP, Guidance on alternatives to perfluorooctane sulfonic acid and its derivatives,
Report of the Persistent Organic Pollutants Review Committee on the Work of its Sixth
Meeting, 2011. 2) Hori, H.; Saito, H.; Sakai, H.; Kitahara, T.; Sakamoto, T. Chemosphere
2015, 129, 27.
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Visible-light Induced Decomposition of
Monoethanolamine in Water with Graphitic
Carbon Nitride

(Graduate School of Science, Kanagawa Univ.}, AIST?)
OWACHI, Shohei*; SANO, Taizo?; HORI, Hisao"?
Keywords : Monoethanolamine; Photocatalyst; Visible light; Decomoposition

Recently, graphitic carbon nitride (g-C3N,), which can be easily prepared by heating of
nitrogen-rich compounds at 500-650 °C, has received much attention because it can act as a
photocatalyst for water splitting and NO oxidation, etc.!

Herein we investigated the visible-light induced decomposition of monothanolamine
(MEA) in water by g-CsN4, which was prepared by condensation of melamine. Four kinds
of g-C3N,, that is, as prepared sample from melamine (Std-g-CsN,), g-C3N,4 obtained from
hydrothermal treatment of Std-g-CsN, (HT-g-C3N,4), Pt-loaded HT-C3N, and Ag-loaded
HT-CsN,4 (g-HT-C3sN,-Pt and HT-C3N4-Ag, respectively, where the content of Pt or Ag was ~1
wt %), were used for the reactions.

Aqgueous MEA was efficiently decomposed in the presence of each g-CsN, by visible-light
irradiation (>380 nm) under oxygen atmosphere (Fig. 1; Table 1, entry 1), while MEA
showed almost no decomposition in the absence of either g-CsNy4, oxygen, or light irradiation
(Table 1, entries 2-4).

As decomposition products, NO,”, NO3~, and HCOOH were detected in the aqueous phase.
Details on the products are shown at the presentation.

Table 1. Remaining MEA concentration under several combinations
between catalyst (HT-g-C3N,), light irradiation, and added gas °

Light Remaining MEA

Entry  HTGCNe o diaion €% (mM) [ratio (%)]
1 present present 0, 3.65[72.5]
2 present present argon 4.85[94.1]
3 present none 0, 4.89 [94.8]
4 absent present 0, 4.75 [96.6]

& Reaction time, 17 h.

Fig. 1. Irradiation-time dependence of MEA
concentration. The aqueous solution of MEA was
irradiated (>380 nm light) in the presence of each
g-C3N, catalyst under O, atmosphere.

1) Sano, T. et al., J. Mater. Chem. A. 2013, 1, 6489.
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Oxidative Decomposition of Fluoropolymer
PCTFE Using Supercritical and Subcritical
Water

(Graduate School of Science, Kanagawa University)
OFURUSAWA, Yuki; HORI, Hisao
Keywords: Fluorine; Decomposition; Supercritical water; Fluoropolymer

Owing to their high chemical and thermal stability, fluoropolymers, olefinic polymers
in which some or all of the hydrogen atoms are replaced by fluorine atoms, are used in
industrial equipment to impact corrosion resistance. Wider use of the fluoropolymers will
require the establishment of waste treatment. These polymers can be incinerated.
However, incineration requires high temperatures to break the strong C—F bonds, and the
hydrogen fluoride gas that forms can damage the firebrick of an incinerator. Thus, in
many cases, the wastes of these polymers are disposed of in landfills. If the polymers
could be decomposed to F ions (that is, mineralized) 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 CaF,, which is a raw material for hydrofluoric acid.
Thus, the development of such a method would allow the recycling of the fluorine resource.

Herein we report on the decomposition of a typical fluoropolymer,
poly(chlorotrifluoroethylene) (PCTFE, —(CF,CFCl),~), by use of subcritical and
supercritical water."  An effective methodology for the decomposition of PCTFE to F
ions and details of the products (including gaseous minor species) are presented.

600

TE;» 50 - | OF O Figure 1. Temperature-
g 400 + | OCO, 0 dependences of the amounts
= 30 [ | ACI o % of the main products from the
é 200 | A decomposition of PCTFE in
< g0 L subcritical and supercritical
0 Q A . water in the presence of O,.
250 300 350 400

Temperature / C
1) Hori, H. et al., Ind. Eng. Chem.Res. 2014, 53, 6934-6940; 2) Hori, H. et al., Ind. Eng.

Chem.Res. 2015, 54, 8650-8658; 3) Furusawa, Y.; Hori, H., 38th Fluorine Conference of
Japan, P-07, September 2015, Tokyo.
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1PA-46 EH- B HH%

BIVLT 20— b A ERBEMFET HR DI LRIEBROBES L UM

(SRARBEEL' - RIARE’- BFAEL - FRIKREBOAHF BT -E FA'-A

G5y s S =2 S

HE K& - BEEE® - K 26t 3@ B

Structures and Dynamic Behavior of Rhodium Dinuclear Complexes with Formamidinate-bridged

Ligands

("Shimane Univ.; Toho Univ.; *Kwansei Gakuin Univ.; *Kanagawa Univ.) Yuki IDE," Takahisa IKEUE,! Yusuke KATAOKA,'
Mikio NAKAMURA, 2 Daisuke YOSHIOKA,* Masahiro MIKURIYA,* Tatsuya KAWAMOTO,* Makoto HANDA. !
Abstract: Rhodium dinuclear complexes with NN '-diphenvlformamidinate ion (R.-pf). and 1.5-cyclooctadiene (cod) or 2.5-norbomadiene (nbd),
[Rh[(Rmfpf)(cod)]; and [RhI(Rmfpf)(nbd)]g were prepared, characterized, and their crystal structures determined by the X-ray diffraction method. The dynamic
behaviors in their solutions were investigated by dependence 'HNMR spectra in CD,Cl; solution under the low temperature condition.

[FFag] NN-P 7 == FA AT I
GF— A TV Rppf) B 15T B
FFEFFT o (cod)i BT 25-7 00
FLF Pz ombd) 2 BEEFET 51
< T A (D) Z B # F [RE(4-Me-p) :
(cod)]> (1). [RH'(4-Me-pf)(nbd)]> (2)1% 7 e R
Y5 H B RE R phIDER K 1 T
DEIEEL LTHENTNER, £0 L
HEITONTOBEF 2o R[] &
. Fall, 1B I UROERRETO.
HERETHEFH LM LR Fig 1IK10R&EET =1,
FHFETIE. COCLIBET. EERET T, 18X IORET
F'HNMREIE T, BiET LRI 59T <-0TH
E75,

[Z8] AL AT IV HRep)) 27 FELFH T T LEES
O RAZVEIED, [REClcod) E i [RNClnbd) 202, =
ETHER - BEE~FHFMABETLILT, EFID2 Y
UL TSI L2 EENEAES, EETE HNMREIEIZL Y
BoNEALT FADLERERETY. BEEEEZFAF
—(EAGE) 2 ¥ DT A—FEEHR L,

Fig. 1. Crystal structure of 1.

[#%%] Fig. 2iz1®D
cod-CH @ 213~273K

21T 5'H NMR® w00s
BHAT Pr@E N N | e
HEAT FAb)E | T

RY. BEIASs R JULmx | soe
M) T, 273K T, S G TR

2ED LT FANE
ElEn7=p8, 213KT
E. VOFABRSEL, 4EDVIFAL LTERBENE, (b)
DEFEFIZIVEEELB T ZEEEREBPERES N, AGT
fE1E51.2 klimeol (298 K)X EHi E# 7z, FERIT. 20nbd-CHOET
EF{Tom#E,. AGTEIT434 kimol (298 K)EEHEMN. 1
I 0 L8 kimol/hEWVW T EHEBA LMo, TOERRL.
o P 0 A(DA A B L Ty Seod Eabd D FEESIEDE N
BAGEIZEEBFEZ TWAZ LEREENT. F£EE T
'HNMRIZX AEF L HEA~7 PSRBT LD LT, BiEF
BT ABHZHOA = A LFHEHITEET S,

[11P. Piraino et al, J. Organomet. Chem., 224,305(1982).

RIFF L, Et4EREE L EHIRS(ER). 1Ad-06(2014).

Fig. 2. 'H NMR of (2) observed spectra and
(b) calculated spectra for 1. respectively.
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NiSOD DETILEEADE R & B1iE
(HENKEB)OFFE - IlXEH

Synthesis and Catalysis of Model Complex for Nickel-Superoxide Dismutase
(Kanagawa Univ.) Takashi SHIMODAIRA, Tatsuya KAWAMQOTO
Abstract: Several nickel complexes obtained by heating a Schiff base complex with chlorine atoms at 2,3,5-positions of the pendant

phenyl groups have significantly different properties from one another.  Here we report that the properties and the catalytic activity of a

nickel(I[) complex with the structure similar to reduced form of nickel-superoxide dismutase (N150D;g) that has a nitrogen atom closed

to axial position of square-planar nickel center.
[ET] =v Bkt FakEE (NiISOD) 1%, Fi
SEOBETER (NN |7 Lo Tk 7T =+
(0;7) ZiBEHEAE (H0,) r4FHEE (0)) ~EF
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IRETIIEABILAE T == LED 26 L7 v EE
FEEFTLV v 7EE- v () #EORE-—7vE
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WRIC Lo TNz v/ (M) _EskEicEid
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AR ZEHA L= 0 A2 )ENS O AMDEARRREIZ L AKM b DKERE
Brh, IR E

Hydrogen Generation from Water with Cyclometalated Palladium Complexes under Visible Light
(Kanagawa Univ.) Yin-Nan YAN, Katsuya MIYAGAWA, Tatsuya KAWAMOTO

Abstract: In order to develop new water reduction catalysts, [Pds(1-nabt)s] (1-nabt=1-naphthylmethyleneaminobenzenethiolato) with

cyclometalated tetranuclear structure were prepared and the catalytic activity of these palladivm(Il) complexes were examined in the

catalytic system composed of a photosensitizer and a sacrificial reagent.

[#T] hiE, EESIUVRERER DA L, 77
—RIFAFEORBIIEVELEFELR TS,
L bifkoXrBERREE, KRBtz FAAF—5FALT
MREVZ V- BT HFAF—ETHIAEFEILEED Z
b, BEERICATEEETHARECDL2TH D,
Fimbid, BlioiF vy rBEFA2dLeBizh o i oA
FAbEESECEEEEFT T I EFRE L. LT,
fEOEa L EEOREEFEHEL T, MELREERER L
DL r T AR AT O AAD UM [Pdy(1-nab)s] (1)
(1-nabt = 1-naphthylmethyleneaminobenzenethiolato) & fE2L L,
IREEFAEL LT, RERA M SHA P GhEET
NFaR—FR P VATAIZIY, KOXEBTREICZL
HkERBEFRL,

[Z=8)] B0 FEIZI ST lnabt BIFE2ET58E 1
FERLE. BonftFIEERE X SEdaislv
CHN TE4#T. UVANIR IZE VAR L=, KOXBLE
JE 1 [Pda(1-nabt)] & AR & LT [I(ppy)a(bpy)](PFe) & FHEIE

EH, FPU=FAT I ATEAZEHA L LT THFH0 DiE
SEEICERERE, 330mm U EDTEREEET S L TH
EEBEREETATITo/. BELEAFIZGC 2D
1B T L ictel L,

[EEBIUVEE] EEEXEBREEITICIV., #fF12
RF Uy AEFEHET D RESAL (1-naphthyl Z 2 fiL &
8fif) DBV LT, EHOEBEEEEFETE I/ oA
FNALRZ D AMDAEEETH D I L BShoTn, BiE
EOREH THOIEEL 2XT0EEMEL LTKOBET
FIRlc L5 kFEEERHRLAEL A5, FERRETHEZ
AEHELAE, Wi, BEEELZESEZED TERC
ABEEFRST-E 5, BEREOCBETELbNAE. =
DI EE. EREC I o THEERIIRC S I EET
ELTNG, YA #£F1 0EEEoEEs I UvEsEl
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(WRNIKE)OMmA R—E -k

N-ERBEHAILARY (NHC) B(VEADER. " FRELHhEFEE
=N -0 B hE RF-BHEOET

Synthesis, Molecular Structures and Antimicrobial Activities of N-heterocyclic Carbene Silver(l) complexes
(Kanagawa Univ. Fac of Sci) Soichiro MOROZUMI, Ryosuke SAKAMOTO, Yuki YANAGAWA, Noriko CHIKARAISHI, Kenji

NOMIYA

Abstract: Four silver (I) complexes with N - hetero cyclic carbene (NHC) ligands were synthesized, their structures were determined and their

antimicrobial activities were evaluated. The results indicate that the central space formed by C-Ag-C bonds as well as Ag: - -Ag interaction of the stable

dinuclear silver(l) complex may play an important role in a wide spectrum of effective antimicrobial activities in NHC-Ag complexes.

[#HSIN-EHEB B L (NHC) 1E., BV REAITH D |
RATZ 7 L0 HERA A LWERET 5 &S b
TW5, D 2 E THMGEETIL. NHC B+ % VT
Ag-C it & Ag--Ag MHEAEMZ AT 5L ERD TS
D ZKZER()EEE ([Aga(bbmibb)](PFe)z: 2CHSCN (854& 1)),
Ag--Ag fHEEMHZ 7w KoK IR
([Agz2(bmimb)2](PFe), + H:O (S 2)). HEZ O (1) K
([AQ(IPNCI] (BE1KR 3)) DGRk, WEEMAT, HUETE R %
1oz, 2 HlEwEMIX, 75 V7 4 HE (E. coli, B.
subtilis, S. aureus, P. citrinum), E#RE 2 FE%H (C. albicans,
S. cerevisiae). # & 2 fEFH (A. brasiliensis, P. citrinum) (Z
%195 e/ NEERLIEEE (MIC(ug/mL) (2 X v 5l L 7=, Bt
FEE MR OFE R, HEZOR)EEER &K 3) X< iE
PZ RIS oTe, ZEOMBO)GEER EEE 1. 88& 2) I
BOTHIEEEO B 2T 24, 881K 113, 4 o
N T YT 2 FEOMERE, 2 B EEICK L THLEER
EARLEN, 88K 2 13377 U7 3 FEHICK L CORH
FEIEEZ R LT, $EKR 1 & 88K 2 oy SR
LHe gEK 112X, Ag-Ag HHEAEER. C-Ag-C #56 TIE

DIV EEZEMNFEE L TV, LanL, 8&fk 2 12T, F
HZEMMBTFEL TW o Tz, 2T NHC ()DL
FTEPEIZIE, Ag--Ag fHAALER. C-Ag-C #ier TIEL LT
mZEMMARER LTS EE X, FHEMOGFIET 2 80)65
KDL FREt 21T o712, £ L THTZIC ([Aga(bmibb),](PFe),
2CHCN ($& & 4)) ARk, HREMNT, PrEiE B z21T0
SEfR 1. 51Kk 2. 8K 3 OFEF L LTz,

[F2Br - BR] B FE LTCER(ATFAALIZ VY
YR EBY BEA(NFHTIAFARRAT = A 1)
(Hobmibb)(PFe) ZARE L. 1:1 OEESTEHILELE T F=
NUAHTRIGES®EDZ LT 8K 4 26Uz (IF -
47.0 %), FEEMEHTORER, 85K 1 L [FIERIC, Ag---Ag HH
HIE & C-Ag-C fEAIZL B FHZEMEAR LT, S5k
4 OPIETEERBROMSER, N7 VT 4 B, B 1 HE
AR U CHE M E 2 R Lc, 8818 4 OHLEIEEL T 5
ELBEIR 1 O NI BIFTH D, A L K OR()ER
Thbd §8E 2 LV HES BRI ThHoTz, 2O D

1) M. Regitz, Angew. Chem. Int. Ed. Engl. 7, 35 (1996). } )
2 Yot s AML Ead L SRE A kT BPE fER] SR 5 64 [ Rlies

1PA-054 (2014).
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HO#FH FH'- ML =E'-HH HH-BE #F7'

Hydration of Alkynes Catalyzed by Phosphanegold(l) Species Stabilized with Keggin-Type

Polyoxometalate

(*Kanagawa Univ. Fac. of Sci. ; Tokyo Metropolitan Univ. Urban Environmental Sci.)
'Hidekazu ARAI, *Akifumi HATAYAMA, *Takuya YOSHIDA, *Kenji NOMIYA

Abstract: Intercluster compound (1) consisting of tetraphosphanegold(l) cation and Keggin-type polyoxometalate (POM) was used as

the catalyst precursor for hydration of alkynes (diphenylacetylene, phenylacetylene, 1-phenyl-1-butyne). Hydration of 1-phenyl-1-butyne

resulted in formation of two ketones.

[#2] hxTicFkxix. 20/
VIR FRIPPhs R BE1A & Keggin Y
AU DO SED 6 A VR o EREL
AL faBES S5 2 & CLMERSE
Rt aaGiR AT 7 a()U s
FAZ—D)REN) Ly T AKX —
BB =T AT HRY
B OGR 2 Sz LT, 22
—F5. (D)ZHW=80 CThD 14-¥
FXH UIKIBEEEFOY 7 2= LT EF L DK
I BT, Al ETE MR Keggin BUAR D gt T EL S
THEDRA T 7 o8 TFH U FETHHZ &2 LN
Uiz, Y RBFZECIE, RIUEHCY 7 =T F Lo (xt
T VX)), 7= T BF L (RKmT7 /¥ 2), 1-7 =
ZV-1-T T U GERRRT L ) DKFISR AT, SO
WEER LT,

v

Figl &N FAZ —HF A

[Au] cat. [0.67 mol%)]
1,4-dioxane/water =4 : 1
80 C,24h

(0]
LMK 2 5 % 4 R)K/R
—[{Au(PPh3)}4(14-O)][:-PW12040] (1) Z AREERTERIA & L7 T
JL3 v DRFNE T H -free D SAETE N E R E Ml TE M
Zos Li=(Table 1), FERFAT LT THD 1-7 = =/L-1-7
F o DK T 2 FEEOERM IR SN, 20k
R 3 AT Ot Bl NHC-4 (1) $5{A+HSbFe % il & U 7= KOi
D L LT,

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

— Do

R

>

Table 1. &fh# KIS O E

2010, 49, 8247. substrate products Yield (%)
2) T. Yoshida, K. Nomiya, S. ] ]

Matsunaga, Dalton Trans., 2012, diphenylacetylene deoxybenzoin 93.7
41, 10085. phenylacetylene acetophenone 94.3
3) HAFH, MLz, FHE

th, W ERT] A ALEAE 95 1-phenyl-L-butyne butyrophenone 38.8
FZFAF2 2015, Abstr,, 1-phenyl-2-butanone 57.0

1PB-006.
4) P. Nun, R. S. Ramén, S. Gaillard, S. P. Nolan, J. Organomet. Chem., 2011, 696, 7.
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BEREFMMNY S X2 —%EBA Lf-open-Dawson®R1JAFY A% L— k& CceV

DRIGIZEDEBEERDEREHIEA

(MWR)IKIE) S FH EHES - #0KE - HFERE

Stepwise Synthesis of the Mixed-Metals Open-Dawson Polyoxometalate (POM) by the Reaction of
the Mixed-Valence Mn Open-Dawson POM with Ce (IV) lon

(Kanagawa Univ. Fac. of Sci.) % Yusuke INOUE, Satoshi MATSUNAGA, Kenji NOMIYA

Abstract: In this study, the open-Dawson POM containing two Mn (111) and one Mn (I1) atoms (Mns-open-POM) was synthesized, and

the open-Dawson POM containing two Ce (IV) and one Mn atoms (Ce,Mn-open-POM) was successfully synthesized by a stepwise

fashion of the reaction of Mns-open-POM with (NH,;),Ce(NO3)s.

[#E] a4l <7z open-Dawson % POM [{K(H20)4}{
K(H,0)}at,0-Si;Wig0gs]™ ¥ (K-0pen-POM)IZ B B K C 6
HOEREZENTHZ LN TE S, AWFETIEBHOEIZ Mn
%3 A L 72 [KMN" Mn"(OH,),(u-OH)f at,0-Si,W 15046} 1** (M3
-open-POM), 2 T} Mns-0pen-POM & Ce(NH,)2(NO3)s @D i
5 Mn & Ce VEA Sz [CeV,MnY(u-OH)4(H,0) { o,0-
Si,W,,04}]” (CezMn-open-POM) D EFRIZRELE) L7= (Fig. 1),

[5E52] Mn(OAc),:4H,0 % KOAC/HOAC buffer (ZfiE L. %l
®WA R L7 K-open-POM %12, Mn(OAc);+4H,0 & KMnO,

Zmol bk 4:1 THNZ2 % Z & T Mng-open-POM % (L : 43.5 %),

Mns-open-POM % KOAC/HOAC buffer (235 f# L. Ce(NH,),
(NO3)s Z mol b 1 : 6 THIZ % Z & T Ce;Mn-open-POM %15
7= (IF# 1 48.1 %),

[ 5 - B 22 IR ST O # 5 Ming-open-POM [ open-Dawson

Al POM OBIAERIZ 3 2D Mn ZEHALZHEETHY
Ce;Mn-open-POM [ZBH A ERIZ 2 D Ce & 150 Mn Z3E A
L7-tEETH -T2, X512 Mng-open-POM N D Mn 1% 2 1ffi, 3
lOERASIR M TH Y. Ce;Mn-open-POM @ Ce & Mn [Tk
\Z 4{liTH > 7=, Mnz-open-POM (Z Ce(NH,)2(NOs)s & S hts &
H5HZ LT BNERD Mn % Ce TEHAT 5 Z &1 X 0 EEREN
\CBFR4E 2 A L7- open-Dawson % POM #4525 Z & 12hk
L7z, $FIZ CesMn-open-POM | Mnsz-open-POM % T
BEREIC AT 5 Z L TLMMEONRW T & DR STz,
Mn(OAc),
KMnO,

Mn'': MnV"
=4:1

Ce(NH,)2(NOs)g

Fig.1 K-open-POM Mns-open-POM Ce;Mn-open-POM

1) N. Laronze, J. Marrot and G. Hervé, Chem. Commun. 2003, 2360-2361.
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RUAFVYARZL—FPMZETTL—RELT

pCl BE|HRRT7 V& (D BEZEDI SRAZ—LERIAFVT A DHE

(HRJIKE - EBAEHHIRE)ORS

IR -FA et -8k @m'-BE O #F

Polyoxometalate(POM)-Mediated Clusterization of Monomeric p-Cl-Substituted Phosphanegold(l)

Species and Effect of POM

(*Kanagawa Univ. Fac. of Sci., “Tokyo Metropolitan Univ. Urban Environmental Sci.)
Eri NAGASHIMA®, Takuya YOSHIDA?, Satoshi MASTUNAGA®, Kenji NOMIYA®
Abstract: Intercluster compound consisting of POM anion and dinuclear gold(l) dimer cation species with P(p-CIPh); was synthesized.

This cation was also isolated as an PFg salt using anion exchange resin. Moleculer structures of phosphanegold(l) cluster cation

with and without POM were determined. POM plays an important role in the structure of the intercluster compound.

[#S] &)/ 7L EEIPPhs R84 & Keggin i POM DX
e AT 7 o (WY 5 A8 —b () by T A4
—HBNU B —=NTFFH T DT T RAY =LA DI
ENnb, YAEE, T2V HO p-fiEk ClLF TE#H L 72A A
7 7 VEML T E W TR BIE, p-OH & & e s (1) LSS
K~ Bk &1 F 4 (parallel-edge arrangement) 3Rk 415, 2
AW TIEA) 7 TAX—DFH Nk T 27 2= VD
p-NLDEHIL L POM 7 =F L ORREZFTR 572, p-Cl &
ARk A7 7 v EEG0e() R _ERE0)UE Y T A X
—)ENY L BE—HFF Y ETH POM )
Mo, T = G 2 T POM Ay
T =k PRICEZ TN T AKX
—ANFF U REEK ST, °

[ -FER - B L] BEO&N)SER  1o20OERr 7 25—
[Au(RS-pyrrId){P(p-CIPh)g}] L Keggin | (parallel-edge arrangement)
E U7 RPOM OGNS OH BEEDA&()UEE Y T A X —%
@te POM [{(Au{P(p-CIPh)s})2(1-OH)}2]s[PM01,040]> (1 4K

11.2%) & 157=, = 04 ()sk k% PFs % 5

HULLT =F 0 ZZHIRIZ L0 PR D 0

Fii S = A = S/ AN 7 I Au

[{(Au{P(p-CIPh)3})3(1i3-O)}2](PFs). (2 L3 "
14.1%) %, IRIZT =4 U HE O &%
D L7 [FER O EENE T PRy & OVPOM D it
T = v w G e i A% B IR RS A
[{(Au{P(p-CIPh)s})a(Hs-O)}]2[-PM012,040] A
(PFe) )& t57=0 2 DI T AKX —TF F
D& ITU-0 ZETe () =0 7 A X —
TV . 30T T AL —TF 4 OfEEIx
W-0 Zatee()WUEE 7 T 2 Z —(Coy SR T o 72, 1 O
151X parallel-edge arrangement CT& ¥ 2, 3 O IL 1 & 13 4<
Wbtk b nolz, POM 7 =4 NARRAT7 7 407 7
AL —EEICEERERZRZ LWL I ERbroT,

20&EN=87 FRAE

3n&ENNEs 7R F

1) K. Nomiya, T. Yoshida, Y. Sakai, A. Nanba, A. Tsuruta, Inorg. Chem. 2010, 49, 8247.
2) T. Yoshida, K. Nomiya, S. Matsunaga, Dalton Trans. 2012, 41, 10085.
3) T. Yoshida, S. Matsunaga, K. Nomiya, Dalton Trans. 2013, 42, 11418.
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1PF-005

Z Zr(IV)EF R 15 ZAEFTER (A & L 1= 30%0BEE b /KR I1Z & B {MEIR T
FLI724DIRFUIERE

(PR IREE) O — /7 AL - I JRaHt « B (i =]

Stereoselective Epoxidation of Olefins with 30% Aqueous Hydrogen Peroxide Catalyzed by Dinuclear

Zirconium(lV)-Containing Polyoxometalates

(Kanagawa Univ. Fac. of Sci.) Tomohiro ICHINOSE, Keisuke MATSUI, Kenji NOMIYA
Abstract: Stereoselective epoxidation of cis-, trans-stilbenes and cis-, trans-B-methylstyrenes with 30% aqueous hydrogen peroxide
catalyzed by dinuclear zirconium(IV)-containing polyoxometalates was examined. The selectivities of the products and catalytic

activities were evaluated by GC and HPLC analysis.

[(HS] % 4 ek TV, zrY,

HfY) Z &89 5 R U B % fil it

ABR{AR & L7z 30% H,0, ag. (2 k&

AF VT 4 DIRX AL

ERARTEZ, Y HRIC, Keggin B

—KEHETH L Py FEan zV ik
[{0-PW11030Zr(u-OH)(H20)},]% (Zr-2) 1k st & % o
HEZRFFL TR Y, MRS s R o Zr ECif
TLTWD, ZOKETHA ABRRE/ERIZ RS-
R AU ZIRE L T D, AP TIE, BEE ATV
NRUFR B-AFNAF LD cis-iEKRD trans-K & F 2
AU, TEME M OV 7R 3 SAB A AR D STARIERIR I 2 5 <7,
[ 28k - f55 - £22)] Zr-2 @ Bu,N A2 fERTERA L L7
& X 1% CHsCN/CH.Cl, (1/1) 30 mL %, Li o & =%
CH3CN/H,0 (30/1) 31 mL Z#ZNENEHEME L, ¥—% T
30% H,0; aq. (2L DR FAbEITVy GC KN HPLC T
EELIZ(ER LD, Eb o0l sa vz & & 6 FEEIT cis-B-
AFNAF L& HWTERIG T cis-Ko AR ¥ K23,

trans-B- A FILAF L & W2 ST trans-{K o =77 3%
VRBELEBEME LTEHELNTWD D, cis-{RFEE D F7n
trans-IAFEEH LV b 3 UL EEWIEEE R LTz, 72, &
BT Cis-ATF AR B HWEKGTIEEERM E LT cis-
ROTRF Y ROAERDPHER ST trans- A F X %
WIS TIEZ R Y ROERR RSN hotz, W
NOFEE L cis-KD A Zr-2 ([T LTz & B
N5, —h., ZVHNEETEITT S Ti &K dimer
[(a-1,2,3-PWqTi3057),05]* Tl trans-1£ K O cis-{EEE ) 5
trans-{A = AR 2 ROVERL L, BIRMEIZA D0 o T,
% 1. =A% AL

Catalysts Lilg Ze27 Bu N5 Zr27 |Ti= B8 F dimer
B-HXF I AF L rans cis ans cis ans cis
Total TON 236 874 458 1494 175.2 159.5
trans : cis ratio %1:9 7:93 91:9 8§:92 93:7 82:18
AF W~ trans cis trans cis trans cis
Total TON 0.1 23.7 0.3 447 1319 118.2
prans : cis ratio - 4:586 - 8§:92 93:7 80 :20

Reaction condition: catalyst 0.02 mmol, substrate 5.66 mmol, 30% H,O, aq. 12.72 mmol, a) solvent 1:1 (v/v)

CH3CN /CH,Cl, 30 mL, b) solvent CHzCN/H,0 31 mL , under air ., at 25 C, after 24 hr., TON,,,

1!2 H. Aoto, K. Matsui, Y. Sakai, T. Kuchizi, H. Sekiya, H. Osada, T. Yoshida, S. Matsunaga,
. Nomiya, J. Mol. Catal. A. Chem., 394, 224 (2014).
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THERUVGRT—FERWEHBORYFA T VDOBILRE

(RN KEE) K3k £6 - /Mg EF - RE #BX- &5 1B - 5H #Hth - HE @78 - A5
Oxidative Removal of Dibenzothiophene in Fuel Oil by Use of Decatungstate

(Kanagawa Univ.) Keisuke OGI, Yoshitaka KOJIMA, Yuta YASUDA, Eri NAGASHIMA, Takuya
YOSHIDA, Kenji NOMIYA, Hisao HORI

Abstract: Dibenzothiophene (DBT) and their derivatives are difficult to remove from fuel oil by conventional hydrodesulfurization

processes. Herein we tried to remove DBT in toluene by use of aqueous decatungstate [W1qOs32]*.

By combination of [W1003,]* and

H,0, in the aqueous solution and tetraoctylammonium bromide as a phase transfer agent, DBT was successfully removed from the

toluene phase.

(65 ] 0Ek. BRBHM O BRI & IR CE AL 2 R H 9 2
KFAEBAE 7 B2 AL VITOILTWDN, XY T F
7 = (DBT)B L OZEDOFERITERENH L, ZD7®),
FzIETE b= h USROS TR AR L, R Y
FHX YV AL L— |k HO0 IREW A LAl & L TR T DBT
ERET AL T 0t 2 UDRHED FFin SRS
TWAHR, HRENEMCHLIHEOREN D S, 22
DA, FHENTHWDERIIAF Y AXL—F ) U &2E
TEERICIR BN TWD, EZCARMETIIT H X T AT
— F([W10032]") & Ho0, & & Te/kiRik & . M EIHRI & LT
tetraoctylammonium bromide (TOABT) % #H7xA ot 7= )i R
ZHET L. DBT OBWREMREREICKS LT THET D,
[E8] =50 LC R 2EH L, KL DBT
(10 mM) & TOABr (40 mM) & & Ee kL U ERIE & [WigOs2]™
(10 mM) & H,0, (2.0 M)Z & te KSR Z T Y 7 27 2 —IZ A

N, O, FZHAF CIRET D2 & TIToT,

[f*ﬁ'%] Table 1 (2R {LAISCHE IR B A DR 2 72/ H oH
BT D M kT O DBT OBFROE 2T (RS

Hﬁﬁ65h[wmm1 . H,0,. TOABr B FEIFFIZIFIET D

BElzoi DBT 75>5<JJ5'EE’J RETEDHZENGMD (No.

1D, ROGSOFEATGEFHIFICHRE T 5,

Table 1. Remaining DBT ratio under several reaction conditions .

No. [WyOx]*®  H,0, TOABr Remaining DBT (%)

1 present present  present 6.0
2 absent present  present 97
3 present absent present 98
4 present present  absent 96

1) K. Yazu et al., Energy Fuels, 2001, 15, 1535-1536.

—602 —



1E-02

N5 F+—ty MZEEBESA-EZa/NIL b () BFREERD G
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Reactivity of a series of mixed ligand mononuclear cobalt(lll) dioxygen complex with N5 donor sets
(Kanagawa Univ.) Toshiki NISHIURA, Yosuke CHIBA, Jun NAKAZAWA, Shiro HIKICHI

Abstract: A series of mononuclear cobalt(II)-superoxo complexes with bidentate imidazolyl borates and tridentate hydrotris(pyrazolyl)

borates reacts with an H-atom donating regent to yield thermally unstable cobalt(Ill)-hydroperoxo species. Reaction rates of the

cobalt(llI)-superoxo complexes depend on the steric and electronic properties of the substituent groups on the ligands.

[#E5] YPFFEE= Tt 2 FERALF LY (= [BAm"™),Me(X)] ;
X = "Bu, Me, OPr, Ph) & 3 JE B {7z F TpV** (=
[HB(PZM**);] ; R =Me, H, Br) % A3 % BitZ Co(I)$& KA B
FERMAEREZ A L, BBRAIAED Co(ll)-A—~LA % > 5
RICOMONLX*NTPM2R) ¥ Th 2 F A WE L T X 710 8
ABFZETIE, 1R O AR 2T UL 2 FEXE OB 1T
DR R OVE TR L2 19 oARIC i%d]%%r@
ERAVBENORE L, £72. MR e AKkFERFREEKROK
SR L BT EO BRI O L OFBEEZR LT,

[EREEBZIRZHICEE L. X ZZELXE72—ED Co(Il)
SEIK L MEFE D F ORI L D 1" OAERGEBEOFS)IL X =
"Bu<Me <OPr<Ph ThH-o7-, —FH. X%ZPhiCEEL. R
EEASERELEO 1M OAREEOFFIILIR =Br<H<
Me Toh o7z, Co(ll)E&IKD 7 Tt &k OB BN O fRTHE
BicEsx, M oEREEOFIIL 2 ERMF EOBER
HEX @ﬁ{zti%fl%'rﬁz & 3 EEBRALF B R OB IR KA
ENTHDHZLEBALMNILE, 72 1 @ THF BWIKIC
AZADOL #¥MLZEZ A, WTFhoEKizBWTY

UV-vis 227 b bz T 1R ik R UL E A3 L, 300 nm
FHITIZ Co-OOH & & HERE SN 5 RE&ERRM A Hr7- 12 R
L, 22T, 28 @EE‘ZJEEODT“@J T 1 o ARGEEE
FHlE —BLTnizoiox L, 2R o4 kB o F)iT
1PR DA EE ORI & R LTV, THIERIZETR
SIEAE AT HHET, 2,90 MIEML LT Oy DEBEFEEMN
KTL, REFENEE- D LEEZILND,

R AZADOL R
.. Z > @ T
— N_ 7
B N b=ay B/ N
N .
‘\“Nk \m /\N—— x O': ‘K\ij\ \m (/ N«
\ fN/CP N\( \/ NRN/C‘O N\\’.\
}“\ o <\,-N \é\‘;& O \,N\
IX‘R Hz\.k
LY : X = "Bu, Me, O'Pr, Ph

Tp““‘R R = H, Me, Br
Scheme 1. Co(II) A —~L A% V $K L AZADOL D s

[ZE3CHk] (1] A ke, T3 Hd. D@ JE. 5l 5
Bl SEMRFERTE 64 BIFTASHEE TR, 2014, 1PC-004
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BEREAERYAFSYYZ)LLARL— FEREFORBEEFTDO= Y & ILEEAT BLEE

@RNKDOEH R -+F IE-5H HEB

Development of multi-functionalized poly(oxazolinyl)borate ligands and characterization of their

nickel(ll) complexes.

(KANAGAWA Univ.) Kosuke TAKAMURA, Jun NAKAZAWA, Shiro HIKICHI

Abstract: Reaction of 2-lithio-4,4-dimethyloxazoline with allyldichloroborane yielded allyltris(oxazolinyl)borate. Coordination of

oxazoline to the Lewis acidic boron center of tris(oxazolinyl)borane and subsequent nucleophilic attack of oxazolinyl anion yielded an
amide-containing borate ligand. The synthesized ligands exhibited coordination ability to nickel(II) ion.

[fE] 4 BALAVRET =4 L PLMCEBE R —THErAFHV Y
SAEN 3 ORBALEMN)A(AFYH VY= R L — b=
[PhB(OX®)s]™ ; To®) i, facial B 3 JEEAT & L CHERET 2 1 D
ToA L HETHY ., BEHAFERE XL — FHIRICE Y EVEETEK
ez oY, TN IIMUKMEmIE TN, £/ R & L CHE)E

EEATAETCXINEN T ERDTEND oxazolinyl .
Kk 2 72 & RSB~ OISR A E N 5, group 5;;0\‘:\,
HRATEBTAH0Y v h—ERh27Y T N~
SR B U7 [(allyDBOXM),] (AllylToM? T =N

(1), Fig. DZIXTLHE LT, AUFE EIZEA D Fig. 1[Ally10M (1)
BREREZAFTIRYEXV Y =R L— b2lR L,

[E8 - #58] RO T VAP IAFdaRL— M4 Y¥EDOY F
eAXH V) o EREHSR LA, Bon-ARBI2ElO T v
KT =AU BB L -[(ally)BFOxM?),]-Tdh - 7=, % = TRIGHEN
BMWVHEE NGB L 227 UL 7 aaRT Akt LT3 HED Y

FAAFH Y VEERESESLZETLOARIZRI L, o
T hTToF o=y F A EAFER & & TH 2 851K
[(Ni"(H-Allyl-ToM?),)(BF4),] D45 FA & DR EIZ AT L=,

—J. M) 7RI s LT3 LB ) FA{bAxH )
FEHSEDZ L THRLNERT AMAEEHBONMN)NNCT I LT =
FrEFERSETHONTAERIL, 1 KMz, RURFLETY
WEORN USRIV THE BBREBIFA LI {tAY Th HHE
ZNi(ID)-INVARF T MEERE L2 b oo X SEERTIc L 0B S
M UTz, ZHUIAR T ALK 7 "L LA ABRME AR
L. % ZIZEAL L7z THE 37 U T =4 ORI 257 B
L7 Th s Rl END, FZTEXY VY U E2RT ALBHO
RYRENNEEDZET, 7T FEEZSRIEGHAR L— ML
F[B(amide-Ox)(OX™)] 2 AT 5 Z LICHIh L=, “nichifb=
v 7 MIDEAEH SR THEEICEB W T, 2O 17 I Ra3k
DRLEREPETHI L TAERNLF & LTHEREL TV,
[1TA. D. Sadow et al, Organometallics 2008, 27, 2399-2401.
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EANLERERETIVEGORFEL AT DR
W RE RS R

Aerobic Oxidation Catalyses of Non-heme Metalloenzyme Model Complexes
(Kanagawa Univ.) Yuto HAYASHI, Yosuke CHIBA, Jun NAKAZAWA, Shiro HIKICHI

Abstract: Aerobic alkane oxidation catalyses of a series of iron and cobalt complexes with biomimetic ligands have been investigated.

The catalytic performances of the iron complexes depend on the electronic properties of substituent groups X of

hydrotris(3,5-dimethyl-4-X-pyrazoly)borates Tp™*>*, In the cobalt complexes with Tp

Me2X and a bidentate ligand, an acetate complex

exhibits higher catalytic activity compared to a bis(imidazolyl)borate derivative.

(=] 55, BILBEROETVERIZ L 2BEDFE2E
LR & L= BE#ML S ORERB L RISIZBWV T, 1D

D DOBRIEED R KB OBRREBRL 2 MK T 2 Z L B3| E X
T3, AFETIL, B8 =R T TpM>* & AL
fLF L 06 72 2B AR SR 2863 L OV a S v MRAENL
& ﬁié: ﬁ; [MII(TpMeZ,X)(LPh)](IM,X)[I] %3 ) ﬁﬁ Elz ﬁ: TH B
TpMez’X-')"{Z RN ﬁg {ZK[MII(TpMeZ,X)(O AC)](ZM’X)\ BLO LPh
DFHD B 72 BEEEMIULMY,] GMEARR L. b DER{LHA
5 FIRERFE 2 W= TV B L IS M D RREE & BOAL
FORENZOWTELEL -,

[RER L =] gk 17X, 2FX 3F |z 3513 A 8AD 0 i

x X
H. ,.,Fh H. rg&‘— ~N
B/ u\ B, \ )-mu "o @s« P
ﬁ)‘"‘ b it (g;\?h - \—{\ >M<° PH/ ;ﬁ?} "\:’;___;‘;\\
,;-i
.‘MX 2MX 3”

1. gk 1MX 2MX M ik

WTNAEAE U TH o7, 27390 MEERD 291 K1)
BT, 1M TiER Y, 20 B L3 T A v
ThoT,

BEHIZzFAR B BRI FIRBRELAVWT,
BB LR MEER OB LAMETEEZ R LT, 8-TF
& R 2P oEHIE TP o v T Y U LV EOBHRE X
IIKTEL., 2OFFIIE X=Br>H>Me Thotz, TERL
TV 2 & 72 DIRABENLFEEE 179F L 71 & Mok 2FX
DIEHDEIT LT N TH o, LM 37 1z 1 L
2P X 10 HIEFEMTH Y | Sk BV TIE T B F
DB FHIEE P EIEMOXERF L 2o TV B Z &V
B LI, —F TpYM*H 2RI+ &35 a0 Rk 198
FUN2CX 3, ST ASKEEAR L VIKIEHTHY . T E
% [k 200 o 5 AR A BT FEE 100 L vy EiEHT
bolr, BB LM OHZNS 2 A3 IT L ERERER
ot
[1] F. Oddon, Y. Chiba, J. Nakazawa, T. Ohta, T. Ogura, S.

Hikichi, Angew. Chem. Int. Ed. 2015, 54, 7336-7339.
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THRAUVIGRT—FERWEHBOR DY FA T oDEERE

(FARNIKBHE) Xk £6-/ME EEF - RE #X - KRS TIE - 5H #Hhth - FE @7 - A5
Oxidative Removal of Dibenzothiophene in Fuel Oil by Use of Decatungstate

(Kanagawa Univ.) Keisuke OGI, Yoshitaka KOJIMA, Yuta YASUDA, Eri NAGASHIMA, Takuya
YOSHIDA, Kenji NOMIYA, Hisao HORI

Abstract: Dibenzothiophene (DBT) and their derivatives are difficult to remove from fuel oil by conventional hydrodesulfurization
processes. Herein we tried to remove DBT in toluene by use of aqueous decatungstate [W10Os,]*". By combination of [W1,03,]*" and
H,0, in the aqueous solution and tetraoctylammonium bromide as a phase transfer agent, DBT was successfully removed from the

toluene phase.

[#62] ek, BREHR O BRI E IR C E AR 2 R 5 5
KFERPR T 2B AL VITDOIVTWDER, VXY FF
7 = (DBT)B L EDOFEMRIZBRENEH L\, ZD7d,
BIZIET7 2 F= F U, A R EE S L, R
FH Y AL L— |k -H,0 IREW % bAl & L TR T DBT
FrET AR 7 ot 2 URHELL FRT SIS S
TWAHR, MHBRERASMTHLIEORERD D, 122
ODEE, HHENRTWEIRILTF I AZL— LY 28
TEERICE DN T WD, FZCAMETIITHZ VT AT
— bk ([W10032]4_) & HO0, Zate/KIniR & . FAEIZENSI L L C
tetraoctylammonium bromide (TOABI) % A5 oW 72 iR
ZHRET L. DBT ORI RBREICEII LT THET 5,
[EBR] =5 meE LT R %M L=, Kl DBT
(10 mM) & TOABY (40 mM)% & Te b /L= IR & [WigOs] ™
(10 mM) & H,0, (2.0 M)Z & Te/KIER AT Y 7 27 2 —IZ A

. O FHRT CTIRET D2 & TIiTo 7z,

[52R] Table 1 IZER{LAISCHE IR EIAI DR~ 72l A& ot
2B D Fvm AR O DBT OEIEROEAZ R~ (Bt
fE] : 6.5 h) s [WagOs2]* . HoO,.. TOABr 23[R ICAEIES 5
A DI DBT DNRMRMICRETE S Z L0305 (No.
1), SISOFEBIEREERFICHRE T 5,

Table 1. Remaining DBT ratio under several reaction conditions .

No. [W10032]4_ H,0, TOABr Remaining DBT (%)

1 present present  present 6.0
2 absent present  present 97
3 present absent present 98
4 present present  absent 96

1) K. Yazu et al., Energy Fuels, 2001, 15, 1535-1536.
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AARBIHEB#E 25 2 RIFERRE TRIA 7P A o2t 2 —

N-BEFRBEHDILARL (NHC) BBEHR DO FIRELHEGEM

LALTHEINHBSS EnbEY LHT HirbuL oy D BT L

Omif7R— 8, Wt st . I Afv. BEits]
(R ZR) 1R - 2)

(H®)

ZAIVE TITHMFIEE T, BfZ & LT N-ERER ALV (NHC) & iz, Ag-C HEa
ZFRFORNEER DA RR ., ST K OWWIATE M 2 X T X 72, NHC (%, 38V REAITH D 2
ENBRAT 7o k0 bERA AU EMWERETERT 2 L EbhT0ns, D 202 L&
Z CHAFRE TlX, Ag-C AL Ag--Ag MAEERZAT HLE R0 2R E D “BER(1)8E
& ([Aga(bbmibb)](PFe),2CH,CN (S&& 1)) . Ag--Ag FHAEAEMN & K7z 7o\ R O ()R
([Agz(bmimb),](PFe).' H.O (884K 2)). HEZDOIR()EEE ([Ag(IPrCI] (88 3)) DOHERL, M
FENT. PLETEIERBR 21T o7, 2 PLEIEMERBRIT, N2 7 U7 4 HdH (E. coli, B. subtilis,
S. aureus, P. aeruginosa) . % £} 2 fiifd (C. albicans. S. cerevisiae) . 7 & 2 fE¥H (A. brasiliensis,
P. citrinum) (Zx}9 2 PUETENEZ B/ NS B PRI E (MIC(ug/mL) (280 3l L 7=, HrEEist:
REROFEG, HEEOR()EEA (FEF 3) 1T HEMEE RIS d o7, ZEOHR)EEK (8
F 1), (8% 2) TBWTHEEHOLKREZI T2 2 A, (B 1) 13,4 FEOXI T
7. 2MEOEERE, 2fED ) IR L CHIEER AR Lizy, (88K 2) 1327 U7 3
(E. coli, S.aureus, P.aeruginosa) (Zxf L COLFEIERZ /R LTz, (88K 1) & (88K 2)
Doy FREEZ T 5 & (8E 1) 1[I, Ag-Ag FHAEH. C-Ag-C A CrEG V- FHE
ZEEINFIEL T, L, (8 2) ik, FEZEMNSGFEL TWehote, £ 2T,
NHC $R(NEEAERDOFLETEMEICIL, Ag--Ag fHAEIEH. C-Ag-C #5H CTIE S A7 w22 [ 23 Btk
LTWbEEZ, FHZEMOFEETZEROEERDO S %2772, T LTHIIC
([Aga(bmimb),]- 2CH:CN (84K 4)) DOERk, HEEMT, PribiErERBR 21T (88K 1) . (88
& 2), (881 3) ofREEL,

(7. #ER)

B & LTERRTF LA IZS Y TLARU DR P BRI LA aRRAT
x4 ) (Hebmibb)(PFe) &L, 1:1 OFIGTRLKRETE R = N VHTRISEES Z
T (fRK 4) AL (IGE 147.0 %), HEMIToRESE. (88K 1) LEERIC, Ag -
Ag HAMEM & C-AgC fAIC L FHEMEZAE LT, 2IHOENR L7, LTI
ZEENFET DHEE TH - 7o, PLEIEHRBROM R, X277 U7 4 f#H (E. coli, B. subtilis,
S.aureus, P.aeruginosa). B4R} 1 ff%H (C.albicans). (Zx%f L CHIEM AR L1z, HlEEMES
g oL, (&K 1) OFBESBEFTHLN, B L HEORDEERTHL (8K 2)
LTV BIES BIFCh otz 2D END Ag-Ag FHEAEM & C-Ag-C FiA1T L 2% Fimm 22
25 NHC $R(NEEIRICI T D2 HIAEMEIC R E < B L TV D ATREMEDS R ST,

(STHK)

1) M. Regitz, Angew. Chem. Int. Ed. Engl. 7, 35 (1996).
2) ot sEr HARBGEBIECES 8 41 8] FRIROK4s Abstr. 25Pa-17 (2014).
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4 DN NEXRZRDILAY AsOBEAEXADER. BF
BELEENE
O AR — B RFT= A - Ml - W AR T HERE ()| KE)

[#65] 2 E TUMIEETIX, N-EREE L (NHC) %
BONLFIZHAWT Ag-C FEa s Ag-Ag FHAVER 26T 5%

TE 72 THRIRERE O TR () $5K  ([Aga(bbmibb)](PFe): - N
2CHsCN (8&& 1)(Fig. 1)). Ag---Ag FHAENER ZRi7-72) 8% ¢ A
DERWEEA ([Ag2(bmimb)z](PFe) « H20 (A 2)). HLEZOHY() c A c

PEIR ([AQUIPCI] (B&1E 3)) OARL. ST, PiEEMER
BRa T C&7-, YN U7 4 fE (E. coli. B. subtilis,

S. aureus, P. citrinum), fRE 2 fE%H (C. albicans, S. cerevisiae), 77 £ 2 f&¥H (A. brasiliensis,
P. citrinum) (2% 2 PUETEME A i/ N B BRLIERE (MIC(ug/mL) (25 0 Rl L7z, %
DOERNEEER @& 3) XL PIETEE A RS o 7o, ORISR (S5 1. 88
& 2) IFPUEIEME A R U, 88 11X, 4 FEONNI T U7, 2 FORERE, 2 FEO S BXE
W2k U CHIETER 2r L7aos, 884k 2 13377 U 77 3 FEICK L CORPLEEMEZ 7~
L7z, NHC $R(NEEADPFIEIENEICIL, Ag--Ag HAMEM. C-Ag-C #ia TES N FH
TERNEBRLCND EEZ LN, 2T 2 25512 ([Aga(bmibb)s](PFe), -
2CHCN (881K 4)) ZAp L CHiETEMERBR 2TV S5 1, 85K 2, 6816 3 OffR L
Lez L7,

[EB-FE R BRI BN T & LTCEARTAAIX YV T L)RUEBY ER(AFHT
WA BIRAT =A F) (Hbmibb)(PFe) AR L. 1:1 OFIGTRRLIEL T =K
LPTRIGEES Z LT 8k 42 28K L7 (IR :47.0 %), %2 NHC B+
F, BRI LTHRAT 4 LD bRV EIEKRT 5, Ag-Ag FHEMEHE 25
? C-Ag-C FEG D ATIZZR B ATV D8R 413, FUETEMERBRORIR, X277V 7T 4
FEFE, BERE 1 FRBEICKT U CHLEIEMEZ R Lo, OB )EEIER T g8k 2 &K 1.

$EIR 2 LeEME 4 O ZBOMO)EEEOPIEIEME A T 5 & Ag-Ag FHE/EM %
HIRWEER 2 DN—FHRETEENTE <. Ag-Ag HAMEMZFH C-Ag-C it 3 F-
T ATESERR 2 L8ER 4 IR BAFRPUAIEIEA XY V&R LT, 2D Z L
5 NHC $R()EERICIH T DHuETETEIC, BI)EEARD Ag--Ag FHAEAEH & C-Ag-C i
AL D FREMPEEL TNDLEEZI LD,

1) Yoo 5o, AML Eadn mlL SE, A kT BFE R SEIMETYRS 5 64 [Nl Fas
1PA-054 (2014).

2) M. V. Baker, D. H. Brown, R. A. Haque, B. W. Skelton and A. H. White, Dalton Trans., 3756 (2004).

Fig. 1 $&%fk 1 D4y ik
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RYBIECTEREILSN= KRR T7oEOHFAUTE
FEE LTIV D KRG

O#F#FM -MLzRE -SHAED > F=2RE (MR KE - ERX A HIRE *)

e HETICHEAIE, @1) VAR BIPPh R

K& Keggin TR U FERIE O KIS D & J1 VRV BRBUNL 1

EMBES T2 2 L CREMREBER 25D ARAT 7 v

S 528 —)Re)ER Yy FAZ—% T

VHE—=NT AT HRYBEORKE LML

TW5, Y —J, ()& 80 CTO 14-P A%

VIKIBABMF OV 7 2= VT v F L O AFIKE

IZBWTC, il MERE Y Keggin AR U EREE T2 EAL

ENT-HEDOAUPPN) ETH L Z L 2H 50 Figl @()WUET ZAZ—AFF

Uiz, 3 KBTI, ALAHTY T 2=ty Y

TF UL (RFRT L F V), [Au] cat. [0.67 mol%)] 0
1,4-dioxane/water =4 : 1

T x= VT v F L (R o 80 C,24h JK/R'

FTAXL), 1-7 = =)L-1- - R

TF U FERRT VR )YDKFIE S BTV, ROSH#EE B E LT,

ER-FBR-EE SONUEEY T 2 FZ —[{Au(PPhs)}a(is-O)][a-PW12040] (1) % fibt i i X

KL LT v oKRMBSIE H-free OF&METENREE OABLE M 2R~ L1

(Table 1), 1-7 = =/L-1-7F > ORI TIL 2 FEAO LS PR S, 1-7 ==

N2-TH ) BITONRD TN TFra 7= /) (388%) L0 L EhoT=, ZOERM I

1T NHC-& (1) 14+ HSbFg % it & L7250 @ & 5biis LT =, A& HERE[Au(PPhs)]*

unit O 7 L3 o ~OEME T IX
Table 1. & flEE it D FE F

i OD & Ph 3 L OV Et koD :
TZZ EHL %/:]: v . substrate products Yield (%)
98 %o i ek
WL H0 971 DR diphenylacetylene deoxybenzoin 93.7
L. - Hy \'EJE:AB >
BALEICHERZEE G AT Phenylacetylene acetophenone 94.3
BY., 7=V HEMoO = EES butyrophenone 38.8
.o o | - 1-phenyl-1-butyne
DIF PSR LIENRE N & 1-phenyl-2-butanone 57.0

%ZT_\‘ L/ ( l/ A é o

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) A, MMLsesl, & HAL, BEEE], AR 95 BFES 2015,
Abstr., 1PB-006.

4) P. Nun, R. S. Ramén, S. Gaillard, S. P. Nolan, J. Organomet. Chem., 2011, 696, 7.
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EBEREFl Mn V5 X2—%E ALT- open—Dawson
BR)AXTIARL— L HRBAELI-ERERRE
D EZFEHIE A

OF LA -k E - BFFERE(HE)IKIE)

[#%E] ITEHE & u7-open-DawsonHPOM [{K(H20)s}{K(H20)}or,0-SisW10g6] > Y
(K-open-POM)IZBH EBIC i KR COE DB B A HAT 5 Z LN T, 2O ZF A
LTRBE Y 7 A2 —ORFIREMERI A RIC K 5 B R OB AIZ L0 By 11
AR CAEERE DR B FCE D, — . MY T 22— 3d <Dk, fih
75 TRV B THFZE £ 41 [MN"'gMNn'Y401,(CH3C00)15(H20)4]? 218D &3 2HMn2 5
AL =TGP ADOENZ R T HONELHBIL TS, BUfEE TlZopen-Dawson
BEOFIIMNE 7 T A X —L LTS L-BIEHRE STy, £7-2Ce(IV)iZ. W
OCO RIS IS DAFFEIZ BN T, @ RAME 2 VEME L S 5 7 Dl bl & LTH AW
HITWA, AW TIEB HEIZMnZ E A L 72[KMn",Mn"(OH,),(1-OH).{ a,0-Si,W,4
Og} 1> (Mnz-0pen-POM) & &k L 72, & 51ZMng-open-POM % HifEF{A & L TCe(NH,);
(NO3)s & DIEA BHMn & CedVi# A S 17 [CeY MY (u-OH)y(H,0).{ ot,0-Si,W 1066t ™
(CezMn-open-POM) D BeFERY 72 & Rl RSN L 72 (Fig. 1),

[3252] Mn(OAc),+4H,0 % KOAC/HOAC buffer [Z¥fiF L. BilikA Rk L 72 K-open-POM
Z M Z. Mn(OAC),-4H,0 & KMnO, ZE /LI 4:1 THIZ % Z & T Mnz-open-POM % 15
72(IXR :43.5%), & 512 Mns-open-POM % KOAC/HOAC buffer [Z¥Af# L. Ce(NH,),
(NO3)s ZE/LIL 1:6 THZ % Z & T Ce,Mn-open-POM % 157 (L= : 48.1 %),

[#E 5L - B 22 | S AR O 5 Mins-open-POM & open-Dawson ! POM ®BH A2 3
O Mn ZEALIZHEETHY . CesMn-0pen-POM 122 5D Ce & 15D Mn Z3E AL
TS T o 72, 512 Mnz-open-POM PN D Mn 13 2 fi, 3l DIR AR Fli Td ¥ . Ce,Mn
-open-POM @ Ce & Mn 13312 4 i T - 7=, Mnz-open-POM (Z Ce(NH,)2(NOs)s % X
JESEHZ LT, HAEO Mn & Ce TEHAT S Z LI L0 BREICRFES R 28 A
L 7= open-Dawson %! POM % 15 %

Z Ll PI L7z, Ce;Mn-open- Mn(OAc),

o KMnO,4 Ce(NH4)2(NOs)s
POM % K-open POM 7 & E A —
BT X7, Mnz-open-POM % % =4:1

- S ZE, 7 — e
te VC%)J&DVC1?5 SeMTE 2o Fig.1 K-open-POM Mnz-open-POM Ce,Mn-open-POM

1) N. Laronze, J. Marrot and G. Hervé, Chem. Commun. 2003, 2360-2361.
2) T. Lis, Acta Crystallogr., Sect. B: Struct. Sci. 1980, 36, 2042—2046.
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RYBBIEET T —reLT - rBERRA T 7Y
DTSR E—DRRER)VEBET A DR

OREIE "-THmth -HERE '(WRIKXKE -EHRXKRIRE )

e N ETICERA TR O B VR CEEIPPh; $51K & Keggin BU7R U EEHE (POM)
E DL B ANV BN 2RSS 5 &0 446 O T2 e hea()uks 7 A ¥
— RO TAE =% DT B —NTFH T HPOMMBIERT HZ & 2B 6
L7 YPF 7, 72 VD pAfi A F, Cl TEM LA A7 7 VEM F 2 WD Z &
T, OH ZBFEo &) ek &0 F 4~ o

(parallel-edge arrangement) 329 % 2 & H B 5 IC A

Uiz, ¥ RBFECII&() sk —Bikz h v o ¥ i
—HFH Y EFHPOM DA B —T =5 % PRg R 5k
N B 2 L TE() Y T AT — D F A DR (parallel-edge arrangement)

%45 POM 7 =F > DL T T,

F - iR - E R H E o & (1) 85 1K p
[Au(RS-pyrrld){P(p-CIPh);}] (Hpyrrld = 2-¥'2 U K -5-F /LR
VEE) & Keggin € U 7 K POM H3[PM01,040] - 14H,0 % )i &
RN oo R RO M & LT
[{(Au{P(p-CIPh)s})2(1-OH)}2]s[PM01,040]> (1 UXR 11.2 %)% 15
Too MEGEMAT O, &) K Z &K (parallel-edge  20&0=827 7 X5 —
arrangement) 7 F A4 U OMEE L MR LT, 1 O T XX —[H

bEWERNT, 7T =F U RERIEIC X D8y FIERPRIZ X °

Y PFe i [{(Au{P(p-CIPh)3})s(ks-O)}21(PFe)2 (2 UL 14.1%)%

Blc, E£lo, T=F U ZHBIEOEZWO L7 FAEOEIET

B & % A fin E7N i A

[{(AU{P(p-CIPh)3})a(114-O) Ha[o-PM012046] (PFs) (3 ULE 66.29%6) % 15 7=, s TEARHT OOt 5.
2 DY AR —TFF L OEEITW-0 ZE50a(l) =2 JAZ—THD . 3DT T AX
—DF A OREEIIN-0 ZETLAENNEE Y 7 A X —(Coy HFR)TH -T2, 1 OREEIX
parallel-edge arrangement T& ¥, 2, 3 D& 1 L IIE B> Tz, POM 7 =%
YINIRAT 7 ()7 T AL —IEICHERER AR L TWL Z ERbroT,

3 &N s 5 A F

1) K. Nomiya, T. Yoshida, Y. Sakai, A. Nanba, A. Tsuruta, Inorg. Chem. 2010, 49, 8247.
2) T. Yoshida, K. Nomiya, S. Matsunaga, Dalton Trans. 2012, 41, 10085.
3) T. Yoshida, S. Matsunaga, K. Nomiya, Dalton Trans. 2013, 42, 11418.
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FR(IV)=EH: Dawson 2R ESIEE EAD
B EEE RN

OZHE-MAREN -HERE (HR)IKE)

e FZ (V) —&# Dawson HA Y BAEIZUEARFEEUEH D . 224G L)E L
TRENIFET DM, ZHE THIRREERS LR RIIEsh T enot,
ZifGd 0 WEAR(T-1)% 7 V7 V) THIAKGET 5 & insitu THEERNERT 2 2 &%
RSN TV, ¥ 2k CHEIKTHEEES U BEERIT Ti (LA TIHERENTETE
(Na-1) Th o7, Z OHERITAIABIC NIRRT =0 AMEICT 5 2 L1
Hisk7ehodz, BRMEST S FCIINEREICRE > TLEWY, TAB VST T
LRz 2o lz, Fl-HEROEMMEEE S 50> T
Wtz LavL, 20X ) I EEA(Na-1) & 1Kk &

LT Cp*Rh A HE: L 7= BT 2 55 5 TE b,
WEERENT & Sz, ¥ AR CIRBERIKOGMREAEE 77 (V)RR KR
Bt L. HER(K-2) O E & BTk Lz, e eOulOFd T (62)

EB-AER-ER OBRARLAETFX V) S EREEDH VU EK
NaoHo[{P2W:5Tis0s6(OH)3}4{ Ti(OH.)s}4Cl] - 110H,0 (T-1) % ffi/k o' T NaOH agq. % v
T pH 104 |[ZF%E L, sat. KClag. Z /M x. FHE 2.5% NH; aq. T pH 104 [ZFf#& 45 =
& THLER“Ko[P,W15Tis0s9(OH)3] - 25H,0” (K-1) DR i 22 406D T D Z & 1T Ak
LTI 314 %), & Z TE OISR AL X AEEMENT ICE L T\ eholze, 20
HCRBGHE L 2 K I2 23 L, 0.0M NH4Cl aq. # Tz (K-1 : NH,Cl = 1: 1), 50 ‘CChl
BB . DUGTAR & NER, SMEBEAIR % 0.25 % NH3 ag. & L 7= vapor diffusion 217 9
Z LT X BHEE AT IO U EAE PN f(K-2) 2 1572, K-2 OHRE X fikE
TEFRAT OFE R HEAHEE 2R L7z, FT-IR T Dawson unit @ Ti-O-Ti #5412 H
KT HIRE N FIIHER ST IR 1D b K2 [ZEEAREE THh - 72, D,0 1o P

NMR T K-1 1%-5.07, -14.58 ppm (& —%f D “Af v — 7 THR S -,
1. Y.Sakai et al, Chem. Eur. J., 2003, 9, 4077-4083.

2. Y.Sakai et al, Bull. Chem. Soc. Jpn., 2007, 80, 1965-1974.

3. Y.Sakai et al, J. Chem. Soc. Dalton Trans., 2003, 3581-3586.

4.Y. Sakai et al, Inorg. Chem., 2011, 50, 6575-6583.

5. Y. Matsuki, et al, under submission 2015.
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¥ Zr(IV)E B R BRIE Z At g AT ER (A & L 1= 30%:8
FEIEKRICKDRFILARY B-AFILAFLUD
SAEIRMLGEIART b

O—/EEsh- i H i - F=RE (AR KE)

[%S] Y=o TICH 4 Eok Y, zr",
HfY) 2&4 3+ 58~ OR Y Bt & fBERTEMA & L7z 30%
H0, aq. (X254 V7 4 ORI MRS ZE TR TE
72 Y HRIT, Keggin B —RIERETH > FA v Fsniz zrY
TR [{a-PW11050Zr(p-OH)(H,0) Y1 (Zr-2) 13 fislfht i i
BLEOEEZREFLCRY , SIS 5RO Zr ETEITLTWD, 20
FOSTlI A AR RSN 2R AR 2 1R B L TV 5, AFZE T,
FEIZAF NN B-AFNVAF LD cis-KE D trans-iK % 2, &P
B OV IR & SABAE M) O SEARERINME 2 F] -~ 7=,

[528r - K5 2R - B2 Zr-2 @ BuN HiZ& fiEFiEEiR & L7z & & 13 CH3CN/ICH.CI, (1/1)
30 mL %. Li ¥ & x1% CHCN/H,0 (30/1) 31 mL #FhHFhiaEe L, #—F%T
30% H,0; a0. 2k D =REIAbE1TV, 24 B IS b KSAERm % GC KON
HPLC CTE&LZ(FE 1), ELoofiitz vz xd, BEIC Cis-p-AF VAT L
2 W ROSTIL Cis-RDO AR K23 trans-B- A F/LAF L o Z T BOS Tl
trans-fAD RF T RRFEARM E L THLILTWDN, cis-KIEE DAY trans-{AF%
HBXod 3fELLEEWEREE R LT, £z, BEIT cis-sAT A2 WS T
EFEAERY E LT cis-KOARF v ROERDHER S L= trans- A F L & H
WIS TIZTZ R Y ROERNRR SN2, WTFNOEE L cis-AD 57
Zr-2 2R LT Wi L Bbis, —FH. TV TEITT S Ti S ERYER
dimer [(0-1,2,3-PWgTi3037),05]*% Zfilifi & L= & 1%, RAF AN B-AFILRAF L
D trans-1E LY cis-iA7 5 trans-IA= AR RAEAERY E LU CA R L., EIRMEIT A
LIV o T,

F 1. V7 0 DR E At

Catalysts Litg Zr-2Y BN 5 Zr-2” TiZF#E

B-AF L AF L | trans cis ftrans cis trans cis
Total TON 236 87.4 45.8 149.4 175.2 159.5
trans : cis ratio 91:9 7:93 91:9 8§:92 93:7 82:18

AF L~ frans cis frans cis trans cis
Total TON 0.1 23.7 0.3 44.7 131.9 118.2
trans : cis ratio - 4:96 - 8:92 93:7 80:20

Reaction condition: catalyst 0.02 mmol, substrate 5.66 mmol, 30% H,O, aq.
12.72 mmol, a) solvent 1:1 (v/v) CH;CN /CH,Cl, 30 mL,
b) solvent CH;CN/H,0 31 mL , under air ., at 25 °C, after 24 hr., TONjax

1) H. Aoto, K. Matsui, Y. Sakai, T. Kuchizi, H. Sekiya, H. Osada, T. Yoshida,

S. Matsunaga, K. Nomiya, J. Mol. Catal. A. Chem., 394, 224 (2014).
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¥ 5[E CSI{bF T = 2 & 2015 Z U —AR— LN

o, —FARA(V)Z B ¥ Dawson BRI EE IS

BEEXROHDFAVICLSZE LD FHIH
(MZNIKE) OMBES AR - HERA

BE KU (POM) OB O

It S S RBALICE D . SRR o
BILRE A AT HHEREME T 2 Ik & —

METLHZENARTHDL, DD
POM £ &K D GBI 2 E - & RkIE,
T A =R mITCEERT —
~tE x5, Ti @ POM (I Ti-O-Ti — Cyclic
mEICLY TEEALT D EDNHE
EhTwasd, Y KB CiX. Dawson H-Monomer
B POM A K fE[a-HoPoW1,048]1% &

TiCly 22 5 &k L 7= Ti(lV) . & #

Dawson v} POM H & R
[a-Po2Wi6Tiz(OH)40s5]°° (Monomer) 73

ZElbT 5., ZEREEBE DX A A

VN E 2 D R P NMR O FREEZE (b Cyclic
LD, XBEBERSTI CEZEERMBE LI O NIZ LT,

EBR - R - EFE 10 M HEE#H T T Dawson Y POM AKX FE & TiCly
ZENL:1I0 TGS 5 Z & T.K-Monomer % 1§ 7= (X% 25.0 %) .
By A A4 v kg Txt o F A4 & HYUC A H# L H-Monomer &% L 7=,
H-Monomer % 1 M MOH aq. (M = Li, Na, K, Rb) T pH 4.0 IZFHE L. %%
F A4 & LT MCI(M =Li, Na, K, Rb) Z /% . 3P NMR (T TR 254 % 81
2 L7, Li', NNOEE, 7 HfR#E%E S Monomer & FERD 1 Ky —72
(-11.30 ppm) O F EEN A LI/ o722, Monomer 1% % #EFF L T
WheEEZLNS, —TKY, RVOBEA. L1 Monomer LY & KR
BN 2 R —27 (K, -11.09, -11.17ppm; Rb, -11.05, -11.15ppm) 23k %4 IZ
BHISNEED, S HRZBICIT 2ARE -7 O0HANBHI SN, ZOZ b,
K' RO"ODEGHIFZEILL TVWDL I ERRBI N, £2T KOH & LI
RbOH T pH 4.0 ([Z#% L 7= H-Monomer @ /K¥EiKIZ KCI & L < iX RbCI & I
X CHEfmibT 52 & T BAaBRER, BA 70y 7IRKEREZZNENET,
X BRAE S MM O FE B KY Tl 4 -5 D Monomer 728 Ti-O-Ti f5& T kL L 7= M
B R [(a-Po,W16Ti2060)4(H-0)41%% (Cyclic tetramer) . Rb*Tix 6 -2 Monomer
N Ti-O-Ti ;%jm: /El\ S f;% 'ﬂﬁ L 72N = {Z’X [(O('P2W16Ti2060)6(u-0)6]48- (CyCllC
hexamer) Toh 5 Z & N & )& 72 - 72, Cyclic tetramer & Cyclic hexamer
@ Dawson unit I iX, BRI EEZ X2 L2 ENE < O K, R A
{f£7£ L Dawson unit OFEELFHAEHLTEBY, A4 OfFE - KR&E S
MEBEDOERL L=y PICEELHEZ TWDLZEBHLNE R ST,

Rb*

1) Y. Sakai, K. Yoza, C. N. Kato and K. Nomiya, Dalton Trans., 3581 (2003).
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KGR A FRTA) L 72 ARSI ER Sn FiR{E )
JERRIED Bk & ARSI

OffA Fpk!, M B!, &)1 §Eok',  #F= &K', &F BE° B 598
A R (IR, IR TR SERT 2, () W'E - AEORMITZEREARS °)

1. W5

AIRREIS B MR E A 2 B NP2 K3 RIS K DK AT A AR, FEFIC Y T d0%E
MR 7 Y — NOKBRIEN A RER N TH D, TN E THRAIES V—T 13 F—T
> 7R ARG BT & L C SngOy & RLH L72[1], LA LA RIS ARG ME 7R SnO,
INRIBFICHTH T2 2 &0 B SAMIERE SR S, 2 E TH 2 e fliers v 1345 &
LTV, & 2 CARMFEIE SnsO4 D A B S 2 fENL L, SERKD D ET L
BOGTdH % A5 ) — VEPHERIKEER D & O KB A RSO & R LT,

2. Bk

Sn304 1%, SNCl, « 2H,0 Z HiiBR{A, Nasz(CsHsO7) Z LA & L TR S B 7= KRk %
NaOH /K¥E#E T pH ZFH#& L. 4 — 7 L—71h 180°C TKEA T 5 = & THET-,
SRRSO I PSR BR AL & 2 FI D TIT U, AIHDEIRS N CoOKRBARER OE D EF
BhER(QE) & Al L 7=, % 72 Bhfiffit & L T Pt(0.5wt%) Z et e K 0 #E: L 723k kHc o
W T b [RBRICTE RN 21T - 72,
3. FEBRAER - B

B RS DR E ORE F . AIBRAIRNE DS pH5.5, (CsHs07)> 1 Sn?* ik 2.5, AR 6 FF
HDH DRI Sng0s DHLENREN-TZ, ZD ol o
BRI ORI SV TR E T 272, pg) s
WUURE 7 v b ERE X BRIl E S & PHSn0:
DAl - DBLEE DOFER D B RIS T To
KGRI LT Ny RS CTH D Z E BRI S
ATz BRI K DN W T B i 4 L ©
AL ) =V IKESUR TN & IKFE T A DA 2 el L =y
o Fie. REA~D PUIEHHT L 5% LG D eacton ime fhours
EEmETE (X)), QE=13%ICELTZ, £7Z  Fig. % snmiiic & 2 BHH kR
KFETIE. SREFICBT S (C6H507)3'@,%2%3KO DIRFAERSE - il & 200mg, B)fidiic

Pt i 0.5 wt%, 50 vol% A & 7 — /LK
WTHIET 5, ¥ 300mL. IR S04 A > 420nm

100-

801

60

H; production / pmol

40t

20l Pt/Sn0, Pt/SnQ

<
4

5

1) M. Manikandan et. al, ACS Appl. Mater. Interfaces, 2014, 6, 3790.
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P-20 XYV = VEESHE ZERS IO X L— MR T
(ZERFF S NVENIADSE RO 7 v 7 B b TE

(FRINRI) OFiR &2, FiE JE, 5l S2ER

[BE] HFx RABAERKISICBWTER SN TWD 2 R X meridional B 3 JERD
FLFTHDZAXTY Y VEEH X I VRS FITREF S v Ni 856D mCPBA %
AL & 32 T B ARSI & MRS LT, AL OISR L OEBREOERES
Ni(IDFE D%t 7 =74 > OFEIEIZIG U T 7 a3 U 2xd 2 B LGS L OBbAE
A DOBIRER Rz > Tz, :

[¥—vU—F]
FIFNERAFY U SEAF, NisEE, 7k @k, mCPBA

[1. BRELHRBM] 5. ©U DUV EF0EEENTOF OBEBRE L SISEALF
& L7=fE % O Ni 5603, mCPBA LA & 35 7 VA1 L KEELBOSI @ O Mg M
EARTIENBREINTWAS LY, —HFYMERETIE, ©F V— VW EEALE & T 5 facial
B =ZJEX L— NN F TpR 2 F 35 Ni galk 2 VT, 20T v KBRS O
REREATIZ Y A RS F B4 C 3 5 Ni(ID)-acylperoxo S5 DR HIZ BT LT\ 5 3,
UEZEY, ZOT7T VI KRB, Z2<OBILRIETROND L9727V —F
CHONDBEE LD TR NI BICBE U IEHENERET VI VIR E RN
LTWABLDEHEIND, > THEFRNL
FICHERA TR Z 8 Ic kD, &Y Ry oF
RRI R R ISR OME D THETH S L5 2 O\;Xﬁ/o
BB, ZhEZTARRETIE. Bx 2R R%<;J l
RSBV THER S T 5 MR N
F L1~LA(E )% XEBAT T & 5 Ni sl R*
ﬁ“@ﬁﬂ%"‘&%ﬁ*ﬁ%}'@—é Z & & L?’to & Z 73 L1: R1 = R2 = Me, R3= H, R4= Ph
T, ZHE TIZ Ni/mCPBA MRS AR THYY 2. R1=R2=H, R®= R* = Ph
BN TE BN FIX, facial BE3 EX L— FR°  L3:R'=Me, R2=H,R3=H, R*= /Pr
4 FESHBHNE 5 EFXR L— MR FTHo T,

L1~L4 ® X 5 72 2 FEE X O meridional T 3 JEE Z |

FL— MEREFR bR Bl < | A O~ Ny,

s & ARBETEHEO B RIE DS b B, % <§/k 1)

o AR TIE, R ABCAREER oM 4
B ERBIEL LT, LI~L4 a0 Lo
Ni(IDEZER S Z LIV RAESETS n
Ni SRR BRI 2 Bl L7 BL FRFECRRAFRALF

OWFRIENL + BHEPL YA - OFH LAY
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[2. ER] EAF%H Y B F L1~L4 I Ni(DHE(NiXz; X = Br, OAc, BFs) & £
EHDZ & Tin situ TRAESETEMEETOWT, BLANZ mCPBA, ¥ 7 u~%
PUrEETNVEEE LT, MEEOR 7 ) —= T &2ITo T,

[3. R L EBE] & 1. fRETEED L
L1 L 1EE0/E - .. CI
=y rNOBEA y & mmob @ & C
A ) —IVIRIRD'E O Cat. (2 pmol of Ni+ L)

=N /\jEE(ESI MS) % (15 mmol) MeCN (;(;;Ll):ACrH;?Z (3mL) A Lac Cy-Cl
ol s, L Product / pmol A/ TON ¢
[Ni(OAc)LD)]" @ A K Lac | Cy-Cl | Ph-Cl |(K+Lac)

$ERkIc—3c4 %4y | L1 | 5991 | 397 [ 116.8 | 435 | 2311 | 3.8 | 478
L2 | 4116 | 305 | 719 | 358 [ 1838 | 4.0 | 326
TAXLE=I D T 37380 | 19.0 | 710 | 13.0 | 381 | 04 | 1156
BRISH . NiEE | 14 | 1566 | 550 | 506 | 220 [ 1155 | 15 195
L #RE&+5zL (LB 1232¢] 98¢ | 62¢ |N.R4|N.R4| 77 776

CERIEN CoE 7y ? TON = (A +2xK + 2xLac + Cy-Cl) / Ni
RKAELTWARZ L bpm- N,N-Bis(2-pyridylmethyl)-N-{(1-tert-butyl-1H-1,2,3-triazol-4-yl)methyl} amine

ref. 2
MHERR ST, gReac)tion time ; 1 h., Reaction temp. ; r.t. (ref. 2) 9N.R.=Not reported. (ref. 2)
L1 & NiX; &
1:1 & Liz& D308 KIZBIT HMPETEMEZ B L & 25, X OIS UzigtE
DOFFL Br > OAc >> BF4~0 Th oz, #Z TX=Br & LTEMNFNELRDEED
EHEERB LIz Z A, BALFI ’JTS ClFEAIZLI>12>1L4>1L3 THoEGE 1), B
BEENF—THD L1 & L2 BT 2EEOHEEIX, @B 00 bBENTAEICHF
ETHEHBERZLPR(H 1 %Hﬁ)mfﬁﬁm YFAREICEEE RIETZEEREL T
3, EESBEBOBRERD, HESENPhETHS LI, L2 ThHhD LY birikkE
ERNIWIPrETHD LI ZEMNTF L LEBEOFMEEETHY | AP ED
BTN a—)LOERELZE L& 272, F72 meridional B 3 JEENLF L4 & AV 72
AICHEEETT NV a— VB RE L E» o2, 25T TR R = Me2 BL W
Me2,Br)Z Bl F & 35 Ni(IDgE A2 il & Uiz & & | AHFE CORRSRME & Rk K
BERIOEENFET DHEITIIBD THRBRAICT Va—ABERL, Z0E X
mCPBA @ 0-O fEA DHERE# R TE LS Ph-Cl DERKEIX, T/LVa—LVOERE
DUVA~BRETHD ZEBBEIN TS I, ZHIZH U, RFFETRE L /- it
i, Wb T3 — VBIRMAEL . LA, Ph-Cl & 73— A OERERIT 12
~BETho T, ZORIGEIMEOERIT, SEEMEEOS THEICERTSEE X
bd, KRR TT L a—/LOBFENMEV &V H 2 E1E, Ni g5FE & mCPBA 73
RIS 5 Z &Ik 0 RA U IEHBEEEEN, T a— AV ORKRBILIZH L THEE
HELTWaa@ErmnW BB 65,
[22%] 1)a)S. Itoh et al. Dalton Trans. 2007, 1120; b) M. Palaniandavar et al. Dalton Trans. 2011, 40, 9413,

2) J. Nakazawa, S. Hikichi et al. Chem. Asian J. 2013, 8, 1191.
3) S. Hikichi, J. Nakazawa et al. Dalton Trans. 2013, 42, 3346; J. Am. Chem. Soc. 2013, 135, 6010.
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Alkane Oxygenation Catalysis of Nickel Complexes with Oxazoline-based
Bidentate and Tridentate Ligands
Takashi Izumi, Jun Nakazawa, Shiro Hikichi

Department of Material and Life Chemistry, Faculty of Engineering, Kanagawa University
3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama-city, Kanagawa 221-8686, Japan

Abstract: Applicability of a series of oxazoline-based bidentate BOX and meridional
tridentate PyBOX ligands as the supporting ligand of nickel catalysts for the selective alkane
hydroxylation with mCPBA has been investigated. The catalytic activities of the nickel
catalysts depend on the kind of counter anion of Ni(Il) and the molecular structures of the
ligands.

Keywords

Chiral bisoxazoline ligand, Ni complex, Alkane oxidation, mCPBA

In recent years, nickel complexes with poly(pyridyl)amine ligands and there analogues
have been reported that their efficient catalyses toward selective alkane hydroxylation with
mCPBA. We have been investigating reaction mechanisms of the alkane hydroxylation by
nickel complexes with mCPBA. By using facially-capping Tp® Ligands, Ni(II)-acylperoxo
complexes have been characterized. Moreover, 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. These findings suggest
that the selectivity of products will be controlled by designing the steric environment of the
metal center provided by nickel-supporting ligands. In this work, we have explored
applicability of oxazoline based bidentate BOX and meridional tridentate PyBOX ligands L1
— L4 as the supporting ligand of nickel catalysts for the selective alkane hydroxylation.

Catalysts were generated in situ by the reaction of the ligands with nickel(Il) salts (= Ni'"X»
where X = Br, OAc, BF4) in an appropriate solvent. Cyclohexane was employed as a model
substrate and the catalytic activities of the generated nickel complexes were examined. At
ambient temperature, the catalytic activities of all ligands complexes derived from Ni(OAc):
and NiBr, were not so high. Raising the reaction temperature (at 308 K), the catalytic
performances were improved. The activities of the L1-based catalysts depended on the X of
the Ni(II) salt precursors and the order of activities according to the type of X was Br > OAc
>> BF4 ~ 0. Also, the structures of the ligands affected the catalytic activities. The order of the
ligand-dependent activities were L1 > L2 > L4 > L3. In the BOX ligands L1 - L3, the
substituent groups which located not only proximal to but also distal from the metal center
might become tuning factors of the structure of the catalysts. The activity of the planer
tridentate L3 ligand catalyst was lower than those of the bidentate L1 and L2 derivatives,
although these ligands were composed of 4-phenyloxazoline derivatives. These findings
indicate that tuning the coordination environment of the nickel center is key to improve the
catalytic activity.
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P-21 ERAAF YV ) U EENT & T D EE(LNISE AR D
BHE & DT NV R AR TE M

(FRNKRT) OFESREE, TEIE, 7R

[ZEE] ERXAXY VY VB FE2 VY DICEEL, NUEEEHS® 5 2 & TRE—
REEL Ni SEARRBE A AR L, £/, SAEEIC T2 MR EB L DI —F
DIFEFEE LT NI 88K 2SR LT, Zh b ogkfigio mCPBA %@Eﬂ:ﬁl Ly
7 T B LRSI AR A RS Lim L 2 A, B—F. RH—F Ni b8
th& BITT D UBALTE R RT 2 R L,

[Z—7U—F] BEbsdkfitit, vxX3FH SV AVYR—FRL YD, TAHY
MRS

[(ES1EHRT O RETAX D2 N—R (R =1Bu,Bz)
Vv VRICEVAELS MY T %%iv

DS SENNTV (o 8 R o o P
Hen dTY) s ROy n rﬁ;
wn:ybkbfgméhfwéo\§*: i .
oz I SR O SR T ﬁj lj

BB TR L7 A Y K —F % ) G Lo
CYBBEIZZ Y v 2 RISEA popagyBOX  Caca o
THEET D Z & T B—REERSTF Scheme 1. Ligand synthesis route

fihft 2 N — R EAAR I~ BB T A Z & 2RATEE Y, £ LT mCPBA % ER{LA
LT ATADVEBLICERS Ni BEU Co BEMEERME » 22k 3
" bis(pyridylmethyl)amine BcfiZ == F % | fl & O LAIBIREF S FEHEUS O fil i
BT HIERMFICANVONRTHWAERLFXFYY ) BOX)2=y MNIBE#HZ D Z
& T, AEFBIZ bE A FTRE e B B L SE ARl ORBEE N ATREIC R B & B X T2, £ T
AR TIETa VXNV EEFTD BOX 27 Y FEEM Y Y hIERASERZET
BEELEAYR—=F R Y A SBA-L. BLIZFOH—ZERETHD NV TV U VE
BAREEALXY Y VENLF LR (R = tert-Bu (Bu), benzyl B2) AR L7z, Zh by
—RENL T LRI X UVR— KRB F SBA-L % Ni gEAfRE L U, mCPBA # (LA &
LIz TV VBRI 31T B a2 8at LT-,

[328R] Scheme 1 27”7 & 512, ¥—RENLF LRR = Bu, B2) # St F7/E T, =ik
(28T, propargyl-BOX & fert-butyl azide F 71X benzyl azide & ORIGIZ L Y EE
NER LT, £72. R¥E—RENF SBA-L iZ. [Cu(TPAFREEDIEET. 45°C 12k
VT propargyl-BOX & 7 ¥ FEAEMi SBA-15 B A Y R—F XA Y H(SBA-N3)E D7 Y

OZPFEZFITAZ - 2EbUlwhA - VDEHBLAD
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v 7 RSZ K0 B LT, B—REB L ORE —REMN FICBEBE = » 7 AWK % {E
HAEE3Z LT, T A28 REMABINIILR P, RE—REEEAE Ni/SBA-L %
AR LTz, D ORI DOAREIEM %2 mCPBA Z (LAl L LIz 7 o~
OBALISZ L VRRFE LT, PO ERBIITA 7 u~< F 57 4 —IZTiTo 7,

(R EER] Ak LI —RAIT, ESI-MS A7 FUIZBWT, ®indT57 &
T— MEKICRBEINDHFA 4 B —27 (m/z = 574 for [Ni(L®B")(OAc)]", m/z = 608
for [NI(LBZ)(OAC)[NZ 5 2 . Ni:LR=1:1 DHEN L2286 THDH Z L 2R LT,

Table 1 12¥—%$ X ORE)—REEAAEEIZ X 5 mCPBA X BR{LHI & LIz 7 u~®

Y UBAL SO R EZ AT, NI, ZIRTOXiG(entry 1) TliX, BEHRO
NI(TPA)* IR0 + U 7 V' U )V E %5 T9 bis(pyridylmethyl)amine $5{K D & L35 & i
TIREETHY, THAa—V@BREBEN -T2, 2L, LR O 7 = = VEOSLIKE
EWZEBALOLELZ, 35°C ICRBELEEZA, EEBLIOT L a— B REOR b
DR HALTZ (entry 2 vs 6), [NI(LBHPHIZIR W Tid, BEIZ MeCN 2 BB TT L
o — VEPED R 5 TV e(entry 3 vs 4), 2KV, BEEEORRMECENL ) OF HIZ
U CHEMETHEERT EFEOEMBENELT I AR INE, ik,
entry 5 12T K 912, R —REEERAMEICBWN T LY —REEEAE L RBEDO T L=
— VBRI L, TAD U KER(EARE E U TR T 5 Z L S HERR S e,

Table 1. Catalytic oxidation of cyclohexane with mCPBA
OH @) ®)

mCPBA
(2 mmol) @)
» + +/ L
Cat.

(15 mmol) (2 pmol of Ni)

. TON 9 A/
entry Cat. Time (h)  Temp. Solv. A < . (K+L)
1 [Ni(LBw)? 3 r.t mix ¥ 15 9 27 0.42
2 [Ni(L®Bw))2 3 35°C mix® 502 57 51 4.7
3 [Ni(LB%) > 6 35°C mix? 334 26 . 59 3.9
4 [Ni(LB2))> 6 35°C  CHCL 378 9 43 7.3
5 Ni/SBA-L 6 35°C  CHCL 117 13 9 5.4
69  Ni(OAcp 3 3%°C  mx? 18 7 0 26

a) 3 mL of CH,Cl,+ 1 mL of MeCN b) 2.5 mL of CH,Cl; c¢) TON = [product] / [Ni] d) ref. 2

References :

1) J. Nakazawa, T. Hori, T. D. P. Stack, S. Hikichi, Chem. Asian J. 2013, 8, 1191.

2) J. Nakazawa, A. Yata, T. Hori, T. D. P. Stack, Y. Naruta, S. Hikichi, Chem. Lett. 2013, 42, 1197.
3) T. Nagataki, Y. Tachi, S. Itoh, Chem. Commun., 2006, 4016.
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Development of immobilized nickel complex catalyst based on bisoxazoline
ligand and their catalytic activities toward alkane oxidation
Kengo Sakamaki, Jun Nakazawa, Shiro Hikichi
Department of Material and Life Chemistry, Faculty of Engineering, Kanagawa University

3-27-1, Rokkakubashi, Kanagawa-ku, Yokohama-city, Kanagawa 221-8686, Japan

Abstract Immobilized nickel complex cétalyst was synthesized by anchoring of a
bisoxazoline ligand onto silica support via click reaction. Nickel complexes with
triazole-containing bisoxazoline ligands were also synthesized as homogeneous analogue.
These complexes exhibited catalytic activities toward selective alkane hydroxylation with
mCPBA under homogeneous and heterogeneous conditions.

Keywords Immobilized complex catalyst, Bisoxazoline, Mesoporous silica, Alkane oxidation

Triazolyl groups resulting from click reactions of organic azides and alkynes have been
employed as not only nitrogen donors but also linker units of hybrid materials including
immobilized metallocomplex catalysts. We have developed a variety of homogeneous chelate
ligands as well as immobilized metallocomplex catalysts by using the click reaction?. In this
work, a novel triazolyl group-connected bisoxazoline ligands LR (R = fert-Bu (/Bu), benzyl
(Bz)) were synthesized. This ligand LR was designed as a homogeneous analogue of a
mesoporous silica-immobilized one, namely SBA-L. These ligands were applied to nickel
complex catalysts for selective oxidation of alkanes with mCPBA.

The homogeneous ligand LR were obtained by reaction of propargyl-BOX and tert-butyl
azide or benzyl azide in the presence of a copper catalyst at ambient temperature. The
heterogeneous ligand SBA-L was synthesized by reaction of propargyl-BOX and
azide-functionalized SBA-15 type silica in the presence of [Cu(TPA)]* catalyst at 45°C. The
corresponding homogeneous and heterogeneous nickel complexes were obtained by the
reaction of the ligands with Ni(OAc)a.

Catalytic activities of [Ni(L®)]** toward oxidation of cyclohexane with mCPBA were
examined. At room temperature, TON and alcohol selectivity of [Ni(L®")])** were lower than
those of the previously reported [Ni(TPA)]**. However, the catalytic performance of
[Ni(L®%)]** was improved under higher temperature condition (35°C). These behaviors of
INi(L®)** would be attributed to the coordination environment of the nickel center. Bulkiness
of 4-phenyloxazolinyl groups in LR seems to decrease the formation late of a putative
nickel-acylperoxo intermediate as well as hinder the substrate approaching to the active site.
In the homogeneous reactions with [Ni(LB%)]**, the selectivity of the products depended on
the solvents. The immobilized complex Ni/SBA-L also exhibited alkane hydroxylation

activity under heterogeneous condition.
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M X F UL a Y U HEO HEERK B T 04y 8 R B
OffifE #ith Y, AH MHEL HIF B2 4 AB?
Cahzs)llRBz - BE, 2o E BRI R ERS v & —)

[1ZC®ic]

vua Y LIRS - A AR TR L L TEROMEY T, BRI X F v
XY (VMSYEIZEN O DR T T A FIRTFIZATF I 2 Ofic L CERIIRIEE &
RoTebDThH D, ZLHDILAWITER I LML FRINTZEE T SRR RS O 1
NI B ZFFoT7c =Y F 7 fah, i, WHIFEORD 7 A FEmmn T OaH
R E L TR HWSONTE 72, Lo LiTEE, —HOIbEMIZ W TEREZRE MDA & 2>
L0 EEEREORELH D, IRICY 27BN TEh o2 H 5 Y, 2ok
D 2 S OYE DOBREEENRE DRI 0 if - BEEALSIS DBHFED RO 5TV DA, 4 HIZ
BDHFETINODICEV DRI HOWTOREFNIIEF I D72, Xu bR T
DHACBIRE PRI BIER S HICEE e ¥, Z 2 TRIFFECIIEER TAL AV LR
TW2d—HFT, BEPTHREHEIATWDSIRENZR cVMS H Th D
Octamethylcyclotetrasiloxane  (CgH2404Sis . D4) I8 £ Y Decamethylcyclopentasiloxane
(C10H300sSis. DSNZDWT, FIRHEEOKIZITEE L WA 2 Lo . A%
RS ET DAER DN 8 2 MR K V% N CTORT 5 2 & Z2/at L, AR O 21T -
TeDOTHET D,

HiC  CHa Hf‘c\ I;CH“
\S./ - "
o "‘-a-.a HiC o \ /C 3
HaC CH N s
B fr l"u, P H C__...-—SI "——CH,
8 S D4 ol \ D5
HiC™ J/ TcH o o
3
1
A HiC™ HO’;\'HCH
H,C  CHy HC CHy

(5]

FOSE AT > b AR Y 77 7 2 —(NZ5FE 11 mL)IZ D4(33.7 umol) F 721 D5(27.0 pmol)
EHMAKG ML) ZE AN, TAT U E IR ALEAN L% EE L, 200~300 CT 0.5
~6 RFINENT 5 Z & CTiTo 72, F7W Al & L T2MH,0, % 5mL N2 72 s b7 - 72,
S D D4 & DS OEBIZERICESE ¥, ISRAWE~FF TR L, Go5niz
AN PRI A KRR T N U U LTRSS, —ERTEE CTER L. FID SR A 2 72
A a~< N7 7IZ8ALTERE LT,

Investigation of degradation behavior of volatile methylsiloxanes in subcritical water

OTakuya KAKIZAWA?, Yuzuka KURATA?, Yuichi HORII?, Hisao HORI*

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

Fig. 1 [ZHRR R PHS T T 200~ 100
300 °C. 0.5~6 RIS & /72565 O
D4 & D5 DFEAFERD SRR AT
Zavd, D4 L D5 OEDIFIEED
S & LR <4, 300 CTixdtiz 2
BF CIZIETHER LTz, F£72D5 170
TUFPRT TR S ¥ E bR 20
FEHRT L FRREEM e 7 7 A 0
IINMEBNTZ, B2 M H,0, 2
MUT5E813 1 B CIRIEW R L, Reaction tme / h

fpZEx- 1T 7L FEHAT. D5
300 CT 6 WIS S B 72LA 12X
D4 & D5 O FEITMHBRLLT & 100
IRl is, ICP BT LV | BUR 80
AT D5 IZE 40D Si R D 91.7%7)3
BRI D ~F 3 it # oK@z &
FNDHZENBGIhoTz, ZTOKEE
LCMS THEIE DRI ZAT o ol . A
FIVEED — D KA B S Tz
[Mex(OH)y]n (X = 2~5, Y = 2~8) 3 il 7 0 '

B koAl U ARSERRI S 3 5 miz i ot 2z 8 4 56T

ZROE—I7 BB SN, ZhubiE Reaction time /h

AF Y NIRRT KIZHE LAY A200°C [J250 °C @300 C

ToH D OERBFFEMEITERB L TH

AHhEEZHID, Fig.1. Reaction-time dependences of the
decomposition of D4 (upper) and D5

(lower) at various temperatures.
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HEESRKZ WD Z &2k 0 BRER
PO SN REHR VMS TH 2D D4 B L UND5 2 RANZ R TE D Z & Z DG
(XD AF VIO —EDKIEIEEWR SNTACEWMDERRT D Z Loz,
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4) H. Hori, Y. Nagaoka, A. Yamamoto, T. Sano, N. Yamashita, S. Taniyasu, S. Kutsuna, 1. 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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FEDF A2 2F2 7 v RFRREAEH] O HER KD AL DR
Of{H 5.8, J A%
CUFIIPN R

[1ze®iz])

7 v F R HALER AN XM EWECT R BN TV B 7o Dbk 2 R EECER ST E 72, L
L7273 5 2000 F-LARE, — OB IZ S\ CEREERBDBRE ST, ofif - BELITEO/SE
DEEANTAT DO TS, L LR S 2 E TITHFFER R L o> WL, Fox o DE 50T
ECTNHVERBERIIKEBEAS AL DT AL LV T A T VXML (CFumy) ZHRFOA
RS LAIANVRUBOT =F ORI NS b DT, B0 F4 0 2R O5512
OWVWTOFREFNL, HEHEASNTWHDIZHLINbLTHEETH-T-, &2 TAFFE TIEE
FE¥T 0 A TRIBEAALE L L TR SN2 2H %8 LW ELFEAI[(CsHs)sS][CoF20+1S0s](n =
1, HIZHONWT, Flix DiRITTAl (Fe, FeO) D WIIERLA] (0 ZEIN L7 iR K £ 72 1B AR
KIETT AEA A & TRfRT 5 Z L 2Rt LD THET D Y,

(5]

[(CeHs)sS][ChF20+1S03](n =1, 4), ik (10 mL) 35 X OEEy (9.60 mmol) % 77 /L = R H T
MEY 7 27 Z—IZAfL, TI/LT 2 HAT05 MPa £ TIESEH L., frEDIE (76~377°C) *
TR Lo, —ERMRE%E, BRETEH L, KHEEZA A7 u~ N7 T7 7 40— A A PR
< 77 4—BELOHPLC T HAME T A a~ 7T 7 4 —8BLWOGCMS THHT L7,
R D72 D8N 2 N L 72D BUGRe . S DR W IZEEFRE T A 2 AW T BUS 21T > 72,

[RERLEBLE]

BB A2 I LT 6 RIS S /7256 OKHIZE T B[(CeHs)sSI[CF:SOs] D 7 =4 L4y, 772
b CFSO; DIk & F O BEDIREKRTMEE Fig. 1A IZRT, CFS0; DF% {7 &% 250 °C %
R THT20 b L, 343 °C UL ETHRHRALUT e o7z, ZHUTHIS L TFERAERL, £
DU (FE V% SRS HTD[(CeHs)sSI[CFsSOs] 1 D 7 v R F-E /A Thi L 72 i) X 373 °C T
T43%I25E LTz, £72K02I3E (~0.1 pmol) @ SOS bt &iz, B F A4 4y (CeHs)sS*
1% 152°C THIHIED 1.7% % TR L, 245°C LU LTl & hnoTz, Z OFERIZ(CeHs)sS D
L CFsSOs L 0 HIKIE CRlth SN D Z L 2 ERT 5,

— 5 1 AFNZIE CeHs. CHF 38 LT CO, A &z, £ & OAERE O KSR ERITIE % Fig.
1B {2757, (CeHs)sS DA iRIC 5 CeHg 1L 76 °C & W I IKIR D RISHRIEICB T H B &,
ZOERMREIX 373 °C T TIREDO EF & HITHFNTHEI LT, £ 72 CFSO;s O3 fRIZ K3 % CHF;
1%, KD CF3S05 DFEIFR DK FITIH LT 294 °C~373 °C O#ilH CHE I AR LTz,

Decomposition of fluorinated surface treatment agents bearing organic cations in subcritical
water

OHiroaki YOKOTA, Hisao HORI

Graduate School of Science, Kanagawa University, Hiratsuka 259-1293, Japan, E-mail:
h-hori@kanagawa-u.ac.jp
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CO IFETOIE TR ENI=N, %
DRI 343 °C UL ECTREICE Do T2,
343 °C LA | Tl% CFSO5 13l LTV %
728 Z D CO, 1F U AR D 43 12k
LTWbEEZBLNS,

345 °C CT#kMy 2 Ushne3712 6 e i
SHTHA . CRSO; DFRA7=:1T 88.5%
Thot (Tablel. No.2), 7. B 50 100 150 200 250 300 350 400
FUNI L 72\ CRER B A CROG & Temperature /°C

72856, CFSOq DFRAFHITL 67.5% % T 5
KT L7zb DD, FIULERIL 23.5%I28 £ S 4
D (No.3). Bely & VB (57.4%, 5 4
No.1) XV &fEd-oT, = 5 |
RS # B RA T E T LR S 3
b (374°0). BT EICHB E;' co,

WML NTHRIS S TG ED1E D

PENED FARFLI, ZORERITT

NV B DY T 96.7%, B R IX

HOEAT93.T%E oo 7-, Fig. 1. Temperature dependence of the product
[(CeHs)sS][CaFsSOs]iZ 50 Tl FeO % amounts: (A) in the aqueous phase and (B) in the

N U 7= BB FUK (377°C) GRS & gas phase. An aqueous solution of

T3, CaFeSOs 1A HI 7 B % L. [(C6Hs)3S][CF3SO3] (1.00 mM) and iron powder

F 78 60.206 DY EE T/ S 47~ (Table 2. (9.60 mmol) were heated at 76~373 °C for 6 h under

No.1), FeO % Ml 1c MBS argon.

TORIGESEEEAE, Lv%< o F  Tablel. Decomposition of [(CsHs)sS][CF3SO3] in

AR L. ZFOICRIE 99.5%2# L, subcritical water (reaction time: 6 h)

FECHELESICEMILTEZ~ No. Gas Reducing Temp. Remaining F
(Table 2, No. 3), agent (°C) CFsSO;  yield

S BIZH AFHIZIL CO,. CeHe. C3FH (%) (%)

) 757\
50 100 150 200 250 300 350 400
Temperature / °C

B L ONC4FH P 7=, 1 Ar Fe 343 0 57.4
SR TGRS T D, 2 Ar none 345 88.5 10.6

3 O, none 343 67.5 23.5

[ZZ3Cwk] 4 Ar Fe 373 0 74.3
H. Hori et al., 1) Environ. Sci. Technol. 5 Ar none 374 0 96.7
2006, 40, 1049-1054; 2) Catal. Today 6 0, none 374 0 93.7

2012, 196, 132-136; 3) Ind. Eng. Chem.

Table 2. Decomposition of [(CgHs)3S][C4FoSO3] in
Res. 2013, 52,13622-13628; 4) J.

supercritical water (reaction time: 6 h)

Fluorine Chem. submitted. No. Gas Reducing Temp. Remaining F yield

agent (°C) CF3SO3~ (%)

(%)
1 Ar FeO 377 0 60.2
2 Ar none 376 23.1 26.1
3 O, none 377 0 99.5
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Efficient photochemical recovery of perrhenate from water
(Kanagawa Univ.) OTSU, Takafumi; HORI, Hisao

Abstract: The photochemical recovery of rhenium, a rare metal, which has been used as catalysts for
petroleum reforming, components of electronic devices and so forth, from water was
investigated. Here we describe that the perrhenate (ReO,") ions in water were efficiently recovered as
precipitate that consists of ReO, and ReO; via the photochemical redox reaction with 2-propanol as an
electron donor. Although an induction period prior to the decrease in the ReO, concentration was
observed, the induction period could be eliminated by introducing acetone to the initial reaction
solution. The effect of coexisting molybdenum on the reaction system is also reported.

[FF] v=vnix@Emin, @i, aiteESEoEn-HE &2 Ro L7 A ¥V ClBIHEVE 4
RAMBEAOMBEE L TEA SN TNDN, LT A X LOFRTHHBFERN R DD 70
SR THD, L= NIHEKEIL (£ 7T Offa) OREBET AFR ORI =7 A(VI)E
WL =7 LA A (ReO,7) & L TKHFICHE L, 7 BE=TKEZIRINGE, INEEHE - WA
WCEDHMmEREYIETZ L CRESN TS, Lo LAaRnbifir = ARREIZETO pH
T CARIZHIR TH D72 DIM T O L =7 ANENILTE HIG1E 40~60%I2#H X 72\, K
2D OEYLEEMEN Z & ZFER (BEEEY) #HWiEETEEb by, ZD7-% ReO,
Z KPS EE D OERICEN TE 28 LWHIEORBNEEN TV D,

ReO, 1% 280 nm LA F D W& WIS 5, % Z TH L IZ/KT D ReO & bl L, BG4
DO DETBEIGEKLZ LT ReO; & LTI DEET 2 AX — A2 HE LEREZIT->TX
2o TNETICE LA E LT 2-PrOH # 5 Z & T ReO, % ReO, I L U ReO; DIEEW)
ELTARTMNBIRIEREBICEIRTE S5 Z &, 2-PrOH 1IN ENT & s ib+5 2 &,
WD ERT 2 F TICEWIFHEHM (~10 K AFEET D28, ZHiE7 ' b o B+a4mK
L721412 ReO, 2 W L CH UG SEHAICITEET D 2 L S0MmRAE G TV Y, 2
SOFERERE 2. A TIEHGRICH LN UDT ¥ b2 M2 -EREIT- T2, ZOHE
R, BT OERICL = AEEINT HZ LI LTZ, 0B EDEY T
F oL OABEEIL S FATHE T D 2 L 2 SN LD THET 5 2,

[38r] tE KReO, (10.4 mM). NaClO, (0.10 M), 2-PrOH (050 M), 7t k> (2.32~
12.0mM) #Ete/kiEiE (10mL) %, 7oA I REGT TR LN S 200 W KR - 3+ 7
TG 220~460 nm DN ZE BRSTS5H Z & TiT o7z, RISREEX 20 Clcfk-7-, —ERER
§Hth. BONRGWE T LI RERF T T D Z & T E KMHE S BEL . KFHEA A
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vna~< 7T 7 4 —BELWICP FEHNIET, hE% ICP B iETotr Lz, £V 75
VERFESEENIGE, T 9.0 mM OFFELE F T K,;Mo0O, (104 mM) & W TITo 72,

2R & £ 23] Fig. 112K H1 D ReO R E D

BSSIICEE 2T, 78 b BRI L7 12 Iy 3 —

WIEA . ReO, MEEEIE 10 B £ TIE L A LI 10 8 8 00

WL T=DlZx L, 7T FE 9.0 mM % gt @ 9.0

VI L7855 1%. ReO, ILEIE 6 B¥II4 I 1T o 6 | @ 5

HIRALLF L o te, ZOWA, L=vin & 4l © SIS

VD 947 R LB L LTI TE =, o, L @ o
Fig. 2127 & b QPR A4 X -5 e 0 o ° 5

DK D ReOy i BE D RS RF MK M A 7R 0 5 10 15 20

4, 9.0 mM L 0 {EWE . ReO, DR # B Irradiation time / h

NS Aot — 7 00 mM E 1) @ s Fig. 1. Irradiation-time dependence of ReO,
1% RO, DID OIS 7 1 7 7 A /L1 9.0 mM concentrarion in the aqueous phase.
DOEGELEREEE Iro T2, T ORERITZNFEN 72 ReO, DFRZEIZIE ReO, DA E(10.4 mM) &
FRREDOT ¥ FAREPLETHDLZEZEWR L, Tk Frd ReO, RIDEETZALA i D I
JMCEER R Z R L TWD 2 EERET S,

Fig. 3 {2 MoO,” & A7 S B A DK T ORL =0 AR LORE U 77 L IRE O A I
RFEME AR T, 6 RFERIZIIKRTT O Re o iTiT & A EERESNIZDITH L, Mo plisridk
DA LT, ZORRNOAFIEIZ IV KT O L =0 LR OFIRA 72 B ATHE T H
HZEBHBNE TR oT,

12 12
[Acetone] / mM
10 ——120 s 10 RO -==-0-___
< —0 -9.00 = O
c 8 —=@= 4.63 ~ gt
= o fF-2.32 5
S 6 B 6 |
2 o . £
(O] . c
x 4 N o S 4t
== N S
N
0 1 1 1 1 1 o I—— 0 1
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Irradiation time / h Irradiation time / h
Fig. 2. Irradiation-time dependences of Fig.3. Irradiation-time dependences of total
ReQ,4 concentration in the aqueous phase rhenium and total molybdenum
containing acetone at initial acetone concentrations in the aqueous phase.

concentrations of 2.32~ 12.0 mM.

(1] B AB. HERWA. =amkd, ACKEEEL, ZIRE =, /htfnde, 2013 (b5 5t
£ 2B07; [2] H. Hori, T. Otsu, et al., submitted (2015).

—627 —



20158 bFatas (2015), KBk
75774 MREAURBERWTZAKFT I VEHOREE

5y

(FRZSJIREL - PERRBT 2) OFnih A ' - 28 R/R="-8 AH"?
Visible-light induced decomposition of monoethanolamine in
water with graphitic carbon nitride

(Kanagawa Univ.!, AIST?) WACHI, Shohei'; SANO, Taizo? HORI,
Hisao?

Abstract: The visible-light induced decomposition of monoethanolamine and releted chemicals in
water by graphitic carbon nitride (g-C3N,4), which was prepared by condensation of melamine, was
investigated. Aqueous monoethanolamine was efficiently decomposed by irradiation of >380 nm
light under oxygen atmosphere by use of g-C3Nj.

()] 54, 777 74 MRE(LRFE (g-CaN,) 2SI HEIRE Foefiilt s UCERT 2 2
ERHOE TR0 Y, BRI T COKDODIEEDFFINEANHRE S TND D, g-CN,
PR LTBREAEWE OGOV T HZERH O —LERDREFDOREF D H D H O
DY, KB OFEEWE ERR L LIEHNE, nv—F I BRAFILF L VEOET LAY
EHEALTOWAEABRKETH S Y, AWFZETIE 4 D g-CNy, T72bDH AT I & ik
L C/E 7=l o3k (Std-g-CoNy), Std-g-CaNy % 7 /L U ¥ TR BULEL L 7= 3kt

(HT-g-CsNy), & BHITiE HT-g-CsNg IZ Pt &5\ id Ag Z#HEF L72ikk (HT-g-CaN4-Pt,
HT-g-CsNs-Ag) ZHWTKFDE /) =X J— 7 I (MEA) 07 I U HEO A RE T
TOofiR%E R LT O THET 5,

[251]

Std-g-CsN, 1325 X RS T A 7 X % 550 °C T 2 BFREIINZA L, =i F THEIZITHI:L
Tz, Tz 0.1 MUKERLT b U » LOKEHE & 12 PTRE ROMHEARZFZ AN, 110 °C T
18 BERIANEAT % = & T HT-g-CaNy 27372, = @ HT-g-CsNy & H,PtClg &> 2\ M i% AgNOs YA %
FIOTHRBHIEIC LD HT-g-CoNe-Pt 5 X U HT-g-CiNe-Ag A7, PLIS LU Ag ORI
1wt TH 5,

MEA DA RS IEME « TG &MED Y 7 27 % —I2 MEA OKEE (5.03 mM~5.18 mM,
22 mL) BETGCN, (30 mg) A, O, A% 05MPaALIE, Ft/ T 7h
Oy NAT T 4 —FSr L TR Z B (5380 nm) 975 2 & TIT o 72, BUSKF O
MEA O EBW RNZAERY OERIZA A 7 a~ N 7T 7 4 —T{TW, TAMEFOERMIZD
VTl GCIMS THMHT L7z,

(G SR

—628 —



20154E 6 b Eatas (2015), KPR

Std-g-CsN, 8 & OV HT-g-CsN, DL R EEIZ TN EN 7.7 m g B LU 65 m’ gt TH Y, TLh
U OKEVILVERIZ X 0 He R AR T AT B L7, Table 112 HT-g-CsN,, E7E0 A, JCHRES (17 B
) DOMAEDOHEIZEIT H MEA ORFIRE A RT, HT-g-C3N,, O, 35 X UERH 3 [FIRFIZ A7
TET 5B DI MEA ORI Z 5 Z &R ghoT,

Table 1. Remaining MEA concentration under several combinations
between catalyst (HT-g-C3N,), light irradiation, and added gas *

Light Remaining MEA
Entry  HT-0-CaNa diation C% (mM) [ratio (%)]

1 present present 0, 3.65[72.5]

2 present present argon 4.85[94.1]

3 present none 0, 4.89 [94.8]

4 absent present 0, 4.75 [96.6]

? Reaction time, 17 h.
Flg 1 0:, 02 I A #QT?‘FVG: D 4 *ﬁ@ g-C3N4 6
W56 D MEA JREE O LIRS R K (7 L @ Std-g-CN,
PEZ T, WFILOSA S MEA JRE IR & 5 © HT-oCN,
IR = A HT-g-CN,-Pt
5 G\_{BZ/ Lﬁ_o Std'g'C3N4 L HT'g‘C3N4 6itt§ E o v HT-C3N4-Ag
RS LT 722 b DD, MEA DR L ot ®
. N
FERBEL o, T, SREEELEYE 2 v 2 °
& (HT-g-CsN,-Pt 35 L 1% HT-g-CaN,-Ag) 13, 3 | ot 3
HEFL 2V 54E (Std-g-C3Ns, HT-g-CsNy) (2 A
AT MEA IRE DD EITE < oo T, 2 oy
e P N 0 5 10 15 20 25 30 35 40
— RO HIZIE NO- L&D NO; 723k Irradiation time/ h

Hi &7z, Fig. 2 (2 BUGHEH 0O NO, 2 D SR Fig. 1. Irradiation-time dependence of MEA

FHERUEAEME 27”9, HT-g-CsNp-Ag DA

NO, DA EN T bR\ Z &N aD D, 72

BOWITNORIGGEETTH VAT

B “EMbRFE LRI S o Tz,
BUE, BUSHET OO LR ORI R &

D EHIRFRIEOREEIT->TEY, 7

T A&7 2,

[1] Y. Wang et al., Angew. Chem. Int. Ed.,
2012, 51, 68; [2] . J. Zhang et al., Sci.
Adv. Mater., 2012, 4, 282; [3] T. Sano et
al., J. Mater. Chem. A, 2013, 1, 6489; [4] S.
C. Yan et al., Dalton Trans., 2010, 39,
1488.

[NO, ]/ uM

—629 —

concentration. The aqueous solution of MEA
was irradiated (>380 nm light) in the presence

of each g-C3N, catalyst under O, atmosphere.
250

@ std-g-CN,
200 -1 O HT-gCN, v
A HT-g-CN,-Pt
N S 4 HT-g-CSNA-Ag
v A
100 |- A
v @}
50 | O o
S ® o
0@ 1 . 1 1 . 1 1 1 1
0 5 10 15 20 25 30 35 40
Irradiation time/ h
Fig. 2. Irradiation-time dependence of NO,~

concentration. The reaction conditions were
the same as those described in the caption of
Fig. 1.
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Decomposition of PCTFE in supercritical water

Yuki Furusawa, Hisao Hori
Graduate School of Science, Kanagawa University

h-hori@kanagawa-u.ac.jp

Decomposition of poly(chlorotrifluoroethylene) (PCTFE) in high-pressure hot water (subcritical and
supercritical water) in the presence of either oxygen or hydrogen peroxide was investigated. When
the reaction was carried out at 380 °C for 6 h in the presence of oxygen, at which temperature the
water became supercritical state, the yields of F~ reached 59 %.

1.#8

7 v FAR Y~ — LB AL, THEEEOEN T E 2 A L TWVD, ZOHkkx
TRPEFES I THW BT\ D DSBEFEY) O 73 fRIVER 5 VE IS5 \ZHENL S AU TWV R, BERILER
ITARETH DL B DD, FEZR C-FFANORY > TN HedmT R F—2LELE T 572
TR IRITE S THRAET D7 v ALKF T A (HF) IZH 2 9 DRFERIIFM BB TH 5,
ZDTDBUR TITBEEY O KNI D N TS SN TWD, 7 v FRAR Y ~—DBEREY) % F2F0
REMETT At A A (F) ETHMTEL, DA T LABIZEY CaR ICEHTE 5
D TAFITHFIN LN T v FEIROTEERFIH A FIEEIC 72 D,

REWRT7 vBER)~—THLHRI T hI 7t F L (PTFE) 137 vERY ~—D
BFEED 60~70 %% HOTWVN, WA LA TERNEWVWIRERH D, Z O DIEENINL
DARERE A 70 7 v R AR Y ~—NRRFE I, HEEBIERL TS, R Z7mr ) 7rdnm
~F L (PCTFE) 1Z%£D—FTd %, PCTFE |L PTFE (ZH~5 Lt
BWEITS D b OO0, KBRS, BRSO 24 L, R F
SNVT = AR 4 NVA, TV Ra A RBE VAT 4 AT
LA AL LTHC BT S, AR TIL PCTFE &, MY £l
ALK (H0,) ZHRbAl & L CEUK (HEERFAK, HESRK)

FCoET 5 2 LR LIEOTRE T D, PCTFE

2. EE

FOSIEIE U 7 7 212 PCTFE (30.0mg, 7 v B E A= 489 wit%) &ifEfik (30mL) %A
AU, EESEH A (1.1 MPa, 29.5 mmol) %38 A L 7=#%%Ef L, 300~380°C € 6 REfMMET 5 = &
TIT o720 H0, 7K & W AT ORI 012 2.0 M H0, K E ANT=t%, TV H A
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PEA LT, Bk, BIBFTEAHD L, KMHE TR 7 e~ o797 40 —BLOT A7~ K
757 4 —EESWIET, KBEZA A 7u~ T T 7 4 —ThHhT LT,

3. MREEBR

FAEBY & L TKMEIZ F & CIAy KARIZ CO M S 7z, KARIZITIE D CFH X C,Cl3F;
LR Sz, £ < O%hE, BAOEGEEREN LT,

Table 1 \ZERE /T A &8 A LI=358 DL OWE BORERFEZ/RT, BEDO LS Lt
IZF. ClUBXONCO, DA EITHEM L, 380°C T F LKL 59% (BUSHTOR U ~—Hd 7
/7@@%0)% L L7-fH) 2L,

Table 2 |12 Hy0, K& A L T 6 BEE SIS S B 712358 O A OWE B OIRFERFIEE 77,
F & CO, DAEREITMBEN A EBALTIGE LFRRE CTH o720 Clm OAREIZZ L ool

IS DEERIIZ DUV TS S35,

Table 1. Decomposition of PCTFE in the presence of O,: Effect of temperature
on the amounts of the reaction products *

Temperature  Pressure CcoO, F Cl™
(°C) (MPa) (nmol) (nmol) (nmol)
[yield (%)] [yield (%)]
300 10.4 31.1 12.5[1.6] 21.3[8.3]
350 18.6 281 363[47] 50.1[19.5]
380 25.8 382 456[59] 271[105]

® PCTFE and pure water were introduced into the reactor, which was introduced with
0, gas (1.1 MPa, 29.5 mmol), and then heated at the desired temperature for 6 h.

Table 2. Decomposition of PCTFE in the presence of H,O,: Effect of
temperature on the amounts of the reaction products °

Temperature  Pressure CO; F Cl
(°C) (MPa) (nmol) (nmol) (umol)
[yield (%)] [yield (%)]
300 11.6 45.0 17.0[2.2] 53.2[21]
350 19.0 267 347[45] 141[54.9]

"PCTFE and an H,0O; solution (2.0 M) were introduced into the reactor, which was
pressurized with Ar gas (0.6 MPa), and then heated at the desired temperature for 6 h.

4. Reference
1) H. Hori et.al, Ind. Eng.Chem. Res., 2014, 53 6934-6940.
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Decomposition of the fluorinated room-temperature ionic liquid
[MesPrN][(CF;SO,),N] to fluoride ions in subcritical water

Takaaki Ito, Akihiro Takahashi, Hisao Hori
Faculty of Science, Kanagawa University
h-hori@kanagawa-u.ac.jp

Decomposition of [MesPrN][(CFsS0,),N], a typical room-temperature ionic liquid, in subcritical and
supercritical water was investigated with the aim of developing a technique to recover the fluorine
component from ionic liquid wastes. When the reaction was carried out in pure subcritical water at
342 °C for 6 h, 99.0% of the anionic moiety, [(CF3SO,),N]", remained, and the F~ yield was only 0.8%.
In contrast, in the presence of zerovalent iron, the yield of F~ increased to 51.7%. Although the
reactivity of FeO toward the anionic moiety in subcritical water was lower than that of zerovalent iron,
the reactivity of FeO increased dramatically when the water was heated to the supercritical state, under
which conditions FeO underwent in situ disproportionation to form zerovalent iron and Fe;O,.
Specifically, when the reaction was carried out at 376 °C for 18 h, the F~ yield reached 89.9%, which
was the highest yield obtained under the tested conditions.

1.#8

7 v FRA T RTINS OB RIS ZE T, RWENME, @A A U BEEEOE
NEMEEZELTWS Y, 207 ) F 7 LA 4 Bl AR oy R E 25 D 45 ff =
FNF—F N ZADOKERI & L TEA IS5 D8, 824 72 5 AR 5 E R EE L7\,
FIRTCOREANIFRECH LN, YRRV —2 VB LT 572 TR, BT 57 vk
KB AVBERIFM 2 HCSELERH D, Zb OBEFEM Z B2 54 T7 kA A
v (F) T cEiul, BEFO ALY T DR TT vt h v T DMIERTE, 7 o1k
TN LT ALK FEBOFE 2O TT v FEPOIEERFIAIC OB TE 5, Fox 1IXLAAT,
Li[(CFsS0,),N] > #i g itk 6 L OB EG UK I CONRZEE 2 30X, Fe =° FeO 2B THlE LT
AWVWS LT FETHRMIHMTEL La2MELE 2, SEITRETHAETH D
[MesPrN][(CFsSO,),N] (22W\W T, Fix DiEILHl (Fe, FeO) & 2 W XEE{LAI (O,) ZUShL
TG R L OB RAK SIS TFE TOCTE 5008 9 il l=o TG4 5,

2. EBRAE

O Z[MesPrN][(CF3S0,),N] L i tAl (Fe & 5\ N\E FeO) . 38 KONk (10 ml) A it <
SRS IS AN, Ar FEFHR T TEE %, 246~376 °C T ERMIMENT 5 Z L TIT - 72, Kt
BOKMIIA A7~ 7T 7 4 —BXOLCMS T, H AfRIX GCMS TH#r L7z, Higo
7o OB ITHI Z MZ IR WSRO ZBR{bA & L THWEIS BT -T2,
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S HEREEBE

Table 1 |ZHERE UK (342~345°C) F /- iFAREFI/K (375~376°C) T 6h LS HED
fE R Z T, [(CFSO) NI 1L MiFLZe di g Sk (Ar FRPHK) TIHIZEAERM L2 o T

(Entry 1), #BEGFKH (375°C) THUL Z® 7284, [(CFsS0.),N] DFEAFHIT 9.4% F TIK T
L. FULRIT 183% & 72~ 7= (Entry 2), [Al US4 T LIi[(CFsSO.)N] % it S 72354,
[(CF3SO,),N] DEEFHRIL 71.3% Tl o 72 2, Z OEWNIBEA 7 o DB AI[(CF3S0,),N]" D 43
ICHELTWDZ EERT, O, 8 A L CEEESR/KT (375°C) THUG X E7-54 (Entry 3) .
[(CF3SO.) N DFEAFRIZ 21%E TR T LIZb DD, FIULE (19.7%) X ArOBEAEITE AL
Ebobliinole, Fe ZEANL THEFEFKPCRISSEIZE T A, [(CFSO) NI 13R H =47
<720, FIILES5L7%ETEA L (Entry4), T2 CFUILEO S L7 58Mz ML Tl
BE AR CROG S B THEN, FICRITHER KOG A EEb 572> 7- (Entry 5),

FeO ZE AL THERFKF CRISSETHE, FICRIX Fe DGA LD b7 0D

(Entry 6) , #EESIKH (376 °C) THUG S 725 ITIXRIEIZIEI L T 84.1%IZ32 L 7= (Entry
7)o ZOIRBETRIGHMZ 18 h ETIERE L& 2 A, FUCRIL 89.9%IZFE L=, ZAUIFAHF
ZETHOLNTKED FILRTH D, #HE TIT IS DOOMEREIS OB E LIS\ T
HET 5,

Table 1 Decomposition of [MesPrN][(CF;SO,),N] in subcritical and
supercritical water under various reaction conditions

Entry ? Gas Iron-based T P Remaining F
reducing I°C IMPa  [(CF3SO;);N]”  yield
agent 1%° 1% ©
1 Ar none 342 15.0 99.0 0.8
2 Ar none 375 22.4 9.4 18.3
3 (O] none 375 225 2.1 19.7
4 Ar Fe 345 16.0 0.0 51.7
5 Ar Fe 376 22.7 0.0 51.5
6 Ar FeO 344 154 6.2 44.1
7 Ar FeO 376 22.6 0.0 84.1

& [MezPrN][(CF3S0;),;N] (17.9 umol), pure water (10 mL), and an iron-based
reducing agent (9.60 mmol) were introduced into the reactor, which was
pressurized with argon or oxygen (0.60 MPa) and then heated for 6 h. ® Remaining
[(CF3S0,)2N] (%) = {(moles of remaining [(CF3SO;),N]")/(moles of initial
[(CF3S0,):N])} x 100. °F yield (%) = {(moles of F~ formed)/(moles of
fluorine in initial [MesPrN][(CF:SO,),N])}* 100.

4. References

1) H. Ohno, ed. Electrochemical Aspects of lonic Liquids, Wiley, 2011; 2) H. Hori, Y. Noda, A. Takahashi and T. Sakamoto,
Ind. Eng. Chem. Res., 2013, 52, 13622-13628.
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Preparation of a perfluoroalkyl sulfonic acid polymer by means of
subcritical water treatment

Hisao Hori,* Takehiko Sakamoto,! Atsushi Watakabe,” Yoshitomi Morizawa?
1Faculty of Science, Kanagawa University, ZResearch Center, Asahi Glass Co., Ltd.
h-hori@kanagawa-u.ac.jp

Perfluoroalkyl sulfonic acid polymers, which have sulfo (SOsH) groups in their side chains, are
conventionally manufactured by alkaline hydrolysis of a copolymer of tetrafluoroethylene and a
functionalized perfluorinated vinyl ether having a terminal fluorosulfonyl (SO,F) group, followed by
acid treatment.  To shorten these steps, one-step conversion of the SO,F group in the copolymer into
a SOzH group by use of subcritical water was investigated. ~ An effective methodology for this
conversion is detailed.

1.#%8

ANIVTNF T IF N —T )V AR RIS ROV T v a T L XL A JLIR PR
AU~ —iF, MEEMMESOmEE, A ARG EOBN I EE 2R o7, BRI
B EMEEOERMEE LTHOWORTWS, ZORY~—i, T hT7FnxF L
&L RIgIC 7 VA v 2R =V (SOF) (T 57 An e =/Lo—7 )UtEWeE D
HHEAK (SO F RNV ~—) &, 7B VKT D & T SOF HaA/VF IS L,
S DICHRAEE L CALKRIE (SOH) ICEH 352 }:T@%ﬁ:ézﬂfw b, T LTHELALR
U~—X, 5T a—/LKERP TIE L TRk REIC L TRISME SN D B8 B 20,

/\“/1/7/I/ZL1:1 ANVKUEERRY v—3ZD L) foﬁlﬁ%ﬁ“(i@zméh“(b\éﬁ\ TV U

OYFRAVER D TFE, BB TR, B O TRO% TV K LIThh 2 KEEETELED

F}E«ﬁm\%\ééﬁé WO MENH D, & T CEHAITEED 2 K DB & 2 MK
% FVNT, SOF R U = —D SO,F Hi% SOsH Hin—EEps CAMT 2 = L Mat L= Y, ~L 7
A B AR CEER Y < — 1 THEE K TN 5 & mHIE G KIS LTORIBICe D 2
ERMBINTND D, 6o TZDOHEIT L W BEORIRIL TR EZEME CE R85 5, M
T OFER, 290 °C DR KE WD Z & TRY ~—E8HDO 0% Hifi] Lo, SOF Mz
ThRANZ AV R IR CEWT 5 Z LIRS L= THET 5,

2. EE&

FERITIL SOF H:% 1.10 mmol g & H 425 1 24 L7z, 22 hEkiE TNk 4% L T SOsH
HEHTHRY) 225K LG OEEVEY & (My) (£79,000 Th -7z, HERHK
FONE 1 (30 mg) & ik (10 mL) % A as AL, 7 /v =2 2 77 A % 0.5 MPa 3 A%, 280~330
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°C TO6HFREIIMEAT 5 Z & TiTo 72, FUNKRTIZEENDFA G NFIA A7 u~w T T 7 4
—TCEE L. SOF MM SOsH FE~EH SN AR IX BRIV (ATR-IR) THIZ L
oo EHICHINKICEENDRY ~—D5FEIT T A AR n~ 7T 7 4 —THIE L,

Subcritical water

%CFZCF2%<CFCF2% . %CFZCFZ%@FCFZ%
X ‘ y X ‘ y

OCF,CFOCF,CF,SO,F OCF,CFOCF,CF,SO3H

CF; CF,

S HERLEEE

Table 1 |2 E7efE R %R, 330°C THUL S H7286 (Entry 1) | SUSIED IR AT KLIC
X SOF fso v —2 (1460 cm™) MR SR ->72— T, SOH DO E—2 (1060 cm™) 73
B SN2 Z EDBIKSIRNFERITHEIT LTI Z E XD o T2, LIRS FA 40t
% SOF FED MK RN S A U 5 BigmE (33 umol) LV 72 %<, M, b 6000 & HEk
ETHRIEGE XD Y/ NS hoTe, 2D DORERIL, 2 OFMTld SOF DK iR
TR, FHOSMLELD I EEEWT S, 280 °C OA (Entry 5) . MUK FRITES
WZITHEAT L r o7z, 290 °C Tl (Entry 3) | FA A > OAREITHEGREZ %2/ LA 5 FRE
T SO F DB —7 HIEEMEE L7220 | MKGFENIZIZTER LTz, 20860 My, i (53,000)
FERETHEERBOBRAEIVIMET Lo DD, A oSt & LR ETH
ST, ETRMBBETALZEANLTSE (Entry 4) bIKSENH5HEFT D Z L3y o1,
FEHEH CIE Z ORIG OFERIZ DWW THRE T 5,

Table 1. Reaction results of SO,F polymer 1 induced by subcritical water ®

Entry Temp.  Press. Gas F My —SO,F [-SOs;H
(°C)  (MPa) (umol) (x10%) IR peak intensity

ratio

1 330 14.6 Ar 170 6 0

2 300 9.8 Ar 441 39 0.02

3 290 8.5 Ar 45.1 53 0.04

4 290 8.4 0, 39.3 55 0.02

5 280 7.1 Ar 29.9 63 0.19

¥ Initial amount of 1, 30 mg; reaction time, 6 h.
4. References

1) A. Watakabe, Y. Morizawa, H. Hori, T. Sakamoto et al., W02013031849; 2) H. Hori et al, Ind. Eng. Chem. Res, 2010, 49,
464-471.
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Decomposition of fluorochemical surface treatment agents bearing organic
cations in subcritical water

Hiroaki Yokota, Hisao Hori
Graduate School of Science, Kanagawa University
h-hori@kanagawa-u.ac.jp

Decomposition of typical fluorochemical surface treatment agents bearing organic cations, that is,
[(CeHs)sS][ChF20+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 an oxidizing agent or a reducing agent,
was investigated. The results were compared with the results for the corresponding potassium salts,

and an effective methodology for the decomposition of these chemicals to fluoride ions is detailed.

1. IZC®HIC

7 FRFAALERAN LM BSOS S I TN TV D 7o Dbk 2 7R PESE T ST &E 728,
2000 F-LARE, —EOWEIZOWTERRE BN E S NIz izd, R - BE(LTIEOW RN K
MATON TN D, L LRSS ZIE TR G L e o - EIE, Fox ol 150 T
BTCTNHNERETIIKEBEA LT DOhF A&, ~L T vFd a7 )L A4S % B ALk
VEERCTINVIR VR, BHDWITANIKR A S ROT =4 bR SN LD T, BEMO D
F A BFFOGAE I OWTOREFNL, BLEIEH SN TV DIZ b b TEETH -7,
I CARMMRETITEFEX T 1 A TR ESE L LRI 225 28 LW E H L
FI[(CeHs)3S][CaF201SOs](N = 1, HITHOWT, FlE~ DiETTA| (Fe, FeO) & 2D\ \XER{LAI (0,
Z N U 7= HE G FOK E 7 I TBER SOKBOGS T 7 vk A A ETHRT 5 2 L Mgt LD T
WE+ 5 Y,

2. EBR

[(CeH5)sS][CiF20+1S0s](n =1, 4), #iZk (10 mL) I XK (9.60 mmol) % 7 /L = 2 SRS
FCMEY 727 Z—IZ A, Tv= 25 AT 05MPa £ THESERA L, iDLk (76~377
°C) FTMAAL, —TCHREREE, BRETRH L, KA 4y ra~ T T77 41—,
AF PRI n~ 8T 7 4 —BXOHPLC T, HAMHEH A7~ 7T 7 4 —BIO
GCMS TH#T LTz, HHRD 7= D8RI & U L 22 WSS, SR O 0 IClESE T A % vz
e %4T -7,

S HEREEER
By B L T 6 KERISUG S 7258 DK FIT I 1T 5 [(CeHs)sSI[CFsSOs] D T =4 L & 57
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T 720 CRSO; O L F OEREDIRE
PR AFPE% Fig. 1A 1079, CFsSOs DFE {7k
1% 250 °C Z#B 2 72 7- 0 DL L, 343 °C
PLETHHIRBRLLT &7 oTz, ZHUTHKHS L

c
TEBAERL, ZOE FEABERISH 2
D[(CsHs)sSI[CF3SOs]H D 7 v R E/LH T < 50 100 130 200 250 300 350 400
B L7-ME) 1X373°C T74.3%IZ#ELT-, 7= Temperature / °C
AUz 0l pmol) @ SOF LIS o) [ g
iz, BF ALY (CeHs)sSTIE 152 °C TH) E.1  CeHe

IR 1.7% % fm L.245°C Ll Tl E2 |
SN o 7o Z DG i(C6H5)3S () \ﬁbF
Ly S
CFeSOs & 1) BRI Thlkn S5 = & & JIR 507100 150 200 250 300 350 400
ERAD Temperature / °C
— 5 AFEIZIE CgHg. CHF3 38 LT CO, Y Fig. 1. Temperature dependence of the product
W S U7, 00 B DA RO SR S (R {74 % amounts: (A) in the aqueous phase and (B) in the gas
Fig. 1B e (CoHs) S' ORIz % CoH phase. An aqueous solution of [(CgHs)sS][CF3SO4]
' ,O EIG 73 - orte (1.00 mM) and iron powder (9.60 mmol) were heated
0 N 5} - >
1376 °C &\ S IRIR D BUGSRIFIZIS T %*ﬁﬁ S at 76~373 °C for 6 h under argon.
., FOAEREIL373°C £ TR
FED B&A- & HIZHEFHIZHM LT,
if_ CF3503 O) ﬁff: EE%T%

Table 1. Decomposition of [(C¢H5);S][CF3SO4] in subcritical water
under several reaction conditions (reaction time: 6 h)

No. Gas Reducing Temp. Remaining  F yield

CHF;1Z. /KH D CF S0 DFEAF agent (°C)  CFsS05 (%) (%)
EOMK T2 LT 294 °C~373 1 Ar Fe 343 0 57.4
°C OEIPH CHEE 2K LT, 2 Ar none 345 88.5 10.6
CO, T TORETHRIH I 3 0, none 343 67.5 235
T= A8, DRI 343 °C DL LT ’ Al e 373 0 743
- #\ = ) 5 Ar none 374 0 96.7
WZEmnho Tz, 343 °C LA ETiE 6 o, none 374 0 937

CFsSO; 1L L TWAH =), =
D COLFSIEHBURD SFFRIZER L TWDH E B2 Hivd, 345 °)CIZEBWTE Z IR L7210
T 6 FEMG SE 726, CFS05 DFRTFRI1% 885% T~ 7=, (Tablel, No.2), 7=, &K
Z»‘:#EJJHLfocv\‘fﬁma/\lwfﬁﬁtéﬁtﬁm\Cngog DFETFHRIL6TS%E T F L= DD,
FULSRIE 235%I2 £ 0 (No.3), #k &AW H4E (574%, No.1) LY HiE-72,
FOGIREZFER ST E CERESEEA (374 °C), B2 LIS EWML72NT
FS SEEHAOTNENED FR G5, ZORIET VI FEHROSE T 96.7% (No.
5), MELFMKOHZATIBT%E 2> (No.6),
[(CeH5)3S1[C4FeSO3] D Ut DN TIEFHRTHIFIZ SR S 3 5,

4. References

1) H. Hori et al., Environ. Sci. Technol. 2006, 40, 1049-1054 ; 2) H. Hori et al., Catal. Today 2012, 196, 132-136; 3) H. Hori
and H. Yokota, J. Fluorine Chem. 2015, 178, 1-5.
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Decomposition of Room-Temperature Fluorinated lonic Liquid to Fluoride lons in Subcritical Water, by
Hisao HORI, Akihiro TAKAHASHI, Takaaki ITO (Faculty of Science, Kanagawa Univ.)

1. ZL®ic
7 v FRA A RIRIT RN B X UYL L E T,
JRWEBME, BWA A UCEBEEEEOEN-EE AR
LT3 Y ZoRDEMET RN X—F A XD
A E L TCEASHYOH DN, WYy R
ENTEE LR, SR TOEERIITRETH 528,
BRIV —ENELT L2 Thl, ERTD
7 ALK FT APBERNFM = b S & 5N S 5,
TN OBEEMERM G TT v A (F)
ECHMRETENL, BEFO AL T DT T vk
AN T LIEBRTE, Tk AiE7 vk
KFBBOE 72D TT7 v FEFROMEERFIHIC S THR
T& %, $x I ZLLAHT, Li[(CF3S0,),N] o i St K 36 &
OVE R FOK P T O Rz % i~ Fe X° FeO Z & T
FELTHWSLZ T FETHORMIHMTED
TEEHELREZ Y, AEIERERETHEAETDH B
[MesPrN][(CF3S0,),N] {2 oW T, HEx DKl 5
WX ER LA 2 B0 U 7= B ER R K B8 X OV R SR K RO
TFETHMTEDNE I DR THRET D,
2. EBRFIE

F i 1% [MesPrN][(CF5S0,),N] & & e/l (Fe & 5\
X FeO) . BLOWK (10 ml) Z )£ 3 E 12 A
. Ar FBRHR T CHEE L. 246~376 °C T—EHFH
MERS 2 Z & TITo T, RIGHROKMIZA A 78
~ R T 7 4—FBLW LCMS T, F AT GCMS
THMT Uiz, B 72 DIZEITTHIZ M 2 220 S0,
O, kAl & L THWEIGE BT 72,

3. BRBLOEE

Table 1 |2 ARG A7k (342~345°C) 7= LB G Rk
(375~376 °C) T 6 h s S ¥ E DR ZR
T [(CF3SO ) N IE it 22 H B K FCIxIg L A &
SfE L7 o7z (No. 1), BERAKF (375°C) T
i ST BA . [(CF3S0,),N DFEfER 1L 9.4% % T
T L., FILERIL 18.3% L 72> 7= (No.2), [Al L&M4T
Li[(CF3S0,),N1 % s S ¥ 7454, [(CF3S0,),N]"®
BAERIT T13% Th -7 2 ZOEWNEHA A4 D
EUVDI[(CF3S0,) NI DRI L TWD Z & &R
T, 0, 238 A L CHERKF TR Z®72%4 (No.
3). [(CF3S0,),N] D#EAFHIT 21%E TR FLZb D
D, FINRIZAr OBEEIZEAEEDLL R N7,
Fe 8 B AL CHERAKF OIS HELEZ A,
[(CF3SO,) NT 1ZiE < L, FULERY 51.7%F T LA L
7= (No. 4), % Z THEFEFKF TS S TR,

FINERIZED B 727> 72 (No. 5), FeO #EHAL T
HER FUK I TRUS ST 6  FIERIL Fe DA X
0 B> 7228 (No. 6) . HERFKF (376°C) Tix
RIBIZHEM L T 84.1%IZ#E L7 (No. 7)., Z OikEE
TRICKZ 18 h FTHE L E Z A, FILEIZ
89.9%IZ:E L7= (Fig. 1), ZAUIAMZETH LN
FILROKREMETH D, i TIE IS DSMFIE
DM BELERDICONTHHRET 5,
Table 1. Decomposition of [MesPrN][(CF3;S0O,),N] in

subcritical and supercritical water under various reaction
conditions®

Reducing T Remaining _ .Fi
No. Gas agent /oC [(CF3S0O,),N] yield

1% 1%

1 Ar none 342 99.0 0.8
2 Ar none 375 9.4 18.3
3 0, none 375 2.1 19.7
4 Ar Fe 345 0.0 51.7
5 Ar Fe 376 0.0 51.5
6 Ar FeO 344 6.2 44.1
7 Ar FeO 376 0.0 84.1

& [MesPrN][(CF3S0,),N] (17.9 umol), pure water (10 mL), and
a reducing agent (9.60 mmol) were introduced into the reactor,

which was pressurized with argon or oxygen and then heated.
120

F

100

80

60

Amount/ pmol

10 15 20
Reaction time / h

Fig. 1. Reaction-time dependence of the decomposition of
[MesPrN][(CF3S0,),N] in the presence of FeO (376 °C).

2% SR

1) H. Ohno, Electrochemical Aspects of lonic Liquids,
Wiley, 2011; 2) H. Hori, Y. Noda, A. Takahashi, T.
Sakamoto, Ind. Eng. Chem. Res., 2013, 52,
13622-13628.
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Efficient Photoreductive Recovery of Perrhenate from Water, by Takafumi OTSU (Graduate School of
Science, Kanagawa Univ.), Kazuhide KOIKE (AIST), Hisao HORI (Kanagawa Univ. & AIST)

1. IL®ic
LT AZ N DR CTHBFIERP R bV RN L =T
DAY Y N e @Ent@ ThFoH, &

m%éé%ﬁﬁﬁ T O I ST B,

L= NI EISHAKERSE (B 7T O8A) DR

BB AR DO L =7 A(NVIDEEL =2 LAfRA A4

> (ReO,) & LTAKFICHEL, 7o E=T KZIR

. BASECA A AR . VA B H % T RN

L., KEBRTTDHZLICLvEENLTHD, L

LBESk D iR IXRIER MK < (40~60%) . 2R

EOHEANEAETLZEOMEND D, ZORIT

WEE (BEFEEW) 2HVWEHAELEDLRY, Z0

T2 KF DD ReO, S M OEMFICHEINTE 5

FLWHEORENIEEIN TV D,
23Kk D ReO, ZHEHE L, EHHEH S
DEFBEGEE Z LT ReO; & L CILEEEET

6%# LAafBE L TEREZIT- TE L, AWIFET
TEFMGA L LT2-7 18—/ (2-PrOH) % [

w\é%;ﬁm%mﬁ%#ub7ﬁhy%m2t£

%ﬁ%ﬁoto ZORER HEFE T O m AR (~95%)
ZAKF DO L= MRS EEILT S Z IR L Y,

S ZOFKIZEEY 7T L OBERILE AT

HETHLZIEEHONILEZDTHRET S,

2. EBRFIE

S iE KReO,4(10.4 mM) . NaClO,(0.10 M) | 2-PrOH
(050 M) BLO T+ Fyr (2.32~12.0mM) %2 & de
KEHE (10 mL) %2, 7Aoo BEKF CHEE LA
285 200 W KER - &/ AT H B 220~460 nm D¢
RN T 5L TiTolz, RIGIEEITX 20 Clzfro
7=, —ERFMBH%, MISRAEWME T V3 R
HCmELT 52 & TS AKMESEEL., KMEE A
Frru~ 777 40—BXO ICP N4 N1ET,
W% ICP Lo Lz, Y 75 vt
FEEERIGIE, 7 Y 90 mM OFEETF T
K,MoO, (10.4 mM) % W\ Tir»o 7=,

3. fERBLOEL
B 1 1ZKH D ReO, I B 0 o IR R K A7 1 2 7
T ReO, MR L [RFRE DT & h 2L 2%
A(90m|v|> K H D ReO, V8 FE I3 LIRS O B AA & 3
IR T L, 6 B It Shal oz,
_@FQ\*$@V%?A@%£@QMM%¢$&

L CHEITX 72,

X 2 12 MoO,” Z Hfg KB - HA D KT O Re B
L O Mo I8 o S BRI RE R A7 2 7R 9, Gﬁﬁ
#%IZ1X Re il IIAKT MBI EALEREENTZD
L. Mo D IEKESNEHFLTND, 20 %%
M HARIEIZ L VKT O Re sy DIEINAY 72 [ AN AT
HETHDZLENSN5,

4. fEim

ETHERE LT 22PrOH ZHW, 652009
ReO,” D A1 1 i £ &F%JWx%tb/%%MLfﬁ
IGEEDHZ LI . KH D ReO, &M T
R ﬁﬁ&&l,f SEERIN TS 2 LM TE, F
2. KIEICXVEY 750 L O4EERII S AJRE T H
HZEBHALMNERST,

12
[Acetone] / mM

= 10 -} 232
g g | . -0— 439
= N —0—9.00
o6 \ E\ - 12,0
o 4, | N \u
(0]
14 ) S
=5 0

O 1 1 1

0 1 2 3 4 5 6 7

Irradiation time / h
K1 7 brrE2EINLESAEOKF O ReO,”
IR O e B IR R A7 ME (ReO, " #1H R JE -

10.37 mM)
12

10

Concentration /mM

o N A O

0 1 2 3 4 5 6 7
Irradiation time / h

X 2. KH O Re 3 L UNE Mo I B 0 St R IRF ]
KAEME (R Re 35 X O% Mo 2/ : 10.4 mM)
BTN

1) H. Hori, Y. Yoshimura, T. Otsu, T. Kume, Y.

Mitsumori, S. Kutsuna, K. Koike, Sep. Purif. Technol.
156 (2015) 242-248.
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Mixed valence tin oxide Sn3O,: a visible-light sensitive undoped metal oxide photocatalyst

for hydrogen evolution from aqueous methanol

M. Hashimoto®, “T. Tanabe®, T. Gunji®, S. Kaneko?, H. Abe®, F. Matsumoto®

D) Department of Material & Life Chemistry, Kanagawa University, 3-27-1 Rokkakubashi, Kanagawa-ku, Yokohama 221-8686,
Japan, 2 Research Institute for Engineering, Kanagawa University, ® National Institute for Materials Science
“ft101933wb@kanagawa-u.ac.jp

Catalytic water splitting in visible light by visible-light-sensitive
photocatalysts is of confocal interest because this will realize efficient
conversion of the solar energy to hydrogen fuels for sustainable energy
managements. Many water-splitting photocatalysts, such as metal and/or
non-metal doped transition-metal oxides, can decompose water and produce
hydrogen fuel [1]. However, there is also negative effect of doping
techniques in water splitting. The dopant can act as a charge (electron-hole)
recombination center. The charge recombination decreases reaction efficiency.

Herein, we report that an undoped metal oxide, SnzO,4 can efficiently
catalyze Hydrogen (H,)-evolution in a methanol solution under irradiation of
visible light. We prepared nanocrystals of SnzO4 by hydrothermal synthesis

using sodium citrate as a ligand [2]. Hydrogen (H,)-evolution tests in
aqueous solution under irradiation of visible light (A > 420 nm) have
demonstrated that Sn;O, can promote H, evolution at a significant efficiency ~ Fig-1 Photocatalytic hydrogen evolution
with and without co-catalyst (Pt), whereas neither SnO nor SnO, is active ~ from the agueous CH;OH solution over
toward the reaction, as shown in Fig.1. The enhanced photocatalytic activity =~ SneQ« SnOz SnO under the irradiation of
of Sns0, is attributed to the desirable band structure for photocatalytic H, ~ SiPle fight (2> 420 nm).
evolution, the conduction-band minimum of Sn;O, is higher than the reduction potential for water, and the band gap
matches the photon energy of visible light. SnsO,4 has great potential as a practical solar-energy conversion catalyst,
in terms of low impacts to the environment and catalytic performance for the H, generation from water solution.
References : 1) M. Hara, K. Domen, et al., Stud. Surf. Sci. Catal. 2003, 145, 169—172. 2) M. Maidhily, T. Tanabe, et al., ACS
Appl. Mater. Interfaces 2014, 6, 3790.
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Decomposition of Organic Compounds over WO3-Supported Ordered Intermetallic

Compounds PtPb co-catalyst.
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D) Department of Material & Life Chemistry, Kanagawa University, 3-27-1 Rokkakubashi, Kanagawa-ku, Yokohama 221-8686,
Japan, 2 Research Institute for Engineering, Kanagawa University.

"ft101828zr@kanagawa-u.ac.jp

WO; has attracted considerable interest because of its visible light-responsive properties and deeper holes in its
valence band. However, WO; by itself cannot be used as a photocatalyst because of its lower conduction band (CB)
edge. Therefore, in order to improve the photocatalytic efficiency of WO; for decomposing organic compounds,
WO; requires a co-catalyst on its surface to facilitate oxygen reduction reactions (ORR). Recently, Abe and
co-workers reported that Pt nanoparticle-loaded (1 wt. %) WO; (Pt/WQ3)
photocatalysts effectively decomposed organic compounds under visible light
and full arc in an oxygen-rich atmosphere [1]. On the other hand, we
demonstrated that ordered intermetallic PtPb NPs on TiO, electrochemically
accelerated ORR in acidic media. This indicated that the surface of the ordered
intermetallic PtPb NPs facilitates oxygen reduction on PtPb catalyst [2].

Herein, in order to increase photocatalytic activity towards decomposition of
various organic compounds, we report intermetallic compound PtPb NPs as
co-catalyst of photocatalyst. PtPb NPs/WO; has been synthesized via
photodeposition and polyol method to control the particle size.

Decomposition of acetic acid over WO;3; (a), Pt /WO;3; (b) and PtPb/WO;
(c) photocatalyst in visible light irradiation was presented in Figure 1. WO;
shows poor CO, generation without Pt and PtPb co-catalysts. Conversely, the
photocatalytic activity of WO; was enhanced significantly when loaded with Pt , ' - ,
NPs. Furthermore, the highest yield of CO, evolution was observed with Ptpp evelution during the decomposition of acetic
NPs/WO; [3]. acid over (a) WO3, (b) Pt /WO3 and (c) PtPb
Reference: [1] R. Abe et al, J. Am. Chem. Soc. 2008, 130, 7780-7781. [2] T. Gunji et al, NPs/WOs.

Catal. Sci. Technol. 2014, 4, 1436-1445. [3] T. Gunji et al, Appl. Catal. B: Environ (in Inset : TEM image of PtPb/WOs
press)

Figure 1 The time course of the CO:
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AR E MRS % Sn BRIE YD S ME SR & BHAIKBTRN b DKRRLEDRE

Synthesis of high purity visible-light sensitive tin oxide Sn;0, photocatalyst for hydrogen

evolution from aqueous methanol
FEAS ETRR D, *H M S50 D, BRE] EHED, & (B2, BIE S0k 9,
AR KD
DRRZS) IR LR, 20 R LA Jep, 9WE - MR JEREs
[#E]

RIS BRI 2 RN T2 K DRI & DK BT AT AR AR 7K R RE T m XA Th
0. KB EEFIHTE 280 bHLEH I TV D, HEROIKG R SEARE D 2 I TERI LIS fil
BUCRACHEE =B 7425 2 LTy FHEEAHE U, Al BOGIRENE & KRG O WL 22 (%] -
T&E7, LirL, F=Er 79 A MIEET & EALOBFEEHOE R0 | SeiyEME 2K L T L
FOMENRD 5, T, JBIREE(EY Sng04 3 R —772 L CH AIEIEIREIC & 2 B F o iR Al KA
D> D DRFEARRSUSIZ B O TSR 2 7R3 2 E RS Szl 2], R—7 R etz b2y
M BHI R i B MK < Bk 3 v U 7 OB A 2 80 TX . @S VOMIEEE S BIf TE 5, Ll
WD, AR RGN SN0, BEIRHIHTH T 5 2 & 2 DRAMBESOS AP S dv, ZhE THolek
FIBETE RIS DAL TV R, & 2 CARMIIEIIKEASURIZ K D SngO, D Sl fE G AR A N L, 524
KB T T2 BT IS TEH D A KX — VR > 5 DR BAR S & Bt Lz,

(=ER7AE]

SNz04 DAFRITKBEUGNT X 0 1772, BiIBER & L CHEA X —KFi#(SnCl, « 2H,0), #{EAIE L
T/ U= b U v L(Nag(CeHs0,)) & i S B 7= KA. NaOH /KIAR &Iz 5 Z & T pH %7
L, A= 7 L—T7H180CTHICEIT > To, dBt OB 1305 DB - ZKBEE &8s - 7 v U ik
ekt Uiz, WiaEil & LT XRD, TEM, SEM, #fl X #5143 ik (HAXPES), UV-Vis I A~
K VBIE. Mossbauer 43 Yeika =, A & ) — VESHERIKEETE D B DK AR S 1L 4G B e v
Z N, AESECRIE 300 W Xe 7 > 7, R 420 nm LL_B)FRET T iV, KFAERE R R TR E
Al L7z, AR 21X GC-TCD T L7c, E 7Bl & LT Pt(0.5wi%) Z AT HIZ & 0 #8RF L 72
ABHZ DWW T b [ARRICTE RN 21T > 72,

(#ER - Z%]

. (a) + SnO H ® 7 (CoHs0, )"
7k¥/ﬂé\%(12 H#FHEJ)K?SH%)& a L' " : M isnzz
. o op ' 90 v

JSESIE D pH. (CHs07)*/Sn?* L 10

o AR AN 3T RN YD &S L ! 80 ‘LMSO

B Lo, AHAITARLE S s :M |
Bt XRD /84— % Fig. 1 £ 57 2 Ms'a
\ZR 7, pH 13 55~6.8 OI3EE 5 M“ g &
PEN S PMESAE,  (CeHs07)* / 2 : S ' 53 2 Movs
S Helt 0.75~5.0 0(CeHs0o)* ‘L\J\ M a7 Mozs
W RIFEIK T SngO4 23 EARM & 38%053 016-0737 ‘ 38355058 016-0737
LC@bE, S0, E7L— | ‘ L [ T | ,‘H I T
MR T & D (Fig. 2). (CeHsOr)” ? 30 2thet:0/ deg. * . ? 30 2thet:0/ deg. ? "

I SN* OB N T L— b Fig. 1 &FEA MM TE BN RE OB R X MEHFRTY « KSR D
N O BRI A B @ PHE L (CH0) IS D)
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BEESNTZ, Z0OZ L HEHEAI(CHs0.) 1L SnaOs DREEHER & LTHIEALTWA EE X B
%o PH5.5, (CeHs07)> / Sn* . 2.5 245 & L CIEE L. RUSH B OMET 21772 & 25 6~12 B[] T
SngO, N EHIEE T B LAY, 18 FERALL EOA I TIE SN0, A EAERM E LTI L, ZD 2

LD SN0y IFHFMTH Y . RRFEIAKICE W TIX
SN0, 7% SN0, 2R T D & B2 bD, S BICEEHRO
Betd 515 Cd Him Doy B« AKEOBERIZR T, KIS
BRI OFEAFE Sn A 478 Sn0, & LTIk 95 Z &
28 XRD,TEM BRI L WS hEpoTe, £ T, %
FlIEEIC K0 BB IC /5 EL L 0.2M NaOH 7KK
WX T LIz 2 A SnO, O ZIil+ 25 Z &
DHREIZ 2 572, XRD IZHBWT, SN0y DB — 7 thse
N b o T2 OGS IRI SeE (pH5.5, (CeHs07)* 1 Sn** L
2.5, 6 SIS DEEHZ DWW TR BN 1T - 7=,
UV-Vis IR A7 FVRIE(Fig. )k M K D B &
NAWIURE 7 7~ b (Fig. 3 ffAX) & HAXPES #IE
I E DM F A OBEDRERNE AN RE Y v 70
2.8 eV A& 74 D _EMGALE 23 +1.6 eV TH U . a[fNH
R COKSIRIIE LT RIEETH D 2 &R0
7=, F7-. Mossbauer Z3¥EEIZ LY Sns0, 1E Sn*t &
SN* AT L TV D IRAME OB TH 5 L 5T
DT ENHIRT, RS X 2 FEHT I T B filil
HELTAY ) — VKRR HKRBH ADA LA TR L
72 (Fig. 4@@)), F£7=. R~ PHERHIZ L 53 LUEM:
m EZ&#EFE L7z (Fig. 4 (b)), —J7. SnO, SnO IZ Pt %
&R L7255 12I3KE O A I S e - 72 (Fig.
4 (0),(d), ETZNR(QE)DFHM TIX, Snz04 DA T
QE=0.22%T& Y | Pt{Efifi Sng04 123V Tl QE =1.3%
ITEE L7, ZAVE T STV AR 722G
LT B L 72 & Z0E Pd &R TiozIn/N ITIEIE RS
BT QE=040%[3] TH 2D Z &5, SN0, itk
RBEICHBIRIEER S D Z LRI NI,
€EE

SN30, MM CARRT 2 A A E R Lz, &5
215G BT SN0, el IT A &/ — VAR KT D>
B OKFAERBISITR L, AERIEZ T Z & 039
Hinkipol,

4, BECHR

[1]Y. He et. al, RSC, Adv., 2014, 4, 1266.
[2]M. Manikandan et. al, ACS Appl. Mater. Interfaces,
2014, 6, 3790.

[3]R. Sasikala et. al, Appl. Catal., A, 2010, 377, 47.
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Electrocatalytic Activity towards Oxygen Reduction Reaction in Alkaline Media over Pd based Bimetallic Compounds.

Takao Gunji,* Toyokazu Tanabe, * Shingo Kaneko?and Futoshi Matsumoto®
(Kanagawa Univ.," Research Institute for Engineering of Kanagawa Univ.,?)

1. B®Y

BUE, WY — NMUITCA L iR ETCSORR)HEMALE - L THSPYNZH SN TWD,

L7rL, Pt OMEEIIRD TO7 <, BEMEMOE L DO7- 912 Pt Z KIBICHIR T 2 L ERH 5, Pt &
FIL8BERBTHDH/NT VU APAILPt &L TR THY ., BELERE, 727100 UM%
BE I BIT DEEFEE TTIINMI B W T Pt & kAl 2 iRtk AR B SN D Z v B[1]. Pt Ok
BELTHEEINTWS, & ZAT, Pt OfEIEE B ESE 2720 HZE2IRN L, A4(=T v
Wb T 52 LItk o T, Pt OEEIEEZ BT 2 FENEBEINTWD[2], ABFETIE, Pt &4

BT D Z LI K o TEWWAETENE A JE B L 7= Fe, Co B X UYNi 2% _jc#

L7l W T v U PEKERIE T ORR IEYED IR 21T - 72,

2. BB PdRAET / KiA(PdsM NPs) T & IRIEIC L » T
B LTz, AH J—VHRICHEHAE LTHER L —AR 7
7 v 7 CB)ZmESE, EDOREIRIC Pd B X UE Itk M
(M = Fe, Co and Ni)DRITHR{A % Pd 234K 20 wt.%, Pd &4
oSO mol tEAA 3 11IC A X ORI L, Wl L1,
BoNHREKET, 250°C TEILTHZ L THE, 55
=ikl A Ar F 400 °C T7 =— VAL A ffi L 7=, XA
WEILXT Ty —h—Ry FICEE LT il 2 S e L, &
SALFBORTALEL X 0.05 ~1.1V O#iH % 25 £ 7213 1500 H A
7 JL(CVS)TTV, EREfFN 0.1 M NaOH /KIEIE iz T,
1600 rpm, 20 mVs™ D4tk % FIWESUL R E 21T - 72,

3. BRBEIUEE Figure 1 ICAR L2l R R X #A]
W 2R3, Ak U723 X CTofilifi PdsM NPs/CB(M = Fe,
Co and Ni)iZ Pd & [FIfk D fec H& A A LTl v |, Pd HLARAREE
CHEE LT, =27 BNEmAMIIZY T R LTWe, 2t Pd
I BRI NSWIERENRMT 5 &l k- T, fee
& T DG 6T 5 Z SICENT /R TH D,
ZOFERMND . B rET Pd EREEENET D Z L
B —IZEIWE L TCWD Z Enbhotz, £72, ARk L-filiito

STEM 4 & %3 5 EDS Mapping 7’12 7 7 A /L b b

—OORLFINIZ Pd DIEDNTE RN A EL TV D
b H EROBEE L FFLTWS, Figure 2 [Z45fil
D ORR ICFHT AR NVEES T L% T, Pd NPS/ICB (235
WTIE 25 CVs £ & 1500 CVs % O iisPE % ik 35 & . 4
fELTWaEE»BIE I N, —FH T, &b Uitz B
U CIERHT, RS PEDS B I TRE L TV D Z & vbdo
7o BT CTIIAREESOSZ 3BT DA OIEIZ OV T H
ETHTETHD,

[1] Shim, J. H.; et al, Chem. Mater. 2011, 23, 4694.

[2] 1% 1 Wang, D.; et al, Nat. Mater. 2012, 12, 81.
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Figure 1 (A) Comparison of the X-ray diffraction
profiles of (a) Pd NPs/CB, annealed at 400 °C (b)
PdsFe NPs/CB, (c) Pd;Co NPs/CB and (d) PdsNi
NPs/CB, all annealed at 400 °C. (B) Magnified
presentations of the (111) peak region.
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Figure 2 ORR polarization curves for (A) Pd NPs/CB,
(B) PdsFe NPs/CB, (C) Pd;Co NPs/CB and (D) Pd;Ni
NPs/CB after 25 CVs and after 1500 CVs,
respectively. ORR polarization curves were taken in a
O,-saturated 0.1 M NaOH solution at a scan rate of 20
mV s from 1.10 to 0.05 V at 1600 rpm.
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Electrocatalytic Activity and Its Durability of Pt-based Nanoparticles/TiO,/Cup-stacked Carbon Nanotube
Fima Ando, * Takao Gunji, ! Toyokazu Tanabe, ! Shingo Kaneko, ! Tsuyoshi Takeda, ® Futoshi Matsumoto*
(Kanagawa Univ.,! Research Institute for Engineering of Kanagawa Univ.,” Sankei Giken Kogyo Co., Ltd.%)

1. BN BERES FRBEIERO D Y — RITA L 58ERTCKSORR) DL LT, I—FRr 77 v

27 (CB)_LICHF L7- A& PHMEE(PUCB) N Z SN TS, LaL, Pt ZHWEEAICB W TH, ORR TH

VIBFEEENAE T T LE 9, FEMABOMEHAL L THEMN STV % CB 2 ORR T % m A% Tz

EEOEAELCTLE D Z LIS X DD LENEE > TV D, TN OMBEEZERT D012, —

RN T ) Fa—TCNTMEIOEWEEMICER Lic, LK. Ay TEERIZLOBRBREAETH I v 7 A

X ZALCNT(CSCNT)IZ /7 7 2 vy DH A< A L TND Z &b, TiO, 72 EOILH DI EFC 22—

TAV T LORFHIZTEL NI TE S5, AFZETIX, TiO, 2= —7 1 2 L7= CSCNT(TiO,/CSCNT)

ZHEHMAL LTHEA L, BIRMIC Pt ZATH S, S5ICPh 2L, &BMEaMbd 52 & TPtEKRX

D HE ORR IEEN IR T X | [MRHCHEHRD SOV BN L EME %

ALTWDZ L6, ORRIEMER A DN T ORMEZ T~ 72 Y,

2. RER iR L i ORME T CBUKMBAEEZ i L7- CSCNT & TiO, Dff

HX{ATdH % Titanium tetra isoproxide Z Nz 1 h#8#: L7=%., H,0 ZiRINL

BB A 9 2 & 12 K o T TiO/CSCNT %4572, PUTIO,/JCSCNT D& Akl

JFEAE A VT TIOJ/CSCNT % 4y # S W72 KIS 2 Pt O RiIBR{AR

(HPPtCle) 2N L, A % /) — L ZApEaldE & L T8 Z 12h I 5 2

Ll X o Tz, PPH/TIO/CSCNT X, =F L7 U a— L& EER IO

Tl & L CHEM L. PUTIO/CSCNT (2, Pb ORIHKIATH D Pb(AcO), %

WML~ A 7 mlEz2B3252 LIk Ak LT,

3. BEREBLUEE Fig. 1IZHA LT PUTIO/CSCNT @ TEM 433 LY

ORI RO T, EEEE AW TARK LT Pt/ R385 4~5 _ ]

nm CHIERE EIC @l CHIEE L TR Y | £ OFE 7421 454 nm Ta  F19 1 PUTIOJCSCNT & TEM £

572, Fig. 212 0.1 M HCIO, #1100 cycle DB LM% ® ORR (o A O C PRI

B2 RN & E 7T L%ERT, PUTIOCSCNT (b) & PH/CB (c) % Ebiged

% &, PUTIO/CSCNT D5 AN ORR iEMEDM FA R L, &5

IZ . PUTIO/CSCNT & PtPb/TiO/CSCNT (a) % Lo #: 9 % & |

PtPb/TiO,/CSCNT 73 PU/TIO,/CSCNT X ¥ &\ ORR iEMEA /R L, &

B EENEELMICY 7 T2 BRI, —F,

PtPb/TiO, ()i, 1K\ ORRIEMEZ /R L7z, Z AL, TiO, R4 gk

OB VNVERIENICL > CTERENSME T LEZZD TH D,

PtPb/CB (d)?> 5 1%, ORRIGEMEDIK T 28 L=, Zid, BT

FRIZ &> T PtPh/CB D FE A5 Ph 285 L7= 2 L2 X Al H L

Th o, —7. TiIOJCSCNT ZfFHA L L TEM L72(a) Tix. ORRE at

PEOIR T HER ST, @V ORR IEMEZHERF L T\ 5D, ZDZ &) g . . . . . .

5. TiO, FICHEFT 5 PtPh J / KiFIXBALIC BT BAMED [ FAs R
WT&E, L Z > B i . . .

ﬁf”‘; EE;Z y?“ig Pt g;%;g;gl&jg;%g% Fig. 2 PtPb/TiO,/CSCNT (a), Pt/TiO,/CSCNT (b),

. S P/CB (c), PtPb/CB (d) , PtPb/TiO, (€)% L 7= 0.1 M
P LA 1 i ) :
;ﬁ‘bgfm A SIS SWAEOIRLLEME 0 Vit oV 122517 3 ORR MFEL 4 &

X 7T N, O, fafn, EAGEEREEE: 1600 rpm, 75|
% & SCHK © F. Ando, et al., Chem Lett., 44(12), - 3 g
1741-1743(2015), J¥:10 mVs™ 4% A[X]:PtPb/TiO,/CSCNT & TEM {4

F/mAcm?
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Acceleration of Li-ion Pre-Doping Reaction with Porous Cu Current Collectors
for Preparation of Anode Electrodes of Li-ion Capacitor
Futoshi Matsumoto®, Yuuki Inami*, Yasumasa Mochizuki', Takao Gunji*, Toyokazu Tanabe®, Shingo Kaneko?
(Kanagawa Univ.," Research Institute for Engineering of Kanagawa Univ.?)

1LHM VFUAAAr Iy 0% (LIC) IIEEmHINbD=d 77 7 7 A4 ML OAlg~D LitA 4+ D7
VR—=TNBETHIN, ZOT L R—TICBW I LEEEREZHWZRE Y L R—7ERHW ST
W5, TNETOREICE D ESABEBEER EOMILORE Faum O H DB W TR R—7IERNE <,
AEN 1M LTI % & R=FHEAREL 25 Z N REENTWS, Y F7- REES LT A 1ED I,

T T BT T TERRE SN TWAER, ERO#W
B D XD AL um EHTAEEEEEDL Z LT
o OBEFOEMCIXEELY, £ 2 TR TIX, L—Y—%
FAWTHIALZ BRI 221 72 kze & Cu BB A ER L, &
um 2 HEum OMARE T L &M T LA Ay DT L K=
FOGHEZ e L, Zh b0 Rzex EEEOFMEIC OV T
R e 21T > i R A WS 5,

2.E8 AMRFITIE LIC 1B AEE S L F—F O % 8
WAt L7e o REXEEBNmEIIS 7774 NEBT.LE

WMEzE R —Z—TCHATERL-bOZAME L, 20/ Fig. 1 RESHEEROFEHE SEM 2. () BIRE
xS —%—% A L TR F 7 AExta S dime 1% P 20 um, (b) IR 19%, FRHLE
NT VL R—TRB AT, BEIN-ABOE R L—Z%  SHm

ML THEESM LTS YT 774 Mm%z 1 K H OB,
ZO®BADEME 2 AL Lz, —EDT L F—7EM%IC,
BHLA R L, SRR B G 5 WITHERBROMER &I
Lo T EBEDBRETT L F—FEND1EFE LT,
S.HREER Fig. 1ICARZEEHELEROKE SEM BE~7T, L
—P—=TEFZIUIAANAL . HAaRkn, 77— —ROE
KELTWDZ ERbhrolz, SEMBIEERLI D, RZEXHEE
ROBI O FERE X O EZFL L7z, Fig.2 137 L F—7&Sn/= 7
7 77 A M Cu e X AEBREMGH AL 20 um)D K—7"D
EAEWEFHET 272012, fEIn/EMmD 4,5, 8, 9 HDE
& W CERALFEMN e LitA Ao Ol (RERER) 2175 2
LICEoT, BEWICEBITD LA A R—7EZ25Mli L7-iE R
Th b, B2 R—=T TN TV A AT 372 mAhg™ D
KEZTY, FARPEWSGEEE AR 4%), 10 e ToOEMmE
IZFERIZ R—=72MThiu TV A A, BIAEK 25 1.0%0845. 1/
HOBMIZIZZRIZ F—7EN TV H R, EMOKEEERDHIZ
B T R—=TEINNEL o TS, BIARNKERGEITIE,
N —7ORNE L 72 503, BABOMANEPMEL 72 5728, FEEE
OEFERICIZEE S5, 2T, HHFE 1% TH LiTA A F—7
WEZR ES® 572012, EEE EOILBOKTFEZ R L2
(Fig. 3), ALRRZ/NESLFTHIHES T, R—7TZ 5 EMOKELD
W42 Z ERBIEINTEY, MARN 5 um DRE S I2EBWN
T, 60 REFEILANIZ 10 O BEMRE T X TIZB W THERIC F—7' X
NHZ LR Lz,

£#3CHk : (1) T. Utsunomiya, et al., JP Patent, P2011-210995.
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Catalytic Activity for Oxygen Reduction Reaction of Pt-based intermetallic Compound Supported on Metal Oxides

Takao Gunji," Toyokazu Tanabe," Shingo Kaneko? and Futoshi Matsumoto®
(Kanagawa Univ.,* Research Institute for Engineering of Kanagawa Univ.,?)

1. B®

BV — R THEL HHEETHICHORR)IZHEP) ZHWBAICBWTHEVIEBEBENE LS L
DORFED K> TW5D, ZOMBEZ RS 2720, SRR T TlrEze < SrF CIRHEEHEMEHZ $ 1E R
BEEFE - TS, ex OBFFE T N—7 CIXEmfREE & LT, Pt & $h(Pb)D4: & L& %) (PtPh) % FE AR AL,
&JBEIRALY(TIO) Z il DR L L CHEA T2 2 L 2B L, 1EEZH IR TV D Pt AR L v
ORR THAUDMELZEM I, IHICZOLEREZREIMESELZ EIZHEBIL TS, L
L, iR L LCRBBIEMOREHEHT D L, BT EEICBWTREREBILE oo TLE W, Akl
BERE LTV ARERH I TE RN EBMEE L TR b5, £ T TR TIE, I—AR
77 v 7 (CB) LIZ& BRI 2 HEF S, MADOFEICEL Y Zo& Ry EOHIZ, BIRFIIZ PtPbh
&IREUL AL T b T2 AT SE 5 FIEZRE L, ORR flEEIEMEIZ DUV TRIM L 72,
2. =REx

R DRIE & AHER OVREE CRALAVEE )i L 7= — AR > 77 » 7 FyK CB(Vulcan XC-72R, E-TEK),
TiO, ZATH &/ 554121, Titanium(1V)isopropoxide(Ti{OCH(CHs),}s), WO; Z#TH SH 5 548121%
Tungsten(VI)hexaethoxide (W{OCH,CH3}¢) % 2-propanol 11255k &, 1 h$##R L%, L&D H,0 &
Z, GO % 450 °C T 1 h REfERRK 32 2 12 L > T TiO,/CB 7213 WO,/CB #157=, &5
12, FH=Y 7L b HPCle 2 AKIRIRIZ /T B S, A X ) — )L AMREK L LCHY, TiOJ/CB 134k
SRERRET. WOS/CB DBAITIZ A2 BE 425 Z LIc k- T, KATHEICE Y PYTIONCB £7-1%
PYWOS/CB 157-, S LT Lo 7Y a— LaEigEkle UCTEMRL, Pt - k1 & Bl en
(Pb(CH3CO0),) & M 2 7RIS~ A 7 a2 B35 Z L2 XL v, PtPh/TION/CB & Y PtPb/WO,/CB % 15
7=
3. BEBKUEER

15 5 7 il 2 By Kk XRD, TEM, STEM, EDS, XPS # W CF v+ F7 7 Z V¥ — 9 v %1T>7-, XRD
DOFEFRTIL, CB EIZ WO X° TiO, & FH#l 9~ 2 B EZ AT o 7o o 7 UZB W TS, S RER LY H kL 11k
LTCBIZHTH L TWAT®, ERICAEMEMRT 2 Z LIXTERPSTEN, ZOMOX ¥ Z7 72U E
—Ya UCIEREYICHEKT A E—7 BER SN TWVDH 2
EMD, BN ELNIZZ L2 X oENMELNT
Wb, F2, AT A L7 7SO TIE 407 fHT
IZE— 7 BFTICHBE LTV D Z b eI bY Lz Pt
DHFH LTS Z L 2R LT, &5z Pt fillitic Pb @
AR Z RN L, RV A — B2 X - T, B % L
T2HAIZBWTIL, PPh IZHKRT D E—7 BREZs -2
LI X~ T, TiO, N WO3 112 PP 23T L7- 2 & & h
L7, Fig. 124K L7 PtPb/TiO,/CB & U PtPh/WO4/CB
® ORR TS A RNZE 27T LT, PPHITIO/CB KX
PtPb/WO,/CB Dl Rl HEKiE T H D PUCB 4 Rz b
Y72 LOPPHICB LV 4 0.9V (RHE)ICH T 2EITTEIMOME Figure 1 (a)P/CB,  (b)PtPb/CB,  (c)
HKREL, ORR OEFBEENEIHL TW\W5DH I & ZffEad L7c,  PtPb/TIO,/CB 5 X U(d) PtPh/WO,/CB D
T WO; EIC&EMEAY PtPh ZATH SV 7 BRMISIZET AR VA ES T A

2 ORR FFPEDMERE L TV DR B ST, fig SR AN, FEM[A]HE5H 12000 rpm
[1] T. Gunji, et al., Catal. Sci. and Technol., 4, 1436, (2014). g 10 mV/s
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KBRNA VE—EBRAD-HDOEBEEEHHEFD
KREJI—T 1 VT ERREREOR L

OARMBGE !, BREIERE ", A& K, LHEE', HEEMm, &7EE2
H)IPEES, REIDIGS, A Rvy?
(FRZRIRF: !, AR R AP FERT 2, JSR)

Surface Coating of High-voltage Cathode Materials for Water Soluble Polymer Binder
and Its Charge/Discharge Cycle Performance
Yohei Honma®, Takao Gunji*, Futoshi Matsumoto®, Yasumasa Mochizuki®, Toyokazu Tanabe®, Shingo Kaneko?,
Shinsaku Ugawa®, Kouji Otsuka, Hojin Lee
(Kanagawa Univ.,* Research Institute of Engineering for Kanagawa Univ.,> JSR®)

1. BM
UF U NEMMAEBSEIONA =280 T, AERAMWEE S ERVKEBNAAL X —PNER ST
W5, L, KBRAAL U E—ZHOSEA, WS UTHER L TW A KICEBMEOR S NEH L TLE
IR EORMEND D, —Ji, EMMEIORICT—R RO a—T ¢ v ZUEEfi¢Z Licky, E
WA S VRIBE DR 2 05 X MikdE, EEMEREON L/ COFEREE 5T 52N RETH D EHFEEIN
TV D, AFFETIX, EMMELE L CAERUESEZ BT D= b~ B F 7 5 (LiNigsMny 504) % 3
AL, =R EOBRBAMOa—T ¢ VT FEEZRFT 2 2 LI BEEREOm EZHEEL, &6
(I ARPED B 22— ¢ o Z AR & L 7= IR X Bk
B B — DTS ERR LT,
2. B
=R K NALO; T —F > 7 LiNigsMn, 50, DA 1T A
7 1 —Z(C1pHp01). Aly(NO3)s ZHIBRIA L L, KAFEE L
THW, IBRE LS 72%, 703 55 T 600 °C TR
PR Z S 2 L K o TR, IEMRE L, EEMFI(T BT L
> 77 w7 AB), HIfiAl CMC(Carboxy methyl Cellulose
Sodium), BELOVKHRNA X —%91:5:1:3 DLLETRA
L. 100 ym ¥ v 7D K7 X —7 L— K& AT Al EEIK
FIZBT, WL CTEREIER L, ERUCEBZHNT
aA NV EMBALT, 25°C, BhLEL— b 0.1C DEMHT
T EREBR AT o7, Figure 1 /KA v & —% BV TERL L 7= R AL EE
3. HRBIUSBE (@). AlLOs(b) BLUOHI—RY (€) =—F 4 v WL
Figure 1 [Z/KFBAA o H—% WA BT D AR % ji L 7= EERbAEE LiNiosMnysO4 0 e fic B sk Bt 5.
BLOa—7 ¢ 7B Z i L 72 LiNigsMny O, 2> H/ERL L 4 A[1:ALOs 2 —F ¢+ 7 — EHikHE O TEM &
7= L Fe i EE AR A R T, RALEED LiNigsMn; 50, &
P L7235 A BN T a—T ¢ v F AR A i U 7= IEAGA )
HYERL U 72 B0 B EIR IR ICEOWERE TR L, &5
WCEBSIEDER L T\, ZHITEBMEHC 2 —F ¢ 7
PR ZfE L7 Z &2 Lo T, Bk O & il T & 727
DThHDHEEZBND, Figure 2 I[Z/KIEHETIZ 24 FRTIR K &
721 O IEMRR R B ERL L 72 FE b o> I 1 FE Bk B 2 7= 1,
RAERD EABIEHZ BV T A 7 VIO KIE 2 B RS (L
NSz, ZHUTIRAKFICIEMM B O sy TR EH L
Tl ThD, —HTa—7 ¢ » 7 & i Uiz EmsTE
OIER LGB AICB W TUIRAIETWARWEEA LIZIER X
BEOHEARER L THY K LA RE R LTy D02 20 THRRARORIE @, Ao:0) &5
o TMBORERMNG . KRAL L F—ZWAT Blwic, OV TR © 27 1 VR EE L ERH
ERTRHC =T o > 7B % T FIREIEFICA R Ty LiNiosMnusO DFHERER R
HrEZLND, AR ALOs (0) KU —ARY (¢) 2—T 47—
TERRRTEND L — b B
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B AMBERILY Sns0, KM % A=K EEHEEEN D
KRREERUBRRELEDORE

OHE 2 BA Bk a8l 280 L 8E gif &7 EE2mA K
(E)IKE ' BEKEIZHER D

Hydrogen and Oxygen evolution from aqueous solution in the presence of various sacrifice agents over mixed-valence
tin oxide Sn;0O, photocatalyst
Toyokazu Tanabe’, Masanari Hashimoto®, Tatsuhiro Tanikawa®, Takao Gunji, Shingo Kaneko?, Futoshi Matsumoto®
(Kanagawa Univ.,* Research Institute of Engineering for Kanagawa Univ.,?)

1. BW
AR IEIS BRI 1 2 2 K RSP T L 2 — VS DA KIS D DKRFBRAET 7 U — 2 Te kT
fiie LCTHER SN TWD. BATO ARG EM A DL  13A D @ RCHEMETEN LG ENTEY 22
F@fﬁfﬁiﬁm@fﬁif‘%ﬁ%iﬁ%?@sz\é IRETRFMEE Y SngOy 1XZAM CEREEFM AL O = W AR D
Sn @215%1&; D, KEREICTSRGERMEEZA LTSI EMND, PREEERA LY ) — 2Kk
IZi# LT 5. 2 ZCARBIFETIX SnO, @ ISR T w5%@7»:—/vwﬁum@m%@7J<
%’?%‘éi%&()v S FRBOS OISR 2 B RS & LTz i@ e Al 2 D o iR I SOV TRET 21T o 7.
2. Rk
Sn30, DA FITAKES N L VAT o 72, HliKIZHEAL
22 RFAMI(SNCly  2H,0), 7 T =S R U A
(Nag(C6Hs0,)) & & fi% =, NaOH T pH % % L 7214,
A —hr27 L—7H 180 CTHIGEIT- 7=, HHEAIK
TR D> & DIKFE K O A BOG I3 PA SIS BR A& & &
VY, ARG OFJR 300 W Xe 5 o7, Hoya L-42 A >
420nm) B T TTTVy, ARG 13 GC-TCD, ik FHAR
3T IC THHT LT,
3. BRBLUSBE
Fig.l IZFFERN NI 28T L a— b
DIKFBIEATEME 2 R T }Iﬁ:@( 1-4 £ TOTLa—)b
LUl 7 va— T s Glycerin 205 KkFERAE%E
e L7=. tert-butanol X OF Glycerin 2> 5 1%, HE#ER| &
L TCEZHEN TS Methanol L0 %< OKFEER
H 4 e L7=. F7=, Ethanol <° Propanol & O* Butanol
DEBMERIZBNT CO, BBIES N2 &b, =
NHEO—ILEeBbETHEITL WD EEZ LN
% . Methanol D EE b S IEFE I % 59 % 72 ¥ Methanol ) _ o
KOEDBIGRIEPIIETH % CHO, HCOOH & L O B T “ander wisibl
ez A TRARFECORSEATE, SHRRUIIRIC o diation (. > 420nm) +(a) Methanol, (b) Ethanol,
BIF 5\%&52%@&%75:@2 7= (Tablel). MthanoI KO (©) 1-propanol, (d) 2-propanol, (¢) 1-butanol, (f)
CH,O ¥R TG OWAHIZ HCOOH 23t &40, 2 bytanol, (g) tert-butanol, (h) Glycerin
RAAB) THE Hy OB 23 S 77z, HCOOH ik %
WTZRUES TR Hy PGB S V7R h 272 2 L5 Taple 1 Reaction products measured after visible
Methanol D%{liE HCOOH FTHEITL T D Z L2357 ight irradiation (A > 420nm) for 5h from 2.5M
olz. —J7, BRI A W RE R EDOKRFI TIETAE  CH,0H, CH,0, and HCOOH solution.
IR RN THERR SR o T2 Sn3O4 DAl AL E 1

H CH,0 HCOOH

TR E I LN TRE T H D 120, PRSI iR# 72 B) @mel)  (umo)  (umal)
fRIEAE R 2 T D BN D D & %z bhd. Reactant (2.5M)

CH;OH 23.5 <1 15
(1) M. Manikandan et. al, ACS Appl. Mater. Interfaces. 6, 3790, (2014). CH,O 25.8 _ 45

2) M. Hashimoto et. al., JN i. Nanotechnol. to be submitted
(2) ashimoto et. al., J Nanosci. Nanotechnol. to be submitte HCOOH 0.6 Nodata e
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CuUNIi ZROH-ZIZHEIT2H->=BOHEE L MEZMEDOERQ)
CHZNNRTHE, 2ENIKRT) O TFEEL BRI 2 FREEAL MBEMm2 MR K2
F—O—F [ZEbox, MEEN, F /2 EkES]

1. #E

FEFEI MM O AMEZ AT D EERER TH Y, MEIOMMEREMEN LD 7= Dk~ G 23 7e S
NTW5, AIFFERIZZNE T, HELETHD Cu LHELEETHS NI 2 HICHE LI-£)E
i —IRIEENTIC LV ERLL, 2@t o Cu, Ni @E2 Bk L7-0, CulNi {BaoEfEE LT
DF 52 LI L0 EEEMENT BT 5 2 L 2RELTWD, Fix D ZNETORE D05, 25mm
UUTOHEORIE 249 52 BIEICB VT, B 2BMOm AR/ BESh, —F5T, 25
nm £ CORMAZET2LBEICHELTIE, BREACBELZMATY Y, ZEET O Cu, NiHEDE
EOWEEZT-V TS V2 LIC L AHMEREDR EAZSND Z Lnh, Cu, Ni J&5mEOHIE<
Cu, Ni HJgofkiEiE7r E ORI K-> TR DEEEO R EXREIfF SN S, £ 2 TAIET
1%, Cu, Ni HBOERIRHICELI D EEBR/ SV AIZERL, ZhESEILELE L2 EZH WD
Z L2 Lo T Cu, Ni HEDOREEMEE, st A X7 EnZL, MEREER M ET 20Ttk
WNEBZ, 2V AOHINFEICE L Z S TEEREEERL L, MEREMEOBIRIC &0 X 9 2 fEm
NHBINDIZOWNTHRFTT D E L BT, TNHDOEEED Cu, Ni g% ikihiEido 7 ST
L7,

2. RBAE

W5 X O T HIEIRIC MRS A AL, REOM £ 1 CuNi SREIEOUMA & BT 4
RIS A D BR < T2 OIS RIALER & LT, N TR,
EfRNUG, EAEZ1T 72, Cu, NiBUBORUEIL, F1 <Sndebam

IRT 4D CulNi o X, SHlie LTASmEsR 1 o0 oroM

mm, E& 10cm), BT g« HANR ) 24w kb (VMP3, 50090 8.0X10%M

Biologic ) % MV CEMM VA ZFINT 5 2 LickoT M2 o

{T o7, # /L ADRIZIE 10 BIIOD > SR Z RS —— —

. ZRMOMIEEE, ERNETERSICEM L EE [ e

T T BHHTEM), TTHROITLTRAF B X iy — s ——
B(EDX), b HESARHTIZHENE X BRIEIIF(XRD), HEEFERE Cu-01 Adm

FHEET 7Ly 7 RO R B ERER B A O TITo 72,

3. HRBLUEBER

X 102, #ex 7o TERLE
Cu/Ni ZJalEo B EE R,
Z DN B THERREL L 2 5
ZRLTWS, ZHETORER
3, CulNi 8D JEH17% 200 nm 7>
& 50 nm O&iPHIZ B TIE, Cu/Ni
J& D SR ORI THRTE S M
(CEEREIR BN 3 D & R
L, Cu, Ni Jg D4 JE I T,
HE 2B T 5 -0 fiibhn 5 3
JV A OHEIINEE A HIINT 51296 >
T, o CulNi BoOEIZHBWT

SEFRRRENED LTS8 m G gk e 2 CHEM L 7= CuiNi 280 BEEE

7j§§:}75‘50 if:, 1/\0/1/ZZ?)7L:D GC giﬁ“‘ az 31 ’_M_ = EO)H: o
RSN BIBOE S IR T 5 RIRICI T D BRRARO LR

(OShingo Kaneko, Taiki Kawasaki, Kento Ito, Toyokazu Tanabe, Futoshi Matsumoto
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[X] 2 Cu(100 nm)/Ni(100 nm)ZJ& T @ STEM(1)# L U STEM-EDS ~ » > 7' (2)1%
2NV ANE — 1 (@) 100 nm x 1 [F], (b) 20 nm x 5 [A]

=
43 Cu(100 nm)/Ni(100 nm)Z% Ji& B ifi o il BRAREF =147 X & {111} 36 & 0200} BT 2 FH v 7=
TEM BEREFE. (1), (2) 1%, ZhEh Cu FEMITxE U CHEE F 7213 AT H N4 5 5 k(]
P OFRIRGE ) THEAR L 7= 455, LA 8% — 2 1 (a) 100 nm x 1 [, (b) 20 nm x 5 [A]

&, VEDPNELS 251206 TERBLRENRD T LML AN, ThbDZ &b, BER%
B L TaiET % 2 }: 25 CulNi ZJEIE DM EFEMEZ M LS5 ECHERD 2 ENRB Iz, £
ToHEE AR TH D Ni B - & (3& LITRT - &2, BEE2 3um (272 % £ T 5A/dm* ©
EEMAEINT S Z LIk 1ERD) 1231 MR 13 153 g/m* TH D Z &5, 10 nm x 10 [4],
10 nm x 5 [F]0D /L A St TERY L/ﬁ@(ﬁﬁ/i\)ﬁ Cu % 50%% A L7z CulNi ZEfix, NiHE» -
L FFDOMERME LA T2 2 ENANRORENOH LN E o7,
AWFZE TR E 7, B ECE 190 LTz CulNi 2O EEFEME S M) B9~ 2 JRIR 2 88 5~ <, i,
YA X, SO F vy T 7 X VB — 3 U &21T o7z, X212 Cu(100 nm)/Ni(100 nm) 2 J& i
Z 1A (@)F L5 [0 LA TERLL 72854 (b) Wi STEM 14 & STEM-EDS #5247, 1 B0
NIV ATER L7256 @), Culg e Ni BIZENEIVHMEIZ D IVTHEET D08, 7L AL R L
7= 56 (0), Ni—Ni BEREICIHEFITHE D Cu DB SN TND Z LR gnoTe, S BT/ L ADHIN
DT & o THEEE PRI E - 72 < ;ﬁ'\:fﬁ 52 LB o TE(X3), LD/ )V A THIEZ{FE-
7ot (@), FEMCEATHIICEL A L7z fmlc th_(a-2), FEMREEE T MICEd A L 7o imai £ < Bl S i
D03 (a-1), AwXSET$E%¢OtEH,%WE J5Tl(b-1) & AT 51 (0-2) T Ni J& D i1
IZHMNC L DA ZENRRGNT, TOH A X3 nm L/ &<, MR IIBIE I e o
oo ZTNBEDZ EMND, % Cu, Ni BEBEEOSINVAEMAD Z LI &> TR S B L EE T
FEREME O LS A BN JRRE, Ni BRI b L2 Z & &, Ni EHIZIERIZHE Cu JEATERL
INT=Z ETh b LiEmm Lz,
Xk

1) M. Fukunishi, F. Matsumoto, and Y. Sato; J. Surf. Finish. Soc. Jpn., 62, 681 (2011).

2) M. Kimura, K. Izawa, M. Fukunishi, G. Kobayashi, Y. Sato, and F. Matsumoto; J. Surf. Finish. Soc. Jpn.,
63, 769 (2012).

3) K. lzawa, S. Kaneko, Y. Mochida, G. Saravanan, A.J. Jeevagan, G. Kobayashi, Y. Sato, and F. Matsumoto;
J. Surf. Finish. Soc. Jpn., 64, 605 (2013).
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PtPb & /EREL &AL IE/W O3 S AliE D & B & AU TER 1% (2)

MR, 2SR T, P HUR TR T)
OFpEIEREY, mBEmY &TEE2 SRS mAax!

F—7— K DRAME GRECAY, Bty 727y, KERE]

1. #E

KFEIE, B ORI BICHLEAR A K2 H LRI V- =3 L F—JHTH Y, 5124k
FTREIBOWTHIFICEENELS . KBAEENPVLELR>TWAMETH D, K X 531
T A (G D FREOGIZ I 2 KFBARIT, AEWEOHILOHIe BT, TRV —OERIZE
T DIEFICHER RIS TH 5, A EEIERIE L LTz & & oD ER To M X 5/k5E
AERRIZEBWN T, SR LT & v 7 O)NocEE R—795 2 LItk o T, AL E M2 5%
BREEDHENTERFIEO—DTHDH[L], LML, ZOHAEARSA LTV HEEIEIT ) MY /e
0. ELICEMOFRAICIAEEHLLELTLE Y LWV ZRIERE-> TS,

fefb 5 o 7 AT L (WOR)I X AT & i 23 TR C & 28 B2 iip gk & L CIEE ShTwnd
M, —H TN RE vy v 7k & UTETIEPETT D85 L-L MR 722 EORTER &
Do LU, T, 20X 5 726K CHRIEIC A4 (PB4 FEFT 2 & IZ TS MEdE S,
EUVOLAEPERE A2 R T L IR STV D, T ORERIIB A TRT 5 2 LI ko TEMERER
A B A BT 2 Z e N TELH L AR LTS, —F., Fxit PtPb 2B LEWITESAL
FHNCKXBERLT L a3 — LB E R T 5 2 LN TE[2-3]. Ot ComER T, AHEH D
BRSO E R E T2 2 L2 RH LTV D[4, b oMk 3E&RBMILAY PtPh B
fikli % N EHEIE O FREOGE KOV AUSEE 9 AKERAEIZ OV THERFT 21T - 72,

2. EEBRAE

Pt/WO; DA kT, SEEEEZE HWTIT - 72, WO3 & & e/ KA L 4l (H,PtClg-6H,0)
ZINx 1.5 h BRI > 420 nm) 21T o 72, D%, BEERETHLA Y ) —L 2z, &6
\Z[RIEED IR T 1.5 h YERRET 2% 2 L 12 K - T Pt NPS/IWO; 2 4537=, EHRHHER PtPh/WO; DA Fil .
~A 7 aERY A= EERNTAEREIT T2, =F L7 ) a— L aEENETAIE LCTHER L,
55 H 7= PUWO;s & EEfREN Pb(CHSCOO), Z A T-iRtiic~A 7 aa B+ 252 Lk,
PtPb/WO; = &k L7z, 7> & LZHEF L7= PtPb NPs/WO;
DERITHEFED FIALEEE T, HPtCls - 6H,0 KN
Pb(CH3CO,), #=F L >/ U a— /L CRIFEILT H Z &

\Z K> T, B b= filEiz > T XPS, TEM, STEM,
EDS OWVEREA A 1T o 7o, SRS O E 13 PASH A B R
PO EE il bt & B SRV ER & i U 7= IR K VAT &2 F VY,
W 420 nm DL EOYERS N CRISZ1TVY, FIROBby
fIEIZFE D Ho B X OYCO, DERRBEEE=X 1 7 LT,
3 BRBKLUBE

Figure 1 \ZA % L 72 Seflitod TEM BE34E B4 7~4, WO,
FHIZ, BhfIEECTH D Pt & OFPtPb ki 1-7% 2~6 nm THrk

L TW A2 BlE S - (Figure 1 A-B), F£7-. PtPb i+

DAL, PLIZ Ph A A NS n-Z ik, kiv
BPRKREL o Tz, SHICHRTEMIZ LS F /K@  Figure 1. (A, B) TEM and (C)
fEim i OBIZRIZEB O CIE, PHIZ Ph 2SR L, & E#{ka  HR-TEM images of (A) Pt and (B-C)
Wil Li= 2 B ICERERT DRG0 B a2 5 = e PPb/WO; (Pt loading: 1 wt. %). (D)
% ZoHERREITZENE 0.216 nim, 0.202 nm T& Y FFT pattern obtained from (C).

(OTakao Gunji , Toyokazu Tanabe, Shingo Kaneko, Masahiro Miyauchi, Futoshi Matsumoto
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(Figure 1C), Zh b DKL 2T 5
Fast-Fourier transformation (FFT) (2% v 15
B AT FARIZIBN T S PtPh Diffidl i
HICHKkRTHIARy PRBEINT
(Figure 1D), F7-= STEM-EDS /54554
=D R HICB T D IR LA
bH INHDBEE L FFT /RN
/onTnD, .

Figure 2 (24 B L 7= PtPh/WO; Yt filifit o 3 36 38 a0 78 76 74 72 10 68

Binding energy / eV Binding energy / eV
XPS MIERER AR, W O 4 BEIZEY  Figure 2. XPS profiles in the (A) W 4f and (B) Pt 4f
T, BZAT 910D WO3 M OVERIZHE D regions for (a) PtPh NPs/WO;, (b) WO, (c) bulk PtPb,
BRI AHE L7 & O > 7 LTIk and (d) bulk Pt.
TR ELTE LT AKKICENT
. WO3 IFZE L TWD I & BLEE X iz (Figure
2A), E7 Pt RUPPb DL 2 kB P 4fdisED  300F
E— BT 5 L, REIEAMIET 5 2 Lok %

H

Intensity / a.u.
Intensity / a.u.

CO, + 2H* H,

2¢
ook HCOO\JZh’ \/
PtPb
W\

DWEe—27 7 MRAELTEY, ARLEEZERZEO
PtPb/WO3 (% PtPh D /3L 7 kL& HEFIRRER 24T
—HLTW5D Z ERIZ s - (Figure 2B), ZDZ
LD, Pt & Pb OF /7 kiF1E WO; ET&BER LS
WEEHR LTS EEZBILD,

Figure 3 |28 o3 iSOG Z BT~ 2 Sl s 4 %
Y, Pt BLOERBRLEY PtPh ZHEFL T
VY WO IZBWTIF R KFEOBAEBRNBIE SN 50p

H, formation / pmol
O
S
T

PPb/WO,

Pt/WO,
FeoT=DIZRF L. Pt &8l L LT WO, L%y _’&’_\_f_&
BLESHE, DFNCFMOSMEISAEITL, = Ve
gﬁ'ﬂﬁﬁ%(COQ% iy UWK%(Hz) R L7z, Ziud, Irradiation time / h

BRI DN RAZ K0 | BRAb IR ST RO 78 Bl il oD 52 %8¢

TLVIRLHEITLTCWADAZ LIz L - Tlgfbsfi  Figure 3. Time course of CO, evolution during

LTWAEEZLND, S5 PP &JEErems  the decomposition of AcCOH over WO3, Pt/WO,

BYAREL LCA TR, PSR OB b L, (P loading: 1 Vj’t) %) and FiPb PSPV (Pt
o ; . - L s _ oading: . %) photocatalysts suspended in

jfrpm“%ﬁ{ﬁ%ﬁ: WE L 6“ E 75\%&%;{ S {WL“’ an aqugeous formic ae:id solutign (5 vol?%) in the

SORGIL, FEMOBACSISAETTH Z LIZL YD precence of Ar under visible light irradiation (1

AR L7 1 b (H) 2 WO DAREHE S PPh (27 S 420 nm).

ASNIZEF B H OBRITTIIZFTHE LTV D 72K

EPER LTI EEBEZADBND, £, HMBLEOS 21T

STk, U EREIRL, BT ZITo7c & 2 A, SREEEY PPb 1322E L TIAL L T

LT EMRBEINT, ZOZ L baeREEITAKFAE B AR L U CEISFTRETH D |

WO EIZHHEF S 1172 PP R 1 23 Y SOS I Z 35 1T 2 R DR LSO e OYH OIETT RS 2% L CHEE

AT fERE 2 Ff > T D & iffiam L7,

S E X

[1] 7= & 21X G. Liu, H. G. Yang, X. Wang, L. Cheng, J. Pan, G. Q. Lu and H.-M. Cheng, J. Am. Chem. Soc.,
2009, 131, 12868.

[2] T. Gunji, G. Saravanan, T. Tanabe, T. Tsuda, M. Miyauchi, G. Kobayashi, H. Abe, F. Matsumoto Catalysis
Science & Technology, 2014, 4, 1436.

[3] T. Gunji, T. Tanabe, A.J. Jeevagan, S. Usui, T. Tsuda, S. Kaneko, G. Saravanan, H. Abe, F. Matsumoto J.
Power Sources, 2015, 273, 990.

[4] T. Gunji. A. J. Jeevagan, M. Hashimoto, T. Nozawa, T. Tanabe, S. Kaneko, M. Miyauchi, F. Matsumoto,
Applied Catalysis B: Environmental. (Submitted).
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AICI-EMIC A # ViBIEAN LD TILE ZOLERHH=
[ZHITDRMBEIDTHE(2)

CHZNIRT, 2HFNKTH) OfA K'Y, BR-EYL 5 FFY &7EE2 mBsmn’
F—T—F [TAI=0L ERO-E, AR, KiEER]

1. #8

TV =0 AADFEREME, EOVEL - BREEN, FEYSICRT A mOSEER, BBz LD
MHERMEE 5T 22N TEDREDZ NG, FixRbODa—7 4 7iELE LTl T
WD, BEx IRRPEL O E~ARER A RS2 51T, WEARETE, (LRRETE, T VI =T a0
SERENRDD, LinL, %, WEEMME, #fia—T 17, AL Ay ZREMZ EOFER
Mo LB TLYEFARAIND DT, Zli7eEE T, =il - KK N CT 2 2 AEREOER;
EORBPMLETH D, S DICEVIRRMEEZM 535 Z &, Eittomsnwa—7 47
MERC A7 b L7 hua=2 ZAME~OISHANHFCE 5, AIERD > RO IR Z E &I
IZRHI L TW D DIE, ZFBORMFEIT T2 A F ANV T 4 -4t T VI =7 A(AICL)-A U =
FLUT IV PEROMTSTEVAFILANLT 4 T L 2 =7 A(AICL)-HLY A F LT v
EoU L ZORBETHY, FOEBEOIFEIL, 70-80%Th YV, AlLJED AT % 91.5-92.5%
(AT#H450-500 nm) ° (TIEEE L TWR, ARFETIE, A Al IV, RETER80%LL Eo
RYEZ AT DAIERD > A ERT 5 72O ORIMFIOFEICE L TRETE21T - 72, BRI N T
1-=FI)I-3-AFNA XYYy A7l REMIC) Mr= gz vy, WflE LT Y=7TY R
(IA) ZiEHT 2 Z LIk > THIEDORVAIERD > XEN/ERcx 5 2 L 2@E L T0nd, K
HETIE, IAICEU L= &2 H T 282 2N Z VTR Z1T9 2 L1k, RO -
X CBHGTHHFREEICHONWTEREIT T2,

2. REBITE

cm %ﬁl%cﬁ;]f;}%gﬂi%géfg ,)1 Table 1 Bath composition and plating conditions for Al
M E L THWE, oo electrodeposition

ij%%’& &Tgiigg%g@:}éz;?% 1-ethyl-3-methylimidazolium chloride 14.3 mol%

., oxmE L T, AlCL 28.6 mol%

57 0
AICI-EMIC- F b > % VN 7=, fﬂ?ﬁ };ﬂi; :
FIRIZBWNT, Mz (Fnii :femp:juu-e L “kc mo
S £ 4 ) PR - at 25 !
I, FEAR) IR IZ AICI; (Fluka, Current density oA

99%) % Il 2. 7= %, EMIC(FntHfiZ,
99%) % £ #£ (100 rpm) L 7223 B iR
MTHZLickoThHoZwE Lz, 4 V=7 R(IA, Alfa Aesar, 98+%), 1,10-7 =} > knrl
(PH, FyGfliZk 99%). vV v (Rt 99.5%), 4-7 2 7 U V0 (BIHALE, >98%), 4- A F 3
B U ¥ (Alfa Aesar, 97%), £V L -4- VAR T 2 R(RIEAL S, 99.0%) 2 FRINAI & L CTHW=, -
TIROMRK & Do 5% Table LITRT, £BORHBE OO > EEOERIZ /I m—T7 KRy 7 A
NTAr BEHE FIZBWTITY, 4 A X —F —THEHR100 rpm) LR35, @z Al #7(15 cm?) %
FAWT 25°C TEEMD > X &21To72, AIFR(ERR 1 mm, EX 15cm)z2 2k E L CTHY, EifK
HIZERE AlRARTET D Z k> THWE, o & EBICITEMATEE % i L 7=8[(Cu, 99%)HAk
W, PTFET—742MW5A Z LIk > T, CuERoBHER A 1om? & L7z, 8- X sl
%, Fa—T7 Ry 7 ANTTE b EHNTHSICWEE LTk, 7a—T Ry 7 ZAn6ROHL,
MBAMIK CUeE L7, BB IS, (ERESNZ® - SO RNEICE, BoERS R L

OFutoshi Matsumoto, Kazuma Uehara, Xuegin Fang, Shingo Kaneko, Toyokazu Tanabe
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AR E R (UV-2600 BB ERrEd) I kv, HEBUEEZ AW THIEZIT- 12, B85
& LTIl Al $E(AIN8OH-H18, —#7 /L 2 =7 AR D U RIAIERE R & HE Lz,

3 BWRBELUBE
Fig. 1 (1 Isoniazid {AE /5 8 mA D EEBIRDOSKMETE L=
S EBEDOTEART, Al o ZPERMEOINEE LT 5 720128k
S SCF A e U Tl 24T - T 5, Isoniazid A 545517
Al FHIX, £ IV IAATE TR EEBR E L CHICA LN DIEE
DONRMEZR L, REOFREREN D &R TE 7=, Fig. 2 12
SO TR OEEE R 2 V2 Al A o & RO SR E s B %
Y, &L LTHIR Al fEO K RRANER R M) S HFITR L TH
5o IA PH, ISINAIOIE L Db > XD H O Al FERD - ZEOARIZ,
WElE LT Yy, 473 78V, 4-A R BTV,
YDA IR T S REHWTER L Al XD - S EORE R
ZRk9, 500 nm DO EICBWTHRD Al EORE R 85%,
AICI;-EMIC- k /b= » -IA 1, AICI-EMIC- k /L — > -PH i,
AICI;-EMIC- MV AR B LIV Al - ZROKH=RIT, i
82,79, 72% & 72> T 5, AICI-EMIC- kL -1A 13 (b) 1> B 15
e Al XD - XX, ko Al E@)DFEIRMEIZIES 503,
AICI;-EMIC- ks /b = > -PH B (c) B & O
AICI;-EMIC- F /L= iR (@) B S iz Al
TR > AT, EmOWEERE R LT
WD ZEWGMND, i, IINEIOSy 1Rk S
L Al BRD - ZEOWIREDOERE D
7=z, gl LTey v,
LTI )YV, 4R RFUEY 20 )
v, BV UA-INVERT I RE 85
FAWTHERLL 72 AITBER D - XD
JERMEZ L L=, TS O 80

Fig. 1 Micrographs of the Al film surfaces obtained
on a Cu substrate by coulometeric electrodeposition
from AICI;-EMIC-toluene-1A bath. Deposition time: 2
h; constant current: 8 mAcm.

L ».._k\‘
AERMOTERLEAID - B0 2 o |
SRR, WIFIOY TS, 2 e
KV IA T DEALISE S 5 70 Sy
VCI/\<§:?}£:O¢C1 {f%%ﬂf:Al&)o E 65 '/" / -...‘-.

SEDONIRMVEN [ E LT Z &
NEE SN, BY Y DREEL 60
MTET TR, B KT OEAT B
D38 o X PO F RPN BB 7 %

(b () (e

ERELTVWDZERHEERTE D, 50 w ‘ . ‘

300 400 500 600 700 800
235 Sk Wavelength / nm
(1) M. Miyake, Y. Kudo and T. Hirato, Fig. 2 Reflectance spectra of Al films deposition from

Electrochim. Acta,
(2014).

(2) H. Hoshi, A. Okamoto and S.
Andoh, Hitachi Metals technical
Reviews, 27, 20 (2011).

(3) G. Hass and J.E. Waylonis, J. Opt.
Soc. Am., 51, 719 (1961).

120, 423

AICI;-EMIC-toluene-IA  (b),  AICI;-EMIC-toluene-PH  (c),
AICl3-EMIC-toluene-pyridine-4-carboxamide (d), AICl;-
EMIC-toluene-4-aminopyridine (e), AlICI;-EMIC-toluene- pyridine
(), AICIl;-EMIC-toluene-4-methoxypyrideine (h) and
AICIl3-EMIC-toluene (g) baths. The spectrum (a) was obtained with
a commercial Al foil. Preparation condition of Al films: deposition
time: 2 h, constant current: 8 mAcm.

—655—



BRI YERLEERARATILS A FREBDHEREE L RELREFEOERZ

CHZNRTHE, 2R T) O&TFEEL, STRIR S mBEme, Ak K2

F—D—F [BvEZLH, WAL ]
1. #8

P SN DB R L ¥ — DN 80%(% 200 °C UL FOIKIEFEIK CTH DM, FIHIND Z &< BT
HINTW5, BUITE, ZOX 5 RPEEEHFRIHAT 5 FE L U CRIRIEENFFE I S Bi-Te SREVE
FINEBINTND, Fxld, FEEE X0 BAIEZ W Bi-Te 587 LS U 7L ENO/ERLIZ R
DA TND, ZHETORFG, R AgEEZHG LTIoEs 17 4 /L AIZBWT Bi-Te /4
BIA BT 25 2 S ITIIREh L7220y, FOMREIT BiTes M7 O Z L IR S b v U 7 258)
(B 21 BiyTes TIE n BURE) Z R E WA MTI LA ETH o2, ZOREKEZHEY, v —MRTYH
L LT BEA A EBT 5720, AFE BT OERS 2 Kb+ 2 2 2 AL L,
2. EEBRAE

HERITIZARY A 2 R 7 41 A (Kapton®200H) % vy, %
DREETT L UT I VIKERIZEVSEE LT, IRV T,
Z OEEIEME & 595 72012 Pd AL LB % it L
7ot SRBESICE Y Ag KIEEZER ST, Bi-Te B
Bi, Te IRz ¥&fif S W 7= WERIEIEAIS > D O E B EMI
EOIERIL, Se, Sb & N—7F5FI2i%, ZhbDFk
WU EAR 2 AW CRBRICIER L=, £/,
PE-BRABEE O L& X DL, AR O @ REL,
BT ROER, B ~OBLIIZHONT LR LTz,
MG L XRD & VDTt U, BVEEZSHUERe 1 AT KL
O CIREZZ/EY, [R—miZki) 5 EE, KitEz
HESTSHZ LI X0 LT,

3. MEBIUEE Fig. 1 135472 IO XRD /34—

EDX XY, BiTes & L THRLAATHMITY  (2) EEEEHY, (b) BULFEZ D (@), () &

THNHHMETHHEMTHL Z L AMRTET  EBER» D O EERENTY
2

il

D, R THmEIRERNOEERREMRICL - T

18 &L I, W XRD ARBF(Fig. )i & 0 7% % N I
HIBE P3mL 7213 R3M ISV VISR SN D 2§ ¢ ¢ ETtE | |
Lassymot, EEIEEBMC L IER L BiTe, 2 LA | O 0.4
OBEIERERLAAE F(Fig. 2005, B—~ v 7483 &2 - 4 B0 c af
(S EADVTNNTMEIZL p E/oid n otk § LY E2 G A2
EAHR 72 5)1E 265 pVIK L7 0, piliciayy 41 w R e
LEBEFT LN mot, Thid, Bk 3 | b | 1 A a
[EELTHH LT <, Bi NENRTCTe LV §° .. | 1
BRICHTH L7 Sicky, whdhiisns PAmLl & 2g Lo .., » S L

BLRAZRY, p MnEEZ R L B BN

0 10 20 30 40 50

AT/ K

0

100 200 300
V/mvd

5D, ZHICH LT, BVLHEZRE L7 Fig. 2 IREEIC T 2 BYERE /) (2E) 5 L O V- BRHE(R).
BiyTes (2b), MiRER/NOEBRICELY  (2) EEEENY, (b) BULELL D (), (¢) IR D
BT S 72 BigTes (20)D SIE, TNE  DOEEFENY, (d) HEOZHD Ag - & fflE
A1-155 3 L 418 uVIK L 720, n B
HAERTZENDroTe, L LAV A i L7 EBJ LB IEE W n BoMWE %2R+ —F5T, %
DOEXCEEXH LTz, Z OBRKIZBLRE TIE2 0, Fig. 1 TREND L9 IZEHEEICR
F7e M EZALDET LI Th D EEX DD, LEDZ Enh, @mREERZHWEEBREMR T
VESRL U 72 BipTes LI C W CEARAY 72 n BIEEY 2R 52 E R 027 o7z

STk 1) J. W. G. Bos, H. W. Zandbergen, M. H. Lee, N. P. Ong, R. J. Cava, Phys. Rev., 75, 195203 (2007).

(OShingo Kaneko, Sekai Moriya, Toyokazu Tanabe, Futoshi Matsumoto
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AICIz-EMIC 4 A VRIEADSD P IV D AESED > EICTHRITDHRNIFIDRIER(3)
—AWIBEI DD FEE EFERMEDRIR—

CHZIRT, 2HRNRTH) ORSFEI &M, HR—EY &7EE2 mEsm, mx K

F—O—F [TI=0L ERO-E, A EIE, RiEDER]

1. 8 HxoMEs/—7TlE, TAI=A 0D Do XPEOEEL R OYRMR Eo7-H
2, SiRA A RIS 2 IBIORGET 21TV, B RTZDALEMTH DA Y =7 ¥ RHBUIA
ELTHEFCHEHTHDLIZ LE2RELTCE, L, A THOEBRENED L HIZHFLE LT
WOHNETIE ARG SN T I Rd o T, R TIL, A V=7 ¥ ROy FHEICEE LA
LA & wnAlE LTV, 81 (Cu) B BT oD - AR 2 i LEINFNC AT 25 Al Do X RO
IRVED LS 21T bR L OVGIRMEICE S L TV D EE 2 BEtd 5 2 L L - T, Ao sy

TAEIE & ORI DO FEBEBETR 2 E &=

WZET A E A B E LT,

2. EBFZE V=7 RS

DHELLL TV D ZERE N0 REER A5
Wiz 22 OFWILEMEA Y =TT R
DEVIRIE & [Fl &% iR A A R T
HOHENT VI =T L - 1-=FL-3-
AFNAIXY IV gAY R
(AIC1,-EMIC) 12N 2 TEAR D - X 21T

W (Table 1), $RIERIIC Al o SBEEIER LT, Hox |V o B oem (©
BEZ DWW TR RN AT e E R 2 W e S =R BE |~ A N w’|
WXL REOHRMEIZOWTEER 21TV, Fifds K OWr | : | S P
[ OYRAEIC DUV TIL SEM 2 VW CBIER L7,

3. BBEBKLUEE Figure 1 124 OEINHFID 4 THk

(D) (E) ) ‘ (F)
B LAl ERD > IO LR 2759, (A) | e ~
BLOB) OHXRENREHTHY . TOMDIERMENZ N o O

LWZ &S BAFR IR 2 /35 & LT, &I 75% 55% V9204
TIREFEFIZE FIVUEET AN THEENLET

Tablel o Xtk L Do X504

1-ethyl-3-methylimidazolinm chloride 14.3 mol%o

AlCl, 28.6 mol%

Toluene 57.1mol%

Additive 1.8x 10 mol
Temperature 257 C

Current density -4.0~-10.0 mAcim

Nan Va
84% N 79% 58%

bHZLRPD, SHIS, B ONREBIFFICZ Figuel (A Y =TI F, B)fY=2F
L2 Enb, B VD HARELRIEICE G L KTiFJQHUV%#?wﬁ%yﬁw
TVBZ bRl Shi, £, BRIEOBFTH-> 7 EF DA77 BT, (Bt
oA V=TV ROBMEERIMF L LTHEAL, o [ 72 F (AE VY 0o fiilEs LU

SRz AER U TR RZE L2 G S IRV TL, &

2 =450 nm (235 1F D AR

HILDONEDN 4 N3 N2 fiDNEFRIZ 2o T2, ZDZ
Eb, KPR ERET DR T LCEEEEY Y &V
YD N HALE DL EETHD Z ERDoTz,
Figure 2 (24 RINFIZ T, Al 8o WU Zfii L
7edm SEM &, BAFR N IRMEEZ R L7 (D) B X
VB IZBWTIERENFEIETH 720, IR
WF DO FIANZ B W IR REICARREA AL T
Too ZAUD OFERD SR O YRR L OVEENE &R
INFND 55 FAEEN OB HILITITEE R D Y A0 n

HDHZEEHLMNIL,

Figure 2 (A1 Y =7 Y K, B)f Y ==a2F

TIRK, QOB T4 DVRFUT LT

O Takao Gunji, Kazuma Uehara, Shingo Kaneko, F, (D)4-7 2/t VU Y, (B} Vb K7

Toyokazu Tanabe, Futoshi Matsumoto

R, (FE Y YD Al - & ERE SEM £
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Synthesis of high purity visible sensitive Sn;O, photocatalyst for hydrogen evolution from aqueous methanol
Toyokazu Tanabe®, Masanari Hashimoto®, Tatsuhiro Tanikawa®, Takao Gunji', Shingo Kaneko?, Futoshi Matsumoto®
(Kanagawa Univ.,* Research Institute of Engineering for Kanagawa Univ.,?)

1. BM

KB E AWTKRERBICOME L, AEIGRDE & BEYE A~ L AT X 5 DRSNS R A3 E H &
NTW5. RO AENGGERDEMBED % < 1T, N2 REX v v 7O IR EESA IR 0 -8 (RER L) |2 B
THEAF L H F—=TFT5Z LI LD AHDLSEEEZRBBLSETWVDHDONREL . R—E U 731 4 iEAI
K DRI A R b RRFICEA UEROBESEHET D2 &M SO FEER L 7eo>Tnd . Fx
W9 7 N —7 133 R— o 72O A ARG & LT Sng0, Z/KBARIEIC L VI LY F—T7%
MR H A~ EH T R BRI E DMK B % v U 7 OS2 IEI T, |SUVtfErEs s TE 5.
ULL7ed D, B AR ARTEE 72 SN0y MEIRFICHTH T2 Z & BRSNS L E S, ZhETHaik
fIBETENE IS DL, & 2 CARBFRIZIKBLUGIZ KD Sns0, D EMEA RS2t L, 582K
WZANT 72T VIR T D A & 7 — VIREERIKEEIR D> D DK E ARG & Gt L7
2. RE&

Sns04 DA FRITARBEISIC K VAT 72, BIERA L LT L 2 X ZkF#(SnCl, « 2H,0), §#E{k#AlE LCTr =~
VR =7 b U 7 5 (Nag(C6Hs0,)) % 1A fiF S B 7= KA, NaOH KIgKZMz2 52 & T pH 2L, 4—F
7 L—"7H 180°C CRUGEFT - 1=, WPERFH & L C XRD, TEM, SEM, #i# X #2565 10 61 (HAXPES), UV-Vis
WL AL R OVIE, Mossbauer 235615 % 2. A & — )VEBRERIKIET ) B DK A R BOG X BASH IS B
B&2 A, AR ORI 300 W Xe 7 > 7, K 420 nm LI E) BBE F TV, AKFAERE K OB 2 55l
L7z, AR AT GC-TCD TH#r Liz. F72Bhfilfit & LT Pt(0.5wt%) Z et tiic X v #8Es L= skHz >\ T
& [FIRR I TE LRI 24T - 7
3. BRBLUER

KREE RS 12 BRI R B RS 0 (CeHs07)¥/Sn**

LR, pH 2 BRI B L S8, Icil 72 A SR A RR LT
(CeHs07)¥/Sn?*E 1% 0.75~5.0 D (CHsO,)* i RlfEI:, pH 1% 5.5
~6.8 DOFFFEMED B HFPESAE TIZIN T Sns0y A EA W) &
LTH Bz, XRD IZBWT, SN0, DE—7 LA KD
&7 o T2 5 (pH5.5, (CgHs0;7)¥/Sn%"=2.5) D i BHZ S\ T4
FEM IR 21T > 7=, UV-Vis WU 2~ hVHIE L0 B
ENAWINEE T 7 > b & HAXPES HIEIC L A iS4 D
BEORERN LN Ry v 708 2.8eV, MiFE 1 O s
[E723+1.6eV TH Y, AIHIEHH T CORSIRIZH LT\

FHEECH D Z &Ny Tz. £72, Mossbauer 43 615 L
D Sny0,41F SN?* & SN* 347 L TV D IR A OB L T 5
L EFHT S 2 KR, Bom i L AREHZ R W T
BOARIEEE U C R & ) — )V KESHE D~ & K FE AT A DAY % il

-~ (Fi . ~ A | &

b & 1A0). © s S, - S e SRA RIS - BB 200mg, Bt PtHLEE L 0.5

- B A R

KRFEOAERITBE I N> 72(0),(d). AT EFHHE W%, 50 Vol% A ¥ / — LK 300mL. AR
(QE) DRFAfi TIZ, SnyO4 DA Tk QE=0.22%TH U, PUEMT  gapis i 3 5 420nm (75 A%1:Sn,0,SEM [2)
SN0 IZBWTIE QE =1.3%IZE L7-. LA EORE RS &l
& SngO, FEMIEI IR i ATRE 72Ny & A A L, AR E W KRR AEICH B RIEEZ2 7R3 2 & 3R
STz,
(1) M. Manikandan et. al, ACS Appl. Mater. Interfaces. 6, 3790, (2014).
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PtPhb &RFEEEW T/ HFZBIflE & L= XM DS EARYS B RIGD
s A M DR EY
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Synthesis of ordered intermetallic compound PtPb nanoparticles co-catalyst and its photocatalytic activity for
decomposition of organic compounds
Takao Guniji, Toyokazu Tanabe', Shingo Kaneko?, Masahiro Miyauchi®, Futoshi Matsumoto®
(Kanagawa Univ.,* Research Institute of Engineering for Kanagawa Univ.,” Tokyo Tokyo Institute of Technology?)

1. BM

WA, IR A SRR CRIHT 5 2 & 23T & 2T TR S B AL AREE OB 203 B AU I T TW\W 5, 8
{bs v AT 2 (WO)E RIS Z S RHNCRIL T E D Z ENHM BN TN DN, EONERERHMEL  BBEOD
RILROG AN L ETE T, RKEICHASPH)ZIAME L L CTHETAILERSH D, L, PtzBhfitgt e L
THWEGAIZBW T RISIERITE L E RS, @SR ERAOCABA B O BZ I B A 2 S 07 7 a —
FRFEFICEHETH D, —hH T, HFx TR ECEWORENEORESL & | Bt - U ComH 2 mEt L.
PEFRZFH ST & 72 PHfiltt & bl U CRIE ISR 2 1 E S8 D 2 L 2B S TETWD, RFIZ Pt L8k
(PO)2BIERL S5 4B LAWY PPh IXEE R O ILIGR T Va2 — LV OBL S 2R L EITIH 5 2 &
Z R LUT[1-2], % 2 CARMETIEL, EXbLFRINCETENETH o 72 PtPb Z etz 3517 2 Bhfifit & L CH v
. WO3 2 PtPh F /7 Ki 1% [ E 3 % Fikds KL OB DIEME 2 G W) O BR L /0 R SO 2 K- TRET L 7=,
2. RE&

PYWO; DA R, HEEEEZ AW TITo 72, WOz & 70 & ¥ 7o KR I L B4 8 (H,PtClg 6H,0) 2 il %
1.5 h M AESERE (L > 420 )21 T o7, ED%, BHHIEE LTAX ) — &2, S BIZFEEROIEIET
1.5 h L9 2 Z 212 Xk - T PYWO,; 157, PPB/WO; DAL, ~A 7 2R ) A — g% AW TiT-
oo TF L7V a—VaEELETTHE LTHER L, 155472 PUYWO; & FEfESR Pb(CHZCOO), % il % 72 %k
WZ~vA 7 a2 B35 L2k, PtPh/WO; 24572, ARk L7-filfitic >\C, XPS, TEM, STEM, EDS
DR 21T - 7o, MBSO PE I IHERE O RS % k5 L U, PASHIEER R RGBT U THLfillt &
i SLEE 2 i L 7= 5 vol Qo ElA /K IR IE 2 FV ., 23 30 kPa, 2 5E 420 nm DL L YERRST T T CO, AR &4 &
=X YT LN BITo T,

3. BRBLUER
Figure 1 |3 YEAREE(WOS)IZ . Pt B (PYWO,), PtPb Blyfili it 2 45
FE U 72 AR (PtPh/WO3) % i L 7= {16 PR T2 3817 5 lEfR D
ORI B3 2 fiEiE e 3 K OVE R L 7= PtPh/WO; @ TEM 4 %
ARLTWD, Ak L& BRAEEWITH 5 nm Ok 7 TH# LT
R8I S 7= (Figure 1 FfAK), 72 YefbiiiisrEicisnwC, Bl
fib (Pt <> PtPb) & FHEF L TUV 7220 WO, (238U TILHERE D 43 i St
IR E A EHEAT LR o To DIk L, Pt T/ K% WO, RIZHE;
L7256 BERR D R SOGHEST L, ER LR FE (CO) & Mt L7,
I 5T, PtPh &EMbEm Bt & UCHWZREE, Pt 2k
SHTGAITHAR XD ICEN T EEETH D Z ENBIE T
%o ZHHORERIT, WO, RSN -4 B E{LAY PtPb 23
RIS RS 3 T D B3R O IL e & BEEE OB (L SOS Ik L TR
ol U CTHEBE L CWD Z EARLTND EEZD I ENTE
Do ZIUEDOIEMRBERSZ I T D AR E T 5 Z itk o T,
BOSHKE I 2 B 2% LI2 i Rds KOO AW O RIS B 2 I Figure 1 WOs(a), PUWOs(b) % % PtPb
TEEIZ DWW TIERRIZB W TR S, IWOs5(c) Bl e it & w72 wT AR R
[1] T. Gunji, G. Saravanan, T. Tanabe, T. Tsuda, M. Miyauchi, G. i FlzIF HEEED RS ET % CO,
Kobayashi, H. Abe, F. Matsumoto Catalysis Science & Technology, 2014, A g% & #as 25 (L

4, 1436. A : PPH/WO, » TEM 4
[2] T. Gunji, T. Tanabe, A.J. Jeevagan, S. Usui, T. Tsuda, S. Kaneko, G.

Saravanan, H. Abe, F. Matsumoto J. Power Sources, 2015, 273, 990.
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Preparation of PtPb/TiO,/Cup-Stacked Carbon Nanotube Composites as Electrocatalysts
Futoshi Matsumoto, * Takao Gunji, * Fiima Ando, * Tsuyoshi Takeda, ? Hikaru Fujima, *
Toyokazu Tanabe, * Shingo Kaneko (Kanagawa Univ. *, Sankei Giken Kogyo Co., Ltd.?)

1. B8 [ER G  FIERREE oD BB AR ik 1 1 Xk
nm 20 A4/ ki1 (Pt NPs)% &R HAED 7 —
NUMEHCE RS2 — R U HHEE Pt
NPs it it 23 o5, Lo L, ERFE OIS
X, ﬁ—ﬁ/#ﬂﬁﬁmi‘@i{{hém Pt NPs 73 fHEF
RO L, EHEREOLILEE Z L NE
KAFEL 72> TN D, %@ﬁ*ﬁ%{f L LT, Fig. 1 TiO,/CSCNT _E"C® PtPb NPs DA il A & — A
e, B—RrF ) F 2—7(CNT)IZ Pt NPs % fH
FFSEDHEPRESND LI R>TETND
ZOBEBEIX.CNT MRS neTWr 7 7Ty
/—F,Lrs TOENE RN L2 K D0, ZF DK, Pt NPs
B CHEFSEDL ZENTE RN EWN ), KA
%ﬁ?é FZTARMIETIR, /97210 koT
ELND Ty THEEPEAER ST EEEZHT D
J s FAB 7 J3—R ) ) F 2 — T (CSCNT)
DT T 7 xrxyFmaEFMA L THBEAHEE L,
D%, BILFEIZ L > T, CSCNT O VA< L, btz A3 o&ElIc T 5 HiEEHn
oo THVETE LTI —AR AR BRI b 2 RS, 20 EIZPPhNPs Z#[EHET 5 Z &
LD, ko Pt LV EATLMEBEEESNGONLSZEEHREL TS, T2 TiX PtPh
NPs/TiO,/CSCNT & ik & FEARMAR TG MR 2 S T fE RAZ DWW THE T 5,
2. KB 2-71/% ) —/LHZ CSCNT & TiO, DHIBRATH 5
Titanium(IV) isoproxide, H,O Z WS N4 (2 HE M8 S H 450°CHlERK D
TRZEREBRVIRTZETHI—RrF ) Fa—THEIIC
TiO, Z#HFF X872 (Fig. 1), Pt NPs I% H,PtClg BiiBR{A D S
%Ki@ﬁ%bko%@%\ﬁ9ﬁ~w%%%WTM%N%
% TiO, BTk L=,
3. ﬁﬁ%d’se}:l}%ﬁ Fig. 2 IZA& % L 7= Pt/TIO,/CSCNT @ SEM,
TEM 14 %79, TiOJ/H—AR >+ ) F 2 — 7 FKHIZ Pt NPs(hL
T 5~ 10 NM)2AE D EUZHFF SN TV D Z E DR TE 5,
Fig. 3 IZ& & L 7= PtPb/TiO,/CSCN, Pt/TiO,/CSCNT 35 X O il
D PUSNILH > H— 7R (VC)D K D EAV SO B4 5 A
U v I RIVEET T KEasd, PPOITIOJ/CSCNT o+

YIWATHAT, RICENM TR REMbEREZ /R L Fig. 3 FROBISISICHET YA 27 ) v 7R
TWBZ Lt AR LT PPOITIOJCSCNT (¥ felg V7 h7 74 05 M FE 0.1 M H:S0, No 77
(LRI B LCRVIERE R B LTV B = L SRR T 7z, g o T T BT 200m, 55 91
HEN TR RS T OMBBE TIEE ISV T BT S,

Fig. 2 Ak L 72 PUTIOy/CSCNT ™ (a) SEM $ & U (b) TEM {4
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ONIOM-MD J£IZ &V BUES) & 5 & L 72622 50E O Pam b
(PRI - B OFHERENEE, )i

it

Theoretical study of the chemical reaction by the ONIOM-MD method with the consideration
of the thermal motion
(Kanagawa Univ.) oTomoyoshi Ito, Toshiaki Matsubara

(/=] Fxix, ONIOM kLo TE IFEERG L7 v 77 Axfs L Y, BICBIRE %
B8 UTALELOS DT 21T > T\ D, ZNE CTHI-RBREOEEZERM L. 357‘:&55@?%{%2
WROBETEBEEIXRALD 2R LTE L, BETZ2EBET 2L T“ftiﬁﬁi sl AR Y A
ARG LI, LRGSO FE-MABR S D

AIREMEAS A X U, I—> C'*S'
REBEBLSIZ, L<Mmb7z Sy2 SIS H TBPC|s

. Z O WaE (TBP) HiE o E B K -12.5 H
C|—s|\ v cr+ _si—Cl
[CI---CH3---CI] EH URISIE 1 BRCilET HH U Hy
b, —J. Si BT ETREERIOSSES 2% R o

Al RSB O TBP ##i&[Cl---SiHa---CI] 133 I

it & U CIEE L(X 1), BB IT 2 Bep CiEAT
5 9, KBTI, Si BT ETORMERIT T'fg‘,’;‘"s
JGIZ2OWT, WHHRESE L, BT @1 si BT - e ERR SO R G RE b
P TESELALRVWERER D7D HEB2G* L <L TOMIM =T 3L X —
ONIOM-MD VEIZ & 0 fif#bT %247 - 7=, (kcal/mol)
[FHRE L] BOSIZE N5 Pl L OEBIRED
RS Al ix B3LYP/ce-pVTZ LU TITV, UG FERE 1T
IRCEFICI VMR LTc, =R F—T 17 1 —/LOfHm
1. &V & B3LYP/aug-ce-pVQZ X° CCSD(T)/aug-cc-pVQZ
LAV THEDLLRWZ ENghole, £2, HEPLTZX
NF¥—7 a7 4 — X, HF3-21G* L~ L CH BB IND
Z &5, ONIOM-MD FHHEO =R /L¥F—(%, HF/3-21G*
LoULTEBE L7, ONIOM-MD ¥ 2 = L—3 3 VITiRE
—ET1IAT v 7 1fs & L, 100psiT-7=, KIS, K
BHoFo Slﬁ%?ﬁ%ﬂﬁ& 20 ARGy T2 T X BCELE L
(K Y LT AR FITIT TIPIP S35 /37 A =S Z VT2, [ 2. TBPyans @ Si JBLF-70 5 4% 20 A
[FEREEZ]  Si Jﬁ%@%/a\ CIOREKEIZATD  LINICEE L7 KEA:
JilE B R RETH H 7=, Back attack X ¥ %, Front attack
DIFISHERINNENL TH D, L7T2A3 > T, TBPyrans (T TBPeis & ¥ % 15.8 kecal/mol “ZE T % 73,
F 9 TBPs DNERK L, Z D%, = RV F —HJIT L E 7R TBPyans (IZEMELTILD LB 2 HNLD (X 1),
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L2y L7203 B, TBPirans FHEIA S CIDMiRBET 2R ICH VT, TBPgs Z#%H 32 D& b
SHETITHBIT S Z X TERY, £ZT QM-MD #HE AT/, TBPg HFEDT I 21— 3
Y EATOTERER, TBPGs & TBPtramODF'H'?T“;E‘f%ﬂ:%ﬁ‘ﬁ'%@ WL, FHEAITIE TBPyans 2> 5 Cl D fRHE
NEZDZ ENThroT oy BT RV — DA & H«f: & 2 A EB) T XL X — L TBPs
TIX HIRFICERT 508, ~j5 TBPyrans CIE CLIZEF T2 2 L3557 o 72, TBPes & TBPirans
OB TRMEADEZ D EZNICLEDN > TEB= XL —D oAb B LT, 202N
TBPgis % 1% H1 3" TBPyans > > CIOfREENE Z 5 KX RBHTHD L L2 BND Y,

K% Z & L T TBPyans ® ONIOM-MD ¥ 2 2 L—3 a9 VAT iR RT v vy Lo x L
F—ORL XX, KBEEOBIEEFC L > TE LI REL RV G L WIRIEIC /2> TV D Z &
Shol-(I)*N, Eim, ZOmOLENRTEMICELICREL 2D, TOE, HED SR 5
S5ALIND KT OBEEIML TWD Z BNy moTz, Lo T, KIBBEAAERMFE D WIZE,
SRR FOENEZ 5 Z R H Y, TODICHEEDORT oy V2 X VX —NEmL 25
EBEZBND, £, K TRRFTNCEET D L 250 Si-Cl OIRBAKREL 8D 2 ERNN-o
72(12 4), E£7-. TBPs 75 TBPyrans ~D AL & TBPyrans 7> B O CIDOAREEIZ 3510 T b RGBT 2

BOREFIIKSTPEET D2 LRI, THICE - T, EEOES) = 3L X —RE B
SNDBEEMT D ENyhole, ZOZERKEERZBIZL TS EEZBND, sHlIEY A%
T2,

.20 180
g 20 150
= 15 M Z — >
B MQ‘ s < 120 &
g 10 2. Q o
&5 10 |- 3 = 90 =
= S =z i
S 1 0 T A ISRt mmiommadtU . ) §
Z S o 1.0 - 2
5 | 130
(0]
S ' s — 0.0 0
0 20 40 60 80 100 0 20 40 60 80 100
Time (ps) Time (ps)
%] 3.300 K231} 2 TBPyans DR T > % 5 4. 300 K IZ351F % /KM H T D TBPyrans P
LT R — DR, B KA, /T A —X Ok . B d(1-2), &
Rt KVEIRE AR, Rt KVEIE A o Si T 0 d(1-3), fkta:d(1-4), R d(1-5), HE
15 5 A LLINO K1 DH. d(1-6), /Kfa : £2-1-4 (X 1 B ).
(&7 k]

1) T. Matsubara, M. Dupuis, M. Aida, Chem. Phys. Lett., 437, 138-142 (2007).

2) V. ERF. RRJR. BB 5 Rl FRERSRRS . 3P094, 2011 49 A, ALIR.
3) MR, %8y REFRmE. 1P110, 2014 /£ 9 F | HIAR.

4) T. Matsubara, M. Dupuis, M. Aida, J. Phys. Chem. B, 111, 9965-9974 (2007).
5) T. Matsubara, M. Dupuis, M. Aida, J. Comput. Chem., 29, 458-465 (2008).

6) T. Matsubara, J. Phys. Chem. A, 112, 9886-9894 (2008).

7) T. Matsubara, J. Phys. Chem. A, 113, 3227-3236 (2009).

—662 —



WRR2THBE H ARKEFERKFERSE (2015) . BEIR

7)< TRV E S (CFSH) OE(R FHEE#T

O (MR IR - RHERE (g -
R (R 1RER)

(H#Y) Z<&E. 7AH OO THREL T\W5H
siEtE R )L > (Crustacean femde sex hormone CFSH) 78
FRINZ, ZOWMSFEEREEZ T, 2014 FITHEIZIVY
TEDRMNS CFSH (Mg-CFSH) Z1— K95 cDNA %
7a—=7 Uiz CERL 26 HEEHAKESAMERS),
UL, CFSH EAMIEORITEDSHRSNZDIT, A=
CFSH O—fFlDATH D . HIANIEF DI NDNEIRTH
%, & ZTAMSE T, B FAH 2RI L T, Mg-CFSH
FEAEHIROREEHS NI B2 E2HIC L,

(i8] MEEORERZ V< TEN S, B, M. FaBest
i, NEEReMEET. R, BE. B, MR, WkE. Ir
FE28, UNBARH U7z, TS O/ S Totd RNA Z i
L. RT-PCR %75 Z & C. Mg-CFSH D#Hfkn (s T
BNz, RIT, BIRD 7)< TE DI ZYBRL. 4CT
—Wh, MREE 2T /2. BEELZIRNZ /XD 7 ¢ 2128
MU % #EEUA 2E-RLU -, #EiUAIE A MRS
>« AT (HE) ¥4k in stu hybridization (2fEL .
Mg-CFSH (=T 2HEH L TWAHliE. 3725 Mg-CFSH
PEARHIAD FTE 2T,

[(#53R] Ma-CFSH Dffeks D fnFFE 2 iR T fG R
Mg-CFSH |JHEREDIEM TR < FHEL L Tz, YA HZD
CFSH JB{n DI CTREEANTFEIL TWAN, 7))L~
TETIEY A1 ZD & 5 7R R e B TR s e
2770 RWT, Mg-CFSH FEARIIED BT 2 S INC T 572
DIZ. Mg-CFSH @ cRNA % 70— 72 Wz in stu
hybridization 21757z, Z ORGSR, HRFANOKESE & NHE &I
VXI5 FREREAR D 0 ITHFAE 9 2 S TR S 7 )L
INEHER XNz,
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Chelmical synthesis and biological activity of crayfish gonadotropin-releasing hormone (pcGnRH)
analogs

Junya Kogure', Hidekazu Katayama’, Tsu¥oshi Ohira* o ,
Department of Biological Sciénces, Faculty of Science, Kanagawa University, Japan; “Department of
Applied Blochemlstr%, School of Engineering, Tokai University, Japan

E-mail: ohirat-bio@kanagawa-u.ac.jp

Recently, new GnRH molecule has been purified from the ovary of the American crayfish Procambarus
clarkii and its structure was determined.  This was the first GhRH molecule from crustacean species.
Interestingly, the crayfish GnRH [g)cGnRH) showed stimulating effect on the ovarian maturation. 1
this study, "to develop the pcGnRH agonist having hlgher activity, two pcGnRH analogs (D-Leu

cGnRH and pcGnRH ethylamide) were designed based on mammalian LH-RH analogs, prepared by
he chemical synthesis, and applied to an in vivo bioassay.  The two pcGnRH analongs, native pcGnRH
and saline solution were injected into immature female Crayfishes. _Ovaries were disSected out from the
injected animals at two weeks after injection and their oocyte diameters were measured. The two
synthetic analogs and native pcGnRH showed significant stimulating activity on the ovarian growth, and
pcGnRH ethylamide was the most potent among the three molecules.
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Gene expression of crustacean female sex hormone (CFSH) from the kuruma prawn
Marsupenaeus japonicus

%ayaka Kotaka’, Naoaki Tsutsui?, Tsuyoshi Ohira" o ,
epartment of Biological Sciences,” Faculty of Science, Kanagawa University, Japan; “Ushimado

Marine Institute, Faculty of Science, Okayama University, Japan
E-mail: ohirat-bio@kanagawa-u.ac.jp

Recently, crustacean female sex hormone (CFSH) was discovered in the female eyestalk of the blue crab
Callinectes sapidus. Gene knockdown of C. ‘sapidus CFSH by RNAI was shown to inhibit the
appearance of the female reproductive characteristics. Therefore, it has been thought that CFSH
controls female secondary sex characteristics.  In our previous study, a cDNA encoding of the kuruma
(%rawn Marsupenaeus japonicus CFSH (Maj-CFSH) was cloned from the ovary. This is the first

FSH molecule expressed in the ovary. In order to elucidate the localization of z#-CFS_H producing
cells, gene expression of Maj-CFSH was analyzed in this study. _In the analysis of the tissue-specific
?ene expression by RT-PCR, Maj-CFSH was expressed stror_\g(lé/ in the ovary but weakly in the testis.
n the analysis of in situ hybridization, antisense {)robe of Maj-CFSH was hybridized with the oogonia
and immature oocytes. is is the first report of the localization of the ovarian CFSH.
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NIVE ARG LT
7)Y TE DRI DIZREIZ DN T

OIEBIETR GEAUKERS) - IR (SHRRE ) - Ok
AR - /vERT (AR IERED) - /Kl = GERDKERS) -
R () 1RER)

(HH)) Tkl 7L ITE R NANHEAS B2 FEOM
VBN ZED TH D, R 27 FREFRRTRE
Tld. 7 AU T H ARV E i SIVE >

(GnRH) 27 )LV TE DYNEETERRZFEE Lz nlgett 2R L
7zo ULINL. TORIIANLETH D, BREDEST L I-INRE
MO D DI MBI H > 77, AT, (EFEER LT
T AYHT Y HZGnRH, O 7FO7%1. R—=)X3I>7
DA OAZA RNERE L7227V~ TE OUF B Z Rk A7
ML, RIRFFATE DUPE & i 211577,

C51E] ERE 34 g TIRIEHDIRE 2 FD 7 )L < TEIC
GnRH, GnRH 7O 7/ &2 1 ugg BW., F—/83 >
T IAZA N (DA) % 100 ug/BORREE T 3 [BVEF L7,
IHT 473 bO—)LiEE (NCE) 1 3AMEBH/KOARZTE
Uz, 72B. SHBIXOZ IV~ LU, IR
22U TODIRINZF YRR L (BiiilR o —ifkR
). BRI LU=, £/= WIEWZYRRLZRD T 7O
> ho—)b (MHRURR) BEE2ikTI7z. &R0 27)IL<IED.
Bl okl 2 e Biafl U, INEK CFE 212 &) T 8 M
FHLZIT, DPBROMREIZE 2 TH 77,

(#55] NCEE GnRH #5%8f GnRH ¥ O/ #:58f DA
e GaE, mRCIEREFDOINRAMAZ B U 7R, FMAITEDNE
EREILANE = CORSEAIEE L 7R DB (BREE) 13, £
NZ 3B.3%. 286%. 85.7%. 57.1%. 900% CH-7z., NC
BEE GNRH B G TIIEARIZZEI TRV N, GnRH 583
YNEETERRDE TONES . — B CHEIRDWEER S 37z, BREARDN
—Femn o T MIRUIRREL L, pREADNEST L 7= IRREIIE ORI
INTDENH D, TNSITIERAICHZEL Tz, —H.
GnRH 7O/ # 5K ONDA #5843, KAREAT EIZ5E
WIFEETERR 2R LT,
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