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17th July 
8:30 – 11:30 Local Trip (Hiroshima Peace Memorial Park and Museum) 
 
11:30 – 12:30  Lunch 
 
 

Kick-Off Meeting of EPSRC-JSPS Core-to-Core Collaboration in Advanced 

Materials: International Network on Polyoxometalate Science for Advanced 

Energy Materials 

 
12:30 – 12:45  Opening Remarks 
 
12:45 – 13:05  John Errington Newcastle University 
 
13:05 – 13:25  Elizabeth Gibson Newcastle University 
  
13:25 – 13:45 Graham Newton University of Nottingham 
 
13:45 – 14:05 Darren Walsh University of Nottingham 
 
14:05 – 14:25 Laia Vila-Nadal University of Glasgow 
 
14:25 – 14:35 Coffee Break 
  
14:35 – 14:55 Haralampos N. Miras University of Glasgow 
 
14:55 – 15:15 Lee Johnson University of Nottingham 
 
15:15 – 15:35 Hong-Ying Zang Northeast Normal University 
 
15:35 – 15:55 Li-Kai Yan Northeast Normal University 
 
15:55 – 16:15 Tomoji Ozeki Nihon University 
  
16:15 – 16:25 Coffee Break 



 
16:25 – 16:40 Kenji Ohashi Nihon University 
 
16:40 – 16:55 Osamu Tomita Kyoto University 
 
16:55 – 17:10 Satoshi Ishikawa Kanagawa University 
 
17:10 – 17:25 Yuji Kikukawa Kanazawa University 
 
17:25 – 17:40 Kosuke Suzuki The University of Tokyo 
 
17:40 – 17:55 Masahiro Sadakane Hiroshima University 
 
 
19:00 –  Reception  
 Hiroshima ORIZURU Tower  
 https://www.orizurutower.jp/en/ 
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18th July 
 
 8:30 – 8:50 Manuel Lechner Ulm University 
 
8:50 – 9:10 Sébastien Paul Ecole Centrale de Lille 

 
9:10 – 9:30 Guillaume Izzet Sorbonne University 

 
 9:30 – 9:45 Wataru Ueda Kanagawa University 
 
9:45 – 10:00 Hiroki Miyaoka Hiroshima University 
 
10:00 – 10:15 Ryu Abe Kyoto University 
 
10:15 – 10:25 Coffee Break 
 
10:25 – 10:40 Wataru Ninomiya Mitsubishi Chemical Corporation 
 
10:40 – 10:55 Takeru Ito Tokai University 
 
10:55 – 11:10 Hirofumi Yoshikawa Kwansei Gakuin University 
 
11:10 – 11:25 Atsushi Yagasaki Kwansei Gakuin University 
 
11:25 – 11:40 Tadaharu Ueda Kochi University 
 
11:40 – 11:55 Yoshihito Hayashi Kanazawa University 
 
11:55 – 12:10 Sayaka Uchida The University of Tokyo 
 
12:10 – 12:25 Closing Remarks 
 
12:25 – 13:20 Lunch 
 
13:20 – 14:00 Core-to-Core Management committee Meeting 

  



Kick-Off Meeting of NANOXCAT French-Japan International Associate Laboratory 

 

15:00 – 15:15 Sébastien Paul Ecole Centrale de Lille 
 General aspect of LIA NANOXCAT 

 
15:15 – 15: 30 Franck Dumeignil Université de Lille 
 Hybrid Catalysis as a New Concept for Upgrading Biomass-

Derived Molecules 
 
15:30 – 15:45 Mickael Capron Université de Lille 
 What’s the right catalyst choice and the ad-hoc reaction 

conditions for a target molecule from glycerol oxidation? 
 
15:45 – 16:00 Masahiro Sadakane Hiroshima University 
 Results in the last year: Synthesis of PMoBi oxide 
 
16:00 – 16:30 Discussions 
 
 

  



 

Welcome to Hiroshima. 

Thank you very much for coming to our joint kick-off meeting of EPSRC-JSPS Core-to-Core 

Collaboration in Advanced Materials: International Network on Polyoxometalate Science for 

Advanced Energy Materials and NANOXCAT French-Japan International Associate 

Laboratory. The Core-to-Core Program is designed to create world-class research hubs in 

research fields considered to be cutting-edge and internationally important. This program 

supports join research, seminars, and scientist exchange between us for 5 years. I hope we 

can have fruitful collaborations. 

Current partners are 

Japan: Hiroshima University (Coordinator: Masahiro Sadakane), Nihon University, Kyoto 

University, Kanagawa University, Kanazawa University, The University of Tokyo, 

Mitsubishi Chemical Corporation, Tokai University, Kwansei Gakuin University, Kochi 

University, Chubu University, Kyushu University, Tokyo Institute of Technology, 

Wakayama University, Yamaguchi University, The National Institute of Advanced 

Industrial Science and Technology (AIST), Japan Synchrotron Radiation Institute 

(JASRI), and Nippon Inorganic Colour & Chemical Co., Ltd 

UK: Newcastle University (Coordinator: John Errington), University of Nottingham, University 

of Glasgow 

France: Ecole Centrale de Lille (Coordinator: Sébastien Paul) and Sorbonne University 

Germany: Ulm University (Coordinator: Carsten Streb) and Friedrich-Schiller University Jena 

China: Northeast Normal University (Coordinator: Yang-Guang Li) 

 

Masahiro Sadakane 

Department of Applied Chemistry, 

Graduate School of Engineering 

Hiroshima University 

 

 

    



 

 

 

 

 

 

 

 

UK 
Newcastle University 

University of Nottingham 
University of Glasgow 



 

R. John Errington 

 
Reader in Metalorganic Chemistry 

Newcastle University 
 

John.Errington@ncl.ac.uk 

www.ncl.ac.uk/nes/staff/profile/johnerrington.html 

 
Research keywords: Polyoxometalates; synthesis; hybrids; reactivity; non-aqueous; proton-
transfer; electron-rich; catalysis; 17O NMR. 
The advancement of polyoxometalate (POM) science requires rational routes to targeted 
structures and compositions for systematic studies of reactivity and properties, and our new 
synthetic methodologies and associated 17O-enrichment techniques are enabling detailed solution 
studies of reactive POMs. [1, 2] The resulting access to homologous series of POMs is revealing 
the consequences of atom substitution within structural frameworks and provides the basis for 
theoretical DFT studies and a deeper understanding of subtle electronic effects and bonding 
variations. [3] A detailed understanding of proton and electron transfer processes is emerging 
from studies of protolytic reactions in POM-catalysed reactions, e.g. alkene epoxidation with 
H2O2, [4] and investigations of non-aqueous reduction are providing electron-rich and super-
reduced POMs. [5] We are also exploring the self-assembly and templating properties of 
amphiphilic POMs, multifunctional catalysts that exploit the synergy created by incorporation of 
POMs at interfaces, and the design and synthesis of highly active POMs for small molecule 
activation. [6] 
 
References.  

[1] R. J. Errington, Adv. Inorg. Chem. 2017, 69, 287-336. 
[2] R. J. Errington, B. Kandasamy, D. Lebbie and T. Izuagie, Structure and Bonding, 2018, 176, 139-163. 
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Kholdeeva, D. Lebbie, R. J. Errington, A. Solé-Daura, J. M. Poblet, and J. J. Carbó, ACS Catalysis, 
2019, 9, 6262-6275 

[4] R. Canioni, E. Cadot, R. J. Errington, N. Leclerc-Laronze and C. Roch-Marchal, Curr. Inorg. Chem. 
2017, 7, 13-20. 
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M. Yaghi, and W. G. Klemperer. Inorg. Chem. 2014, 53, 13239-13246. 



 

Elizabeth A. Gibson (Libby) 

 

Reader in Energy Materials 

 

elizabeth.gibson@ncl.ac.uk 

https://research.ncl.ac.uk/p-type/ 

 

Research keywords: Artificial Photosynthesis, Tandem dye-sensitized solar cells, Supramolecular 

Photochemistry, Photocatalysis, Transient spectroscopy, Spectroelectrochemistry. 

 

Efficient dye-sensitized photocathodes offer new opportunities for converting sunlight into 
storable energy cheaply and sustainably.[1] We are developing dye-sensitized NiO cathodes for 
the photo-reduction of carbon dioxide or water to high energy products (solar fuels) using the 
lessons we have learnt from solar cells.[2] The potential advantage of this strategy is it exploits 
the selectivity of a molecular catalyst in a robust device. Assembling two photoelectrodes in a 
tandem configuration (see figure) enables water oxidation at the photoanode to supply electrons 
to the photocathode to be consumed in the reduction of e.g. H+ to H2. Generating hydrogen on 
one electrode and oxygen on another enables the two gasses to be collected separately. 
Additionally, by separating the functions of light absorption, charge transport and catalysis 
between the colloidal semiconductor and molecular components, the activity of each can be 
optimised, rather than relying on one material to have all the necessary credentials. We are 
tackling the main limitations to photocurrent, by improving the quality of the NiO electrodes [3] 
and engineering new photocatalysts, to increase the quantum efficiency of the device. The 
electron-transfer dynamics are key to the performance and a major challenge is slowing down 
charge recombination between the photoreduced dye and the oxidised NiO so that chemistry can 
take place.[4] Highlights from recent work include examining charge-transfer at the interface 
between NiO and new supramolecular photocatalysts using transient absorption spectroscopy and 
time-resolved infrared spectroscopy. 
 
References  

[1] E. A. Gibson, Chem. Soc. Rev., 2017, 46, 6194 – 6209,  

[2] N. Põldme, L. O’Reilly, I. Fletcher, I. Sazanovich, M. Towrie, C. Long, J. G. Vos, M. T. 

Pryce, E. A. Gibson Chem. Sci., 2019,10, 99-112. 
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[3] C. J. Wood, G. H. Summers, C. A. Clark, N. Kaeffer, M. Braeutigam, L. R. Carbone, L. 
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La Torre, C. E. Snape, B. Dietzek, D. Dini, L. Hammarström, Y. Pellegrin, F. Odobel, L. Sun, V. Artero, 

E. A. Gibson, PCCP, 2016, 18, 10727 – 10738. Dini, D.; Halpin, Y.; Vos, J. G.; Gibson, E. A.; Coord. 

Chem. Rev., 2015, 304-305, 179-201. 
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Tom Penfold 

 

Lecturer in Computational and Theoretical Chemistry, Newcastle 

University 

 

tom.penfold@ncl.ac.uk 

http://penfoldgroup.co.uk 

 

Research keywords: Excited State Dynamics, Quantum Dynamics, Molecular Dynamics, Energy and 

Electron transfer, X-ray Spectroscopy. 

 

Research in my group focused upon computational and theoretical chemistry to deliver 

detailed understanding of non-equilibrium molecular and materials properties. The research 

interests of the group are focused upon developing methods for and understanding excited 

state properties, nonadiabatic ultrafast dynamics and time-resolved spectroscopy. We have 

strong expertise in X-ray spectroscopy and molecular dynamics. Through the North East 

Centre of Energy Materials (NECEM) project, we are studying charge transfer across 

interfaces. This includes detailed studies into the coupled nuclear and electronic dynamics 

associated with electron transfer into polyoxometalates. 

 

References 

[1] T. J. Penfold, E. Gindensperger, C. Daniel and C. M. Marian, Spin-Vibronic Mechanism 

for Intersystem Crossing., Chem. Rev., 118:6975 (2018). 

 

[2] T. J. Penfold, F. Diaz and A. Monkman, The Theory of Thermally Activated Delayed 

Fluorescence for Organic Light Emitting Diodes., Chem. Commun., 54: 3926 - 3935 (2018). 

 

[3] T.J. Penfold, J. Szlachetko, F. G. Santomauro, A. Britz, W. Gawelda, G. Doumy, A.M. 

March, S.H. Southworth, J. Rittmann, R. Abela, M. Chergui and C.J. Milne. Revealing hole 

trapping in zinc oxide nanoparticles by time-resolved X-ray spectroscopy. Nat. 

Commun. 9:478 (2018). 

 

[4] G. Capano, C.J. Milne M. Chergui, U. Rothlisberger, I.Tavernelli and T.J. 
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48:214001 (2015). 
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Dr Michael Richard Probert 
 

Senior Lecturer in Inorganic Chemistry and Head of 
Crystallography, Newcastle University 

 

michael.probert@ncl.ac.uk 

https://www.staff.ncl.ac.uk/michaelprobert/ 

 

Research keywords: diffraction, extreme conditions, solid state, crystallization, polymorphism, 

instrumentation development, molecular and extended structures 
 

Mike’s research interests include: studying the structure/property correlations of molecular systems 

under extreme conditions, ranging from simple organic compounds that exist as liquids under ambient 

conditions, to complex multi-dimensional systems that undergo novel phase changes upon cooling 

and/or the application of pressure; the polymorphic nature of compounds in the solid state; and the 

accurate experimental determination of electron densities of crystalline materials. These areas are all 

aided by the development of highly specialised equipment and novel experimental design that form 

another aspect to his research portfolio. 
 

Web of Science ResearcherID: http://www.researcherid.com/rid/G-5899-2014 
Publons: https://publons.com/researcher/2522774/michael-r-probert/ 
ORCID iD: https://orcid.org/0000-0002-2412-7917 
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Graham Newton 

Assistant Professor of Inorganic and Materials Chemistry, 

University of Nottingham 

 

graham.newton@nottingham.ac.uk 

Newtonchemistry.com 

 

Research keywords: Organic-inorganic hybrid metal oxide clusters, coordination chemistry, 

molecular switches, photocatalysis, supramolecular chemistry, redox materials, energy storage 

 

My group is interested in the manipulation of the electronic structure, redox properties, photochemistry, 

and self-assembly behavior of molecular metal oxides and their analogues.[1-3]  This can be 

achieved in a number of ways, but our key approach is through the preparation of organic-inorganic 

hybrid molecular metal oxides, the physical properties of which depend on the interplay of their 

organic and inorganic building blocks. We are then particularly interested in studying how those 

molecular properties can be transferred across the size scales, from molecular to nanoscale and through 

to macroscale functional materials.[4]   

 

I would be particularly interested in exploring potential collaborations in the areas of catalysis and 

photocatalysis, and functional nanomaterials.   

 

References 

1. K. Kastner, A. J. Kibler, E. Karjalainen, J. A. Fernandes, V. Sans and G. N. Newton (2017). 

"Redox-active organic–inorganic hybrid polyoxometalate micelles." J. Mater. Chem. A 5(23): 

11577-11581 
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Systems." Angew. Chem. Int. Ed. 50(25): 5715-5719 

4. D. J. Wales, Q. Cao, K. Kastner, E. Karjalainen, G. N. Newton and V. Sans (2018). "3D-Printable 

Photochromic Molecular Materials for Reversible Information Storage." Adv. Mater. 30(26) 



 

Darren Walsh 

Associate Professor of Physical Chemistry, 

University of Nottingham 

darren.walsh@nottingham.ac.uk 

electrochemistry.co.uk 

 

Research keywords: electrochemistry, ionic liquid, electrocatalysis, redox materials, energy storage 

 

My group is interested in the application of electrochemical methods to chemical problems.  We are 

especially interested in the development of new materials for electrochemical energy storage and 

conversion.  We develop new electrolytes, electrode materials, and redox mediators for batteries, fuel 

cells, electrolyzers and supercapacitors.  We currently have a lot of activity in the development of 

ionic liquid-based electrolytes for these devices.  We are also developing polyoxometalate-based 

redox mediators for batteries and are interested in the solid-state electrochemistry of polyoxometalates. 

 

I am particularly interested in exploring potential collaborations in the areas of electrocatalysis and 

functional materials.   

 

References 

1. D. E. Smith and Darren A. Walsh, The Nature of Proton Shuttling in Protic Ionic Liquid Fuel 

Cells, Advanced Energy Materials, 2019, 9, 1900744. 
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Haralampos N. Miras 

Senior Lecturer (Associate Professor)  

University of Glasgow 

charalampos.moiras@glasgow.ac.uk 

https://www.gla.ac.uk/schools/chemistry/staff/charalamposmoiras/  

Research keywords: self-assembly, metal oxides, chalcoxides, mechanistic studies, ESI-MS, catalysis, H2 

evolution. 

 

My research interests are primarily focused on the development of metal oxide/chalcogenide molecule-

based materials for energy applications. The current research is focused on the discovery of simple 

preparation routes to chalcoxide-based molecular and composite functional materials as well as the 

understanding of fundamental processes in the self-assembly of supramolecular clusters and molecular 

nanomaterials with modular magnetic, redox, electronic, conductive and catalytic properties. 

A synergistic research strand which is being developed in parallel, involves the fundamental understanding, 

control and design of self-assembled chemical systems. Other recent research projects have investigated 

the discovery of intermediate reaction structures in an effort to understand the underlying chemistry in the 

self-assembly of polyoxometalate systems and extraction of crucial mechanistic information utilizing high 

resolution ESI-MS techniques. I am interested in exploiting novel methodologies such as template effects, 

investigation of fast kinetics and design of autocatalytic sets for the discovery and design of functional 

molecular materials.  

 

Possible collaborations with groups interested in mechanistic studies of nano-sized clusters, design of 

molecule based functional systems and implementation in functional composite materials.  
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“Spontaneous formation of a chiral (Mo2O2S2)2+-based cluster driven by dimeric {Te2O6}-based 

templates” 

[3]. H. Sartzi, D.-L. Long, S. Sproules, L. Cronin, H. N. Miras, Chem.  Eur. J. 2018, 24, 4399 – 
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Laia.Vila-Nadal@glasgow.ac.uk 
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Research keywords: self-assembly, metal oxide clusters, theory and reaction mechanisms 

 

My goal is to design new oxide materials with applications in energy storage1, molecular electronics2, 

sensing3 and porous materials4. I aim to combine theory and calculations with experimental research 

by creating interesting molecules, describing their electronic structure, and discovering new properties. 

I am also interested in using robotics and 3D-printed reactionware with inorganic systems, with the 

ultimate goal of being able to program the assembly5 of new materials with properties (e.g. water 

oxidation catalysis and energy storage materials). I would like to combine those novel synthetic 

methods with theoretical predictions of some parameters, such as IR, UV-vis, together with real time 

measurements. That approach would mean achieving an effective navigation through the chemical 

space, defined by the chemical reactants, and allow for a greater parameter control in the synthesis, 

and ultimately the digitalization of chemistry. 

 

Possible collaborations: experimental groups interested in self-assembly mechanisms and electronic 

properties of materials, anyone discover new applications of metal oxide clusters, porous materials.  
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Research keywords: (Polyoxometalates, Synthesis, Energy material, Electrocatalysis) 

 

Polyoxometalates (POMs) are one of unique metal-oxo clusters with fascinating structural 

topologies, attractive acidic and redox properties and potential applications in catalysis, 

medicine, nanomaterials, photo-, electro- and magnetic materials. The oxygen-rich surfaces 

of the POM clusters show active coordination ability with various transition metal ions, 

lanthanide ions even organic molecules. Thus, it can not only act as molecular building blocks 

to construct high-dimensional frameworks, but also use as multi-dentate ligands to aggregate 

TM and/or Ln ions into polynuclear metal clusters. We focus on three research topics:  (i) 

Design and synthesis of POM-based MOFs; (ii) Assembling new polynuclear metal-oxo 

clusters by the use of lacunary POMs and various TM and Ln ions; (iii) Using various POM-

based molecular materials as the platform to fabricate Mo/W-based elecrocatalysts for HER, 

OER, ORR and CO2 reduction. 

 

Possible Collaborations: Ken Sakai, Osamu Ishitani, Anna Proust, Elizabeth (Libby) 

Gibson 

Reference:  
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Research keywords: (polyoxometalates, ionic-conducting solid electrolytes, proton conducting 

electrolytes) 

 

Developing new low-cost and efficient proton-conducting materials remains an attractive and 

challenging task. Polyoxometalates are a type of nanosized redox-active molecules with either rich 

proton source or other exchangeable cations such as Li+, Na+, K+. We designed and synthesised a series 

of polyoxometalate-based proton conducting materials. The structure was characterized by single 

crystal X-ray diffraction, PXRD, FT-IR, TG，solid-state NMR, SEM，TEM and etc. We studied the 

relationship between the crystal structure and proton conduction of compounds, and studied kinetic 

process of proton transfer. We have even combined polyoxometalate clusters with polymer matrix to 

make hybrid membranes which may potentially be used in proton-exchange membrane fuel cells or 

other energy conversion devices. 
 

Possible Collaborations: Sayaka Uchida, Masahiro Sadakane, Carsten Streb, Ryo Tsunashima  

Reference:  
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Research keywords: (polyoxometalates, theoretical design, DFT study) 

 

The research activity deals with the application of quantum chemistry computational methods to study 

the properties and chemical reactivity of polyoxometalates (POMs), and solve chemical problems in 

close collaboration with experimentalists. Currently, the catalytic mechanisms on water oxidation and 

carbon dioxide reduction reaction by POMs were explored by using density functional theory (DFT) 

methods. The catalytic activity of POMs and the reaction pathway were analyzed and further catalyst 

designs are expected based on the relationship between structures and properties.   
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catalysis) 

 

Electrocatalysis and photocatalysis are considered to be one of the most important 
and promising technologies for new energy conversion, storage and environmental 
restoration. The development of high performance catalysts and the study of its catalytic 
processes and mechanisms are currently hot and challenging topics. Polyoxometalates 
are one kind of nano metal-oxygen clusters with clear structure and tunable composition. 
It is an ideal molecular catalytic model and pre-assembly platform. We selected it to 
design and fabricate a series of highly efficient non-precious metal HER electrocatalysts 
CoMoP@C and Ni/WC/C from the atomic or molecular level. In addition, using the 
reversible multi-electrons and protons storage characteristics of POMs, we realized the 
regulation of the electron transfer of CO2 reduction reaction on electrode, and prepared 
a series of POMs-based environment photocatalysts. These works has verified the 
important potential application prospects of polyoxometalates in the field of energy and 
environmental catalysis, and provided an important reference for the development of 
new POMs-based functional materials.  
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Research keywords: (polyoxometalates, polyoxovanadate-based metal–organic polyhedra, 

Supramolecular cage) 

 

Polyoxometalte-based nanoscale supramolecular cages are great challenges in the field 

of polyoxometalates. We designed and synthesised a series of polyoxometalate-based proton 
conducting materials. We designed and synthesised a series of polyoxometalate-based 
molecular cage with tetrahedral, octahedral and icosahedral symmetry based on 
polyoxovanadate-based molecular building blocks. The structures are characterized by single 
crystal X-ray diffraction, PXRD, FT-IR, TG，ESI-Ms, SEM，TEM and etc. These molecular 

cages can serve as host frameworks for guests as large as fullerene C60.  
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Research keywords: (polyoxometalates, solar cells, photoelectric property) 

 

Dye-sensitized solar cells (DSSCs) is the third-generation photovoltaic cells 
developed by Grätzel and O’Regan. It has the characteristics of low cost, simple 
manufacture process, tunable optical properties, and higher photoelectric conversion 
efficiency (PCE). With an ever increasing energy crisis, there is an urgent need to develop 
high efficient, environmentally benign, and energy-saving cell materials. 
Polyoxometalates (POMs), as a kind of molecular inorganic quasi-semiconductors, are 
promising candidates being used in different parts of DSSCs due to their excellent 
photosensitivity, redox, and catalytic properties, as well as relative stability. We try to 
design and synthesis of serials of new POM compounds, which can be used to enhance 
the photoelectric conversion efficiency of DSSCs. The properties of POMs, namely, 
electron acceptor, photosensitivity, redox and catalysis can be efficiently applied in 
DSSCs. 
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Research keywords: Polyoxometalates; Composites; Energy Sonversion/Storage; Batteries; 
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Our research is centred on developing new molecular polyoxometalate-based systems to address grand 

societal challenges. Our current main focus points are energy technologies and sustainability, 

particularly solar water splitting[1–3] and new battery technologies.[4,5] In addition, we develop 

solutions for current challenges such as corrosion protection[6,7] and water purification.[8] The unifying 

theme is our ambition to bridge the gap between molecular component design and technological 

materials development. Therefore, our group has built expertise in molecular and materials design, 

photo- and electrochemistry, catalysis and chemical engineering.  

To develop our materials further, we are interested in finding collaboration partners in the fields of 

materials characterization and simulation, in operando performance characterization as well as new 

materials design based on functional heterogeneous systems. 
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Research keywords: (Photocatalysis, Artificial Photosynthesis, Water Splitting, Photodynamic 

Therapy, DSSC’s) 

 

We focus our research activities on light driven reactions catalyzed by molecular species. Within this 

area we work on light driven water splitting, light driven synthesis of NADH and analogoues, 

photocatalytic CO2 reduction and application of metal complexes inside living cells for photodynamic 

therapy.[1-4] The central competence of our research group lies in the ability to synthesize tailored 

photoredoxactive metal complexes of Ruthenium, Osmium, Rhenium and Iridium which we can 

characterize with respect to the photochemical and redoxchemical properties in great detail.  

To develop our abilities further, we would be interested in structurally versatile POM architectures 

with redox active components which could be photochemically activated towards changes in structures 

or other relevant properties. We possess the capability to covalently attach photoactive metal 

complexes to POM’s. 
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Research keywords: Chemistry and physics of electronically excited states; Energy 

Conversion/Storage; Photoactive Electrodes for Solar Cells and Photoelectrochemical Cells; 

Photocatalysis; Polyoxometalate-containing molecular dyads and triads; Photoactive drugs 

 

Our group is interested in studying the chemistry and physics of electronically excited states in 

molecules and materials. A particular focus is on light-induced electron transfer reactions,[1,2] which 

are key to photoredox catalysis, e.g. solar water splitting,[3,4] or the function of solar cells.[5] We employ 

a variety of (time-resolved) optical spectroscopic techniques to derive structure-dynamics-function 

relationships for photoactive molecules and materials. Currently, we are developing ultrafast time-

resolved spectroelectrochemistry[6,7] and in-operando femtosecond time-resolved spectroscopy to 

target the excited-state processes in molecular intermediates of complex electron transfer chains. 

We are interested in collaborations in the fields of photoactive photosensitizer-polyoxometalate 

hybrids and functional electrodes for energy conversion and storage to exploit the stimulating 

interactions between materials’ and molecular chemistry and advanced spectroscopic characterization.  
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Sébastien PAUL is Full Professor at Centrale Lille, a generalist engineer school in the North of France, 

where he was the head of the Sciences of the Matter department between 2009 and 2016. After his 

PhD in Chemical Engineering at the University of Technology of Compiègne, France (1996), he was 

hired by Centrale Lille as an Assistant Professor (1998). From 2004 to 2009 he was at the head of the 

Chemical Engineering Department, which then became the Sciences of the Matter Department. In 

2009, he was nominated Associate Professor and in 2011 Full Professor. His research work is carried 

out in the Unité de Catalyse et Chimie du Solide (UCCS - UMR CNRS 8181), France, which 

comprises 300 persons. More particularly he is leading the VAALBIO group (standing for 

VAlorization of the ALkanes and of compounds issued from the BIOmass).  

 

Sébastien PAUL is also the coordinator of the REALCAT platform (‘Advanced High-Throughput 

Technologies Platform for Biorefineries Catalysts Design' ; 9.4 M€; www.realcat.fr) and the French 

head of the CNRS French-Japanese International Associate Lab NANOXCAT (2018-2022).  

 

He has supervised or co-supervised 18 PhD, 17 post-docs, is co-author of more than 80 scientific 

articles (hindex =22 – more than 2000 citations), 18 patents, and more than 80 oral communications. 

He has also co-founded the start-up company TEAMCAT SOLUTIONS in 2015. 

 

He is involved in the development of a large variety of catalytic processes (hydrogenation, oxidation 

dehydration…) starting from compounds issued from biomass (like glycerol, furfural, sugars, fatty 

acids, etc.) or light hydrocarbons such as propylene. This research is carried out in the frame of many 

academic and industrial collaborations.  
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Research keywords: 

Organic-inorganic hybrids based on polyoxometalates, artificial photosynthesis, molecular electronics 

& photonics, inorganic supramolecular chemistry 

 

My research interests are focused on the design of tailor-made polyoxometalate hybrids for different 

scopes of application, including artificial photosynthesis.1-2 I am indeed running a long-term project 

aiming at elaborating photoactive POM-based hybrids able to perform photocumulative electron 

transfer.3-4 Among the hybrids developed, POM-cyclometalated Ir hybrids displayed remarkable 

photophysical properties.5-6 The  lifetimes 

of the charge-separated states (ranging from 

ns to  hundreds of ns at room temperature) 

are the longest reported  for covalently 

bonded photosensitized POMs.  Charge 

photo accumulation and hydrogen photo 

production was also achieved under steady 

state photolysis conditions, which makes it a 

unique system reproducing the different steps 

of the photosystem (light absorption, charge 

separation, charge accumulation and multi-

electron catalysis). 

More recently, I developed a POM-bodipy system.7 The interest of these compounds lies in the 

absence of noble metals at in the photoactive antenna as well as in the possibility of subsequently 

grafting ancillary groups on the organic chromophore in order to develop molecular photocathodes. 

The photophysical properties of a POM-bodipy compound (studied in collaboration with the group of 

Dr. Elizabeth Gibson at Newcatle University) showed very rapid electronic injection of bodipy to 

POM (of the order of 50ps) in agreement with those desired for the development of molecular 



photocathodes. I also expanded my research interest to POM-based supramolecular assemblies8-9 and 

shifted my research topics from covalent functionalization of discrete POMs towards their 

nanostructuration and integration into functional molecular functional devices. 
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 In my career, I have been interested in many aspects of the chemistry of polyometalates 

(POMs), the use of (multi)-vacant structures as all-inorganic ligands towards extra transition metal 

cations or organometallic complexes, for application in catalysis (N- and C-atom transfers, recently 

CO2 reduction [1-2]) or molecular magnetism.[3] I have also a special interest in POM-redox 

properties and the study of related mixed valence species. Finally, I have devoted much efforts to the 

thorough investigation of POMs functionalization and post-functionalization to form modular and 

transferable organic-inorganic hybrids.[4-6] My projects are now focusing on POMs as 

unconventional 

electro-active 

molecules to be 

integrated in 

functional 2D 

molecular materials 

as tunable redox 

mediators or charge storage nodes. More 

precisely, for some years I have been studying 

the controlled deposition of POMs onto 

electrodes and I am targeting two fields of 

applications: modified electrodes for non-

volatile multi-level digital molecular memories 

(data storage) and photo-cathodes for artificial 

photosynthesis. 
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Glycerol conversion  

One of the most promising valorization ways for glycerol consists on its dehydration to 

acrolein.1,2,3 Acrolein is used as an intermediate for the synthesis of DL-methionine as well as for 

polyacrylate-based polymers. Glycerol dehydration to acrolein can proceed over various solid acid 

catalysts, such as zeolites, supported inorganic acids or mixed metal oxides (i.e., WO3). The main 

drawback of acid catalysis is the deactivation by coking. This issue can be tackled from two strategic 

angles, either by optimizing the catalysts or from the process side. Concerning the optimization of the 

catalysts, the crucial parameters are pore diffusion and acid strength. It is well agreed in the literature 

that medium acid sites and rather large pores are favorable for increased long-term stability. Hence, 

we focused on silica-supported silicotungstic acid (STA) and optimized the catalytic long-term 

stability by i) choosing SBA-15 as a support with a tailor-made pore-size of 8 nm and ii) introducing 

zirconia nanoparticles in SBA-15 in order to moderate the acid-strength of the subsequently supported 

STA by modulated electronic interactions.4 These tailor-made properties resulted in outstanding long-

term performances with an acrolein yield of 69 % after 24 h with only slight deactivation (initial yield 

of 74 %) vs. only 24 % for the ZrO2-free catalyst. 

 Furthermore, the regeneration of the SBA-15-supported catalytic systems was studied, by 

burning the carbonaceous species in oxidative atmosphere.5 Over STA/SBA-15, the regeneration 

under air led to a significant loss in acrolein yield (30 %) due to the thermal destruction of STA. On 

the other hand, the catalyst based on zirconia-grafted silica fully recovered its performances due to an 

increased thermal stability of the active phase, which was ascribed to the strong electronic interaction 

between STA and zirconia. This specific interaction was also responsible for the slight decrease in the 

acid strength of the supported STA, just sufficient to avoid coking while still enabling the realization 

of the glycerol double dehydration reaction. Finally, the cyclic regeneration of the catalysts was 

performed using periodical switching between a glycerol feed and an air feed with 10 minutes for each 
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cycle. Surprisingly, the catalyst based on zirconia-grafted silica exhibited poor performances (35 % 

acrolein yield) whereas the catalyst based on bare silica exhibited high and stable performances (74 % 

yield in acrolein). These results can be understood considering the initial performance of these two 

catalysts. In fact, while the zirconia-grafted catalyst exhibited outstanding long-term performance, it 

requires an activation period of about 1 h. In the beginning (0-1 h), the zirconia-grafted catalyst 

exhibits a poor selectivity to acrolein of no more than 38 %, against 79 % for the catalyst based on 

bare silica. This type of activation period is well reported for Lewis acid catalysts in the dehydration 

of glycerol.6 In fact, Lewis acid sites present on the fraction of zirconia that is not covered by STA 

first catalyze the selective formation of acetol. Thereby, pseudo-Brønsted sites are formed by 

hydroxylation, which can then catalyze the selective dehydration to acrolein. As a conclusion, whereas 

the zirconia-grafted catalyst was adapted to long runs due to a slowed down deactivation and a high 

thermal stability, the catalyst based on bare silica was adapted to short run/regeneration. 

With respect to the possibility of using the catalyst based on bare silica in short reaction / regeneration 

cycles, we then focused on the process. As aforementioned, the problem of catalyst deactivation can 

also be tackled from the process side, meaning, i.e., the use of a moving bed reactor or a fluidized bed 

reactor. Hereby, we focused on a fluidized bed enabling – at the same time – the reaction and the 

regeneration in the same reaction vessel. The corresponding concept is referred as the two zones 

fluidized bed reactor (TZFBR).7 The catalyst is fluidized by means of a pre-heated fluidizing gas 

(nitrogen or air). Inside the fluidized bed, glycerol can be introduced via a distributor located at the 

end of a plunging cane. Since glycerol is dragged with the fluidizing gas, the catalytic bed contains 

two zones. The zone over the glycerol injector is referred as the reaction zone, where the glycerol is 

catalytically converted to acrolein, and the zone lower than the glycerol distributor is used as a 

regeneration zone. In this latter part, the deposited carbonaceous species are oxidized with the oxygen 

co-injected with the carrier gas. With respect to the high cross-mixing of the catalyst in the fluidized 

bed, the as-regenerated catalyst is constantly exchanged with the catalyst from the reaction zone, 

allowing thus continuous and efficient regeneration. 

The drastic increase in catalyst lifetime motivated us studying the use of “green” acrolein from 

glycerol dehydration in cascade reactions, and, especially in the ammoxydation of acrolein to 

acrylonitrile. The synthesis of acrylonitrile from glycerol can proceed either via a direct or an indirect 

pathway, whereby in the latter case, two independent coupled reactors (tandem reactor concept) must 

be employed. Although the direct ammoxidation of glycerol appears as advantageous since it requires 

only one reactor and one catalyst, the subject is discussed controversially in the literature.8 Thus, we 

focunsed We focused on the indirect ammoxidation of glycerol using tungsten oxide on titania as a 

catalyst for the dehydration of glycerol to acrolein and antimony-iron mixed oxide as a catalyst for the 

ammoxidation of acrolein to acrylonitrile.9 After optimization of the reaction conditions, a high and 

stable yield of 40 % was achieved.10 Surprisingly, this yield in acrylonitrile using the tandem reactor 



setup was even higher than that theoretically predicted from the performances of the two reactions 

taken independently (40 % vs. 28 %), suggesting that byproducts from the glycerol dehydration step 

were also ammoxidized to acrylonitrile. An enlarged study indeed revealed that notably allyl alcohol 

can give a yield in acrylonitrile as high as 84 % over the antimony-iron oxide catalyst.11 These results 

are very promising when considering allyl alcohol as a new platform molecule, which can be actually 

derived from glycerol in high yields using DODH reaction over a Re-based catalyst with 2-hexanol as 

H-donor.12 
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Ruthenium containing POM. We investigate methods to prepare mono-Ru substituted 

heteropolytungstates such as [XW11O39Ru(H2O)]n- (X = P, Si, or Ge) and α1- or α2-

[P2W17O39Ru(H2O)]7-, and their derivatives [1]. These show multi-electron redox properties and are 

active oxidation catalysts for several reaction including water oxidation. 

Preyssler-type POM. We found that acid property of Preyssler-type heteropolyacid, H15-

n[P5W30O110Mn+] is higher than that of Keggin-type phosphotungstic acid. We investigate synthesis 

of new Preyssler-type derivatives [2]. 

ε-Keggin based metal oxide. We are interested in synthesis of porous all inorganic molybdenum 

oxides by connecting epsilon-Keggin heteropolymolybdate and application as adsorption materials 

and catalysts [3]. 

High-resolution ESI-MS. We use high-resolution ESI-MS with an accuracy of 3 ppm [1,2,4]. We can 

measure your samples. 
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We are interested in the intermolecular interactions involving polyoxometalates.  Main topics include 

(i) solid-state and solution structures of hydrogen-bond assisted polyoxometalate aggregates, (ii) 

crystal design of nano-scale polyoxometalates, and (iii) design of molecular composites consisting of 

polyoxometalates and silver ethynide clusters. 

(i) Hydrogen-bond assisted polyoxometalate aggregates:  We showed that protonated decavanadates, 

HnV10O28(6–n)–, exhibit cation- and solvent-dependent various hydrogen-bonding aggregates in 

crystals [1] and such aggregates are transferred into the solution phase [2].  Multinuclear NMR and 

small angle X-ray scattering (SAXS) demonstrated that hydrogen-bonded oligomer formations are 

reversible and depends on the nature of the solvents. 

(ii) Crystal design of nano-scale polyoxometalates:  Controlled crystallization of wheel-type and 

spherical nano-scale polyoxometalates allowed us to reveal their nuclearity growth and crystallization 

mechanisms [3] and to construct crystals with huge water channel with the diameter of 3 nm [4].  

Analyses of these structures were made possible by the synchrotron X-ray diffraction. 

(iii) Design of molecular composites:  We are extending our study to the intermolecular interactions 

of polyoxometalates with other kinds of cluster compounds.  With the combination of silver ethynide 

clusters, we have demonstrated that the molecular composites can rationally designed by controlling 

the structures of the polyoxometalates [5, 6]. 

 

Possible collaborations 

We can offer our state-of-the art synchrotron single-crystal X-ray diffraction experiences.  Also, any 

collaborations using our compounds are welcome. 
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My research is to synthesize new compounds containing polyoxometalate and to 

explore their photofunctional materials having unique photophysical properties and 
photochemical reactions. We recently reported the photocatalytic hydrogen evolution 
mechanism using a polyoxometalate—silver ethynide composite cluster, 
[{Ag12(C≡CtBu)7(H2O)(NMP)3}2{Ni4(NMP)2(PW9O34)2}] (NMP = N-methyl-2-
pyrrolidone), in the presence of a photoredox catalyst and a reductant. The photocatalytic 
reaction was achieved that H2 production increases with time after exposure to visible 
light and 4.6 µmol H2 was obtained after 3 h of irradiation. This was higher than that of 
[Ni4(H2O)(PW9O34)2]10- or Ag+ as the hydrogen evolution catalyst. The color of solution 
containing the composite cluster changed from yellow to reddish brown which derived 
from the plasmonic absorption of Ag(0) nanoparticles. UV-vis, IR, SEM/EDX, and 
Powder X-ray diffraction of the sample after photoirradiation revealed that the composite 
cluster was reduced to the compound comprising Ag(0) nanoparticles and 
polyoxometalates by the one electron reduced species of the Ir complex (Figure 1). The 
polyoxometalate-Ag(0) nanoparticles efficiently drives the H2 production reaction as the 
catalyst. In the future, we plan to develop the photofunctional polyoxometalate materials. 

I have technics for research concerning X-ray structure analysis and photochemistry 
except for synthesis of polyoxometalates, so it is possible to collaborate from this point 
of view. 
 
 

 

 

 

 

 

 

 

 Figure 1 The schematic illustration of photocatalytic hydrogen evolution reaction. 
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Syntheses and crystal structures of composite clusters comprising Weakley-type 

polyoxometalate and silver(I) ethynide complexes 
 
We prepared a series of composite clusters (Ag-MPOM) comprising sandwich-type 
polyoxometalates ([M4(H2O)2(PW9O34)2]10- M = MnII, CoII, NiII, CuII, ZnII) and silver 
ethynide complexes. These compounds were obtained as crystals which were precipitated 
from N-methyl-2-pyrrolidone solutions containing [M4(H2O)2(PW9O34)2]10-, AgC≡CtBu, 
and CF3SO3Ag. Single-crystal X-ray structure analyses revealed that composite clusters, 
[{Ag12(C≡CtBu)7(C5H9NO)3}2{M4(C5H9NO)2(PW9O34)2}] (Figure 1), consist of two 
[Ag12(C≡CtBu)7(C5H9NO)3]5+ and one [M4(C5H9NO)2(PW9O34)2]10-. These composite 
clusters have the same molecular structure, and as the result, their obtained crystals were 
the same crystalline form. Different crystalline form of the composite cluster comprising 
Ag(I) ethynide complexes and polyoxometalate also appeared as the impurity. It is 
difficult to isolate only the desired compounds, because these composite clusters also give 
different crystalline. However, the problem was resolved by adding a crystal of the same 
crystalline and it was obtained the desired crystalline compounds. We successfully 
obtained, isolated and characterized the composite clusters comprising Weakley-type 
polyoxometalate and silver(I) ethynide complexes. 
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Figure 1. Structure of the polyoxometalate-silver(I) ethynide composite cluster.  
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Transition Metal substituted Polyoxometalate as an Effective Shuttle Redox 
Mediator in Z-scheme Water Splitting into H2 and O2 under Visible Light 
 

Water splitting systems based on two-step photoexcitation, so-called Z-scheme systems, have recently 

been developed and proven as a promising approach to harvesting a wider range of visible light,1,2 

because the water splitting reaction is separated into two parts, i.e., H2- and O2-evolving systems. 

Although the introduction of Z-scheme systems enables us to employ various visible-light responsive 

photocatalysts, the choice of redox has been limited to simple ion couples such as IO3–/I– and Fe3+/Fe2+. 

This is mainly due to the problems with mismatching redox potentials and/or irreversibility presented 

by other materials. Therefore the suitable properties of redox couple for Z-scheme water splitting is 

still unclear in this research field, and also the development of new redox couples is strongly desired 

in order to widen the available choice of Z-scheme photocatalyst materials and achieve highly efficient 

water splitting under visible light. Here, we have paid attention to the use of transition metal-

substituted-polyoxometalates,3 most of which are known to exhibit reversible redox behavior derived 

from valence differences between the incorporated transition metals, as effective shuttle redox 

mediators. We have recently reported a new Z-scheme water splitting system using a polyoxometalate 

as a redox mediator; the use of a Mn-substituted silicotungstate or Mo-substituted one 

(K6[SiW11O39MnII(H2O)] or K4[SiW11O40MoVI]) with appropriate photocatalysts enabled a 

stoichiometric evolution of H2 and O2 under visible light.4, 5  

In the present study, various kinds of metal substituted polyoxometalate will be prepared and 

employed as redox mediator between the two photocatalysts in order to obtain the knowledge toward 

the preparation of redox mediator with suitable properties for efficient Z-scheme water splitting. 
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Synthesis of high dimensionally structured mixed metal oxide by an assembly of 
structural units from giant polyoxometalate 
 

 Heterogeneous catalytic selective oxidation of hydrocarbons is an attractive 
reaction since the reaction produces valuable chemicals such as alcohols, aldehydes, acids, 
etc. Recently, the selective catalytic oxidation of light alkanes has attracted much 
attention due to the shale gas revolution and to the concern about petroleum. However, 
success in the reactions has been limited so far despite tremendous efforts. This is due to 
the difficulty of the catalytic selective oxidations since multiple catalytic functions, such 
as an adsorption and desorption properties of substrates and products (acid-base property), 
an activation property of substrate and oxygen (redox property), etc, are required to 
achieve the reaction. It appears that the following two functions have to be implemented 
into the solid-state oxidation catalysts; (1) special catalysis field effective for capturing 
and activating substrates, and (2) active site isolation effective for generating active 
oxygen species from molecular oxygen and for limiting the reaction between the activated 
substrates and the oxygen species to a desired reaction direction. The catalyst having the 
above two functions should be ideal, but it is difficult to synthesize such the catalyst. For 
synthesizing such the catalyst, a material synthetic methodology should be developed to 
introduce the above functions in a crystal structure in a designable manner. It is noted that 
the desired materials will be inevitably complex and be a high dimensionally structured. 
Here, the presenter introduced the ideas to create new class of solid state catalysts active 
for selective oxidations. The catalysts are created based on the assembly of structural 
units provided by specific polyoxometalates and forms high dimensional structure 
containing multiple catalytic sites.  
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Host-Guest Chemistry of Dodecavanadate 
 

Vanadium-based polyoxometalates show structural versatility. Especially, square pyramidal 

VO5-based polyoxometalates tend to form a spherical-type structure that allows guest anions to be 

accepted at the center. A particularly intriguing example is that of a bowl-type polyoxometate 

framework, [V12O32]4− (V12), which possesses a 4.4 Å wide cavity entrance surrounded by eight 

oxygen atoms. In the cavity, an electron-rich group or an anion can be stabilized via unique 

electrostatic interactions.[1] By removing a guest moiety, a guest free type of V12 (V12-free) with a 

bottom-flipped bowl structure was prepared. [2] The prohibition of the guest-removal was demonstrated 

with a chloride-incorporated V12 (V12(Cl)). By adding acid and base, the reversible structure 

transformation of V12(Cl) with opened form and closed form. The incorporated chloride was 

preserved in the closed form even in the presence of a silver cation, while the chloride in opened form 

was removed as AgCl.[3] 

Our group is good at synthesis of novel POMs, structure transformation, rational 

modification of POMs and their characterization. We can offer several kinds of POMs and can 

collaborate on the adsorption IR measurements, the single crystal and powder XRD analysis, and the 

catalyst activity evaluation. 

 

Reference. [1] (a) S. Kuwajima, Y. Ikinobu, D. Watanabe, Y. Kikukawa, Y. Hayashi, A. Yagasaki, ACS 

Omega, 2017, 2, 268. (b) S. Kuwajima, Y. Kikukawa, Y. Hayashi, Chem. Asian J., 2017, 12, 1909. [2] 

(a) Y. Kikukawa, K. Seto, S. Uchida, S. Kuwajima, Y. Hayashi, Angew. Chem. Int. Ed. 2018, 57, 16051. 

(b) Y. Kikukawa, H. Kitajima, Y. Hayashi, Dalton Trans. 2019, 48, 7138. (a) Y. Inoue, Y. Kikukawa, 

S. Kuwajima, Y. Hayashi, Dalton Trans., 2016, 45, 7563. (b) S. Kuwajima, Y. Arai, H. Kitajima, Y. 

Kikukawa, Y. Hayashi, Acta Crystallogr. 2018, C74, 1295. 



 

Kazuya Yamaguchi 

 

Professor, Department of Applied Chemistry, 

 School of Engineering, The University of Tokyo 

 

kyama@appchem.t.u-tokyo.ac.jp 

http://park.itc.u-tokyo.ac.jp/mizuno/english/index.html 

 

 

Kosuke Suzuki 

 

Associate Professor, Department of Applied Chemistry, 

 School of Engineering, The University of Tokyo 

 

ksuzuki@appchem.t.u-tokyo.ac.jp 

http://park.itc.u-tokyo.ac.jp/mizuno/english/index.html 

 

 

Tomohiro Yabe 

 

Research Associate, Department of Applied Chemistry, 

 School of Engineering, The University of Tokyo 

 

tyabe@appchem.t.u-tokyo.ac.jp 

http://park.itc.u-tokyo.ac.jp/mizuno/english/index.html 
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Photocatalysis, Oxidation Reaction, Magnetism 

 

Abstract 

In order to realize highly efficient, selective, and energy-saving chemical reactions, it is necessary to 

develop next-generation catalyst technology that can design structures and functions at the atomic 

level. Polyoxometalates (POMs) are molecular metal oxide clusters that exhibit various physical 

properties, such as magnetism, dielectric properties, electrical conductivity, optical properties, and 

catalytic properties. We have developed the precise synthesis method of POMs in organic solvents 

(Fig. 1). In particular, we didn’t utilized lacunary POMs as simple “templates” but utilized them in 

concert with the introduced metal atoms, and we explored new methodologies in the design of POMs 

catalysts, including the development of visible-light-responsive photoredox catalysis and highly 

efficient concerted catalysis.1–5 We are also studying on heterogeneous POM catalysts for gas-phase 

reactions of hydrocarbons. 

 

Precise synthesis of POMs: We have developed the precise synthesis method of POMs by controlling 

the reactivity of lacunary POMs by changing the protonation state and/or using protecting groups, 

such as alcohol and pyridine, in organic solvents. We synthesized metal oxide nanoclusters by 

introducing various transition metals, main group elements, and rare earth metals in one step into the 

lacunary POMs.3 We also succeeded in developing a new synthesis method to introduce different 

metals sequentially in the controlled metal arrangement.4 In particular, by controlling the magnetic 

anisotropy and spin states of metal oxide nanoclusters, we have developed materials exhibiting 

excellent single ion magnet properties and single molecule magnet properties. 

 

Fig. 1 Development of the precise synthesis method of POMs for functional materials and catalysis. 



Development of high-performance POM catalysis: Based on our synthetic methods, we developed 

a high-performance POM catalysis for various liquid phase reactions. For example, we developed 

visible-light-responsive redox catalysis for functional group transformations by controlling the 

electronic states of POMs using the introduced metal atoms and organic substrates (Fig. 2).5  

 

Fig. 2 Visible-light-responsive POM photocatalysis for selective functional group transformations. 

 

Possible collaborations:  

• Liquid-phase (photo)catalytic reactions 

• Gas-phase catalytic reactions for conversion of hydrocarbons 

• Synthesis of various polyoxotungstates and polyoxomolybdates 

• Synthesis of solid catalysts based on polyoxometalates 

 

References: 
1. Suzuki, K.; Mizuno, N.; Yamaguchi, K. ACS Catal. 2018, 8, 10809 (review article of POM 

photocatalysis). 
2. (a) Li, C.; Mizuno, N.; Yamaguchi, K.; Suzuki, K. J. Am. Chem. Soc. 2019, 141, 7687. (b) Minato, 

T.; Suzuki, K.; Yamaguchi, K.; Mizuno, N. Angew. Chem. Int. Ed. 2016, 55, 9630. 
3. (a) Suzuki, K.; Sato, R.; Mizuno, N. Chem. Sci. 2013, 4, 596. (b) Suzuki, K.; Kikukawa, Y.; Uchida, 

S.; Tokoro, H.; Imoto, K.; Ohkoshi, S.; Mizuno, N. Angew. Chem. Int. Ed. 2012, 51, 1597. (c) 
Kikukawa, Y.; Suzuki, K.; Sugawa, M.; Hirano, T.; Kamata, K.; Yamaguchi, K.; Mizuno, N. Angew. 
Chem. Int. Ed. 2012, 51, 3686. 

4. (a) Minato, T.; Ohata, Y.; Ishii, K.; Yamaguchi, K.; Mizuno, N.; Suzuki, K. J. Mater. Chem. C 2019, 
in press. (b) Minato, T.; Suzuki, K.; Ohata, Y.; Yamaguchi, K.; Mizuno, N. Chem. Commun. 2017, 
53, 7533.  

5. (a) Li, C.; Suzuki, K.; Mizuno, N.; Yamaguchi, K. Chem. Commun. 2018, 54, 7127. (b) Suzuki, K.; 
Jeong, J.; Yamaguchi, K.; Mizuno, N. Chem. Asian J. 2015, 10, 144. (c) Suzuki, K.; Tang, F.; 
Kikukawa, Y.; Yamaguchi, K.; Mizuno, N. Angew. Chem. Int. Ed. 2014, 53, 5356. 
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Research keywords: All inorganic microporous materials, Building units, Transition metals, Selective 

oxidations 

 

 We have been 

synthesizing microporous 

materials with all inorganic 

manner using transition metals 

as main constituents and 

developing them for various 

applications such as catalysts, 

selective adsorptions, cathode 

material for lithium ion battery, 

etc. For the synthesis of these 

materials, we create various 

polyoxometalates (POMs) in 

the precursor solution using 

various transition metals. These 

POMs are as sembled for each other with appropriate inorganic linker under an appropriate 

hydrothermal condition to form highly organized crystalline materials. Thus obtained materials form 

micropores in the crystal structure like as zeolites and show attractive properties based on its highly 

organized crystalline structure and the redox natures.  

 Possible collaborations 

Selective oxidation, adsorption 

 Reference. [1] Ishikawa, S.; Zhang, Z.; Ueda, W. ACS Catal. 2018, 8, 2935-2943. [2] Zhang, Z.; 

Ueda, W, et al. Nat. Commn. 2018, 6, 7731. 

Figure. Four distinct metal oxides with 3D porous structures 

derived from discrete unit assembling. a) – d) are structure 

models and HAADF-STEM 
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Research keywords: Hydrogen, Hydrogen storage, Hydrogen production, Material conversion, Oxide 

 

Our research group focus on material conversion techniques such as hydrogen production, hydrogen 

storage, and nitride synthesis by chemical reactions using light elements such as lithium (Li), sodium 

(Na), and magnesium (Mg). To understand essential properties of the above materials, all the synthesis 

and analyses process can be performed without exposing materials into air by using glove box and 

special experimental systems. The representative works are introduced below. 

Magnesium hydride (MgH2) is attractive hydrogen storage material because of its high 
gravimetric hydrogenation capacity, 7.6 wt.%. However, the improvement of reaction kinetics for 
hydrogen absorption and desorption required. To operate the reactions, higher temperature than 

300 °C is generally required as thermal activation. Niobium oxide (Nb2O5) is an excellent catalyst 
to drastically improve the reaction kinetics of Mg1, 2). However, the detailed mechanism is not 
understood yet. Recently, research on the catalytic mechanism of functional oxides such as Nb2O5 
proceeds as collaboration work in “Center for Functional Nano Oxide” in Hiroshima University, 
and novel knowledges are obtained. 
In addition to the above research, thermochemical hydrogen production via chemical reactions based 

on redox reactions of sodium (Na/NaOx)3) and nitride synthesis by pseudo catalytic process based on 

the reactions of lithium (Li) alloys4). 

 

Reference 

[1] N. Hanada, T. Ichikawa, S. Hino and H. Fujii, Remarkable improvement of hydrogen sorption 
kinetics in magnesium catalyzed with Nb2O5, J. Alloys Compd. 420, 46-49, 2006. 

[2] T. Kimura, H. Miyaoka, T. Ichikawa and Y. Kojima, Hydrogen absorption of catalyzed 
magnesium below room temperature, Int. J. Hydrogen Energy 38, 13728-13733, 2013. 

[3] H. Miyaoka, T. Ichikawa, N. Nakamura and Y. Kojima, Low-temperature water-splitting by 
sodium redox reaction, Int. J. Hydrogen Energy 37, 17709-17714, 2012. 

[4] S. Yamaguchi, T. Ichikawa, Y. Wang, Y. Nakagawa, S. Isobe, Y. Kojima and H. Miyaoka, 
Nitrogen Dissociation via Reaction with Lithium Alloys, ACS Omega 2, 1081-1088, 2017. 
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Research keywords: Heteropolyacid catalysts, Oxidation, Methyl methacrylate, Industrial process 

 

  Heteropolyacids show excellent acidic and redox properties and play a very important role as a 

catalyst even in industrial processes. There are some examples for industrial heteropolyacid catalysts 

such as an oxidation catalyst of methacrolein to methacrylic acid, a hydration catalyst of light olefins 

to corresponding alcohols and a polymerisation catalyst of tetrahydrofuran.1 Mitsubishi Chemical 

Corporation (MCC) has been focusing on the development of heteropolyacid-based oxidation catalysts 

of methacrolein to methacrylic acid in a gas phase for several decades. The catalytic reaction is 

recognised as a part of one of methyl methacrylate (MMA) processes, i.e. C4 Direct Oxidation (C4-

DO) process starting from isobutylene oxidation. The global production capacity of MMA is ca. 4,500 

kte/y and ca. 30% of it is produced by C4-DO process. At the present time, MCC group occupies ca. 

36% of the global capacity and operates MMA business as the leading company. 

  Our aim is to develop the industrial catalyst for methacrolein oxidation based on Keggin-type PMo 

heteropolyacid showing high selectivity and extended catalyst life. The development of highly 

performing catalysts can assure the competitiveness of our C4-DO MMA process. We have also been 

underpinning science of heteropolyacid-based compounds from micro to macro structure by using 

various characterisation techniques. 

 

Reference 

1. M. Misono and N. Nojiri, Appl. Catal. 60 (1990) 1−30 

Figure 1  C4 Direct Oxidation (C4-DO) process for MMA production and its production capacity 
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Research keywords: inorganic-organic; hybrid material; single crystal; surfactant; polyoxometalate 

 

  Hybridization of inorganic and organic components have potential for the construction of 

functionalized crystalline materials.  We can expect synergy of the merits derived from the both 

components, and polyoxometalate cluster anions are promising candidates as inorganic components 

to construct functional hybrid materials.  We have synthesized several polyoxometalate hybrids by 

using structure-directing surfactants to obtain inorganic-organic functional crystals [1].  The 

polyoxometalate-surfactant hybrid crystals enable fine tuning of the structure and function by 

changing the combination of polyoxometalate anion and surfactant cation.  Some of them exhibit 

electronic and proton conductivities [2].  The introduction of metal cations into such hybrid crystals 

can provide functions such as ionic conductivity and ion-exchanging property [3].  Recently, newly 

designed polymerizable ionic-liquids have been successfully hybridized with Keggin-type anions and 

octamolybdates to form inorganic-organic hybrid monomers and polymers [4].  Possible 

collaboration will be to provide our hybrid materials for the evaluation of ionic conductivity, chromic 

property, and redox catalysis.   

 

 
Reference. [1] T. Ito, Crystals, 6, 24 (2016). [2] S. Otobe, Y. Kiyota, S. Magira, T. Misawa, K. Fujio, 

H. Naruke, S. Uchida, T. Ito, Eur. J. Inorg. Chem., 442-447 (2019). [3] J. Kobayashi, T. Misawa, C. 

Umeda, T. Isono, S. Ono, H. Naruke, Y. Okamura, S. Koguchi, M. Higuchi, Y. Nagase, T. Ito, 

CrystEngComm, 21, 629-636 (2019). [4] T. Ito, S. Otobe, T. Oda, T. Kojima, S. Ono, M. Watanabe, Y. 

Kiyota, T. Misawa, S. Koguchi, M. Higuchi, M. Kawano, Y. Nagase, Polymers, 9, 290 (2017). 
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Research keywords: polyoxometalate, rechargeable battery, X-ray absorption fine structure analysis 

 

Development of high-performance rechargeable batteries is 

one of the most important research issues. Recently, to achieve 

both high capacity and fast charging/discharging, we proposed a 

new type of lithium battery, the molecular cluster battery (MCB), 

in which the cathode active materials are polynuclear metal 

complexes. We have used a Keggin-type polyoxometalate (POM) 

cluster, [PMo12O40]3-, as a cathode-active material, and this 

lithium battery showed a large capacity of ca. 270 mAh/g, which 

is higher than those of the usual lithium ion batteries (ca. 150 

mAh/g), due to its super-reduction during discharge process [1]. These results suggested that POMs 

can be promising cathode active materials. 

Herein, we report the performance and reaction mechanism 

of Li batteries using porous polyoxometalate, Mo-V-Bi oxide 

(Mo30.5V9.5Bi1.1O112, see Fig. 1), which has a robust three-

dimensional MoV oxide framework [2]. This battery exhibited 

a large capacity of ca. 376 mA h/g, which was maintained and 

decreased only a little after 40 cycles in a voltage range 

between 4.0 and 1.5 V. They also showed a high rate capability 

(see Fig. 2) indicating an excellent structural stability, 

reversibility, long-term property and very high-speed Li migration during battery reactions. X-ray 

absorption fine structure (XAFS) analyses revealed that more than 70 electrons redox occurred during 

this battery reaction, which can explain the large experimental specific capacity. 

   As mentioned above, we can measure the battery performances of various polyoxometalate 

materials as collaborative works. 

[1] H. Yoshikawa et al, J. Am. Chem. Soc., 2012, 134, 4918. 

[2] H. Yoshikawa et al, ACS Applied Materials & Interfaces, 2017, 9, 26052. 

Figure 1. Structure of  
Mo-V-Bi oxide 

Figure 2. Rate capability of 
Mo-V-Bi oxide 
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Research keywords: molecular oxide, solution chemistry 
 

The focus of our research is on extending the chemistry of molecular oxides.  We call the compounds 

“molecular oxides” and not “polyoxometalates” because the word polyoxometalate indicates the 

compound is anionic and contains metals.  Polyoxometalates have compositions and structures 

reminiscent of oxides.  However, there are potentialy many such compounds that are neither anionic 

nor contain any metallic elements [1].  Octaantimonate, [Sb8O12(OH)20]4−, is one such example that 

has been isolated and structurally characterized in our effort to expand the chemistry of molecular 

oxides [2].  During the course of our study, we have also discovered the tetrahedral tellurate anion, 

TeO42−, and nitroxyl anion, NO− [3, 4].  The TeO42− anion is stable in non-aqueous solutions, although 

people thought Te atom is too large to form a stable tetrahedral oxoanion.  The NO− anion had been 

deemed too reactive to be isolated in the condensed phase.  We still do not have much to report on the 

“cationic front”, but had some minor success there and obtained a mixed valent, tetra-nuclear Pt 

compound [5].  Another branch of our study is the reaction of molecular oxides with small molecules.  

It was during the study of the reaction of [Nb10O28]6− with NO that we unexpectedly obtained 

[Nb20O54]8− [6].  Later, we confirmed this dimerization is reversible and stoichiometric [7].  In the 

study of the reaction of [IMo6O24]5−, we found this anionic molecular oxide undergoes 

protonation/deprotonation reversibly and reacts with methanol with a very selective manner [8].  

Lately, we are interested in the hydrogen-bonded oligomers of molybdoplatinate and just found that 

the [H9(PtMo6O24)2]7− dimer [9] stays intact in solution. 
 Obviously, solution chemistry is our strong point.  We could undertake some joint studies if 

any of the participants are interested in the solution chemistry of their compound. 
 
References. [1]…Baes, C. F., Jr., Mesmer, R. The Hydrolysis of Cations; Wiley: New York, 1976. 
[2]   Nakano, H.; Ozawa, Y.; Yagasaki, A., J. Am. Chem. Soc., 1995, 117, 12007-12008. 
[3]   Konaka, S.; Ozawa, Y.; Yagasaki, A., Inorg. Chem., 2008, 47, 1244-1245. 
[4]   Kawanami, N.; Ozeki, T.; Yagasaki, A., J. Am. Chem. Soc., 2000, 122, 1239-1240. 
[5]   Noro, K.; Ozawa, Y.; Taguchi, M.; Yagasaki, A., Chem. Commun., 2002, 1770-1771. 
[6]   Maekawa, M.; Ozawa, Y.; Yagasaki, A., Inorg. Chem., 2006, 45, 9608-9609. 
[7]   Matsumoto, M.; Ozawa, Y.; Yagasaki, A., Polyhedron, 2010, 29, 2196-2201. 
[8]   Honda, D.; Ikegami, S.; Inoue, T.; Ozeki, T.; Yagasaki, A., Inorg. Chem., 2007, 46, 1464-1470. 
[9]   Ikegami, S.; Kani, K.; Ozeki, T.; Yagasaki, Y., Chem. Commun., 2010, 785-787. 
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Research keywords: Sulfur-centered polyoxometalates; electrochemistry; redox mechanism; sensors 

 

We have tried to prepare novel polyoxometalates (POMs) by using different hetero ions. A lot of 

novel metal-substituted tungstosulphates and organo-phosphates incorporating POMs have been 

prepared, isolated and characterized with various synthetic techniques [1]. We have focused on 

electrochemistry of POMs, which is very rich since many electrons transferred processes occur 

without decomposition. Although many of POMs have been applied to important fields such as battery 

and water splitting based on their electrochemical properties, there are still unclear aspects on the 

voltammetric behavior. We have tried to elucidate the detailed voltammetric behavior with simulation 

of cyclic voltammograms with a help of NMR, ESR and the other measurements [2]. In addition, we 

have been interested in new (electrochemical) sensors with POMs. Formation reaction and reduction 

of POMs have been used for spectrophotometric determination of phosphorus and silica, so called 

molybdenum blue method and molybdenum yellow method [3]. Achievements of our studies on 

POMs improved sensitivity in molybdenum blue method. In addition, electrochemical method of 

antioxidant capacity has been developed to measure more easily than the reported methods: ORAC 

and DPPH [4]. I hope to make new collaborations with anyone who is interested in the development 

of catalytic reactions and sensors with my POMs and/or electrochemistry of your POMs. 

 

References 

[1] (a) Inorg. Chem. Commun., 2013, 38, 123-126; (b) Inorg. Chem., 2014, 53, 4891-4898. 

[2] (a) Dalton Trans., 2010, 39, 7364-7373; (b) Dalton Trans., 2014, 43, 5462-5473; (c) Dalton Trans, 

2015, 44, 11660-11668; (d) J. Electroanal. Chem., 2016, 779, 67-74; (e) Electrochim. Acta, 2016, 201, 

45-56; (f) Inorg. Chem., 2017, 56, 3990-4001; (g)T. Ueda, ChemElectroChem, 2018, 5, 823-838. 

[3] (a) Anal. Sci., 2001, 17, 1431-1435; (b) Anal. Sci., 2011, 27, 1043-1047. 

[4] (a) Anal. Sci., 2016, 32, 825-830; (b) J. Electroanal. Chem., 2018, 828, 102-107. 
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Research keywords: Vanadium, Polyoxovanadates 

 

Research abstract:  The element vanadium has named after the Scandinavian goddness, the god of 

beauty, love and maturity, Vanadis. It is avandant in seawater and important in industry as catalyst, an 

additive to steel and new materials. In chemistry, the solution containing vanadium complexes is 

known to exhibit a spectrum of a beautiful color. This is because of the possible versatile oxidation 

states in vanadium as well as the coordination spheres. Especially, a square-pyramidal five-

coordination mode is particularly important only in vanadium.  Polyoxovanadates, may offer a new 

way to further expand the boundary of coordination chemistry for inorganic complexes featuring a 

part of metal oxide structures. Because of the complexity of the oxides, it is difficult to elucidate the 

structure and property relationships.  Investigating the reactivity and physical properties by 

modifying the oxide structures in a systematic manner is challenging to test the hypothesis of a 

postulated mechanism.  Polyoxovanadates have a molecular structure comparable to vanadium 

oxides and we try to establish the way to control its frameworks for a particular application. 

 

Possible collaboration:  Fundamental chemistry of polyoxovanadates is our focus with the 

classification based on their structural building units and we can offer diverse range of new 

polyoxovanadates almost exclusively from our lab, including the structural types of bowls, tubes, 

spheres, blocks, rings with 3d-transition elements as the heteroatom, in crystal quality. 

 

 

Reference.  
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Research Keywords: Ionic Crystals, Porous Materials, Redox Chemistry, Cation-Exchange and 

Uptake, Proton Conduction, Heterogeneous Catalysis. 

Abstract: We are interested in synthesizing functional porous ionic crystals based on POMs, which 

are different from conventional porous crystalline materials such as zeolites and MOFs. Some of our 

recent works are summarized as follows: I. Redox-active ionic crystals containing redox-active POMs 

as constituents show cooperative migration of electrons with metal ions in the porous structure (so 

called cation-coupled electron-transfer (CCET) in relation to proton-coupled electron-transfer 

(PCET)). We have recently reported selective adsorption of Cs+ from aqueous solutions1,2 and 

formation of small mixed-valence luminescent silver clusters3. II. POMs can efficiently transport 

protons because of the relatively low surface charge density, while application has been limited by the 

low structural stability. In order to solve this problem, POMs are hybridized with polymers especially 

with those containing amine group, which serves as protonation sites. The crystalline hybrids show 

high proton conductivity due to the extended hydrogen-bonding network and segmental motion of the 

polymers.4,5 III. Ionic components create strong electrostatic fields at internal surfaces of the pores, 

which are suitable for accommodation and stabilization of polar guests and cationic intermediates. We 

have reported structure-function relationships in conventional acid-type reactions such as pinacol 

rearrangement6 and biomass-related7 reactions. 

Possible Collaborations: Please provide us with POMs and counter cations, which may show 

interesting properties as components of ionic crystals!! We have experience in characterization of 

solids (elemental analysis, solid state NMR, in situ powder XRD, gas and vapor adsorption studies, 

impedance measurements, catalytic reactions, etc).   

References: I. Redox-active ionic crystals: (1) S. Seino, R. Kawahara, Y. Ogasawara, N. Mizuno, S. 
Uchida, Angew. Chem. Int. Ed., 55, 3987 (2016). (2) S. Hitose, S. Uchida, Inorg. Chem., 57, 4833 
(2018). (3) S. Uchida, T. Okunaga, Y. Harada, S. Magira, Y. Noda, T. Mizuno, T. Tachikawa, 
Nanoscale, 11, 5460 (2019). II. Proton Conduction: (4) T. Iwano, S. Miyazawa, R. Osuga, J. N. 
Kondo, K. Honjo, T. Kitao, T. Uemura, S. Uchida, Communs. Chem., Article number: 9 (2019). (5) K. 
Niinomi, S. Miyazawa, M. Hibino, N. Mizuno, S. Uchida, Inorg. Chem., 56, 15187 (2017). III. 
Heterogeneous Catalysis: (6) R. Kawahara, R. Osuga, J. N. Kondo, N. Mizuno, S. 
Uchida, Dalton Trans., 46, 3105 (2017). (7) T. Yamada, K. Kamata, E. Hayashi, M. Hara, S. Uchida, 
ChemCatChem, in press. DOI: 10.1002/cctc.201900614. 
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Research keywords: X-ray structural analysis, Multinuclear NMR spectroscopy, Electrospray 

ionization mass spectrometry (ESI-MS), Isothermal titration calorimetry (ITC) 

 

Polyoxometalates, characterized by high reactivity and functionality, have attracted considerable 

attention for their application in the fields of catalysis, material science, and medicine. We have 

explored the behavior of polyoxometalate ion in solution with the help of multinuclear NMR 

spectroscopy, electrospray ionization mass spectrometry (ESI-MS), and isothermal titration 

calorimetry (ITC). Our present research interests are development of environmentally friendly 

oxidation catalysis. Now we have many trials to improve their catalytic activity and elucidate their 

process based on solution chemistry. Our recent results related to solution chemistry are as follows: 

Cyclooctene epoxidation catalyzed by vanadium-substituted Lindqvist-type polyoxotungstate:[1] 

Tetrabutylammonium salts of Lindqvist [VW5O19]3- significantly promotes cyclooctene epoxidation 

with H2O2 in CH3CN at 30 °C. The catalytic processes are discussed based on the UV/Vis, ESI-

MS, 51V NMR, and 183W NMR spectra. Analysis of ESI-MS showed that the [VW5O19]3- anion 

retained a Lindqvist-type structure, and the multiple peroxidations occurred at both the V and W sites 

during epoxidation. With the synergistic effects provided by the W(peroxo) sites, the V(peroxo) site 

plays a catalytically active role in both epoxidation and H2O2 decomposition.  

The formation of elliptical {Mo134La10} ring by incorporating La3+ into the inner ring of circler 

{Mo142(CH3CO2)5(C2H5CO2)} ring in aqueous solution:[2] Modification of the Mo-ring from 

circle to ellipsoid was investigated using the ITC and 139La NMR spectrometry coupled with the results 

of X-ray structural analysis of circler {Mo142(CH3CO2)5(C2H5CO2)} ring and elliptical {Mo134La10} 

ring. {Mo142(CH3CO2)5(C2H5CO2)} ring comprised of carboxylate-coordinated {Mo2} linkers and 

six defect pockets in inner ring. Regarding the endothermic reaction of [La3+]/{Mo142}=6/1 with 

∆H=22 kJ•mol-1, ∆S=172 J•K-1•mol-1, and K=9.9×104 M-1 at 293 K, the results of ITC conclude that 



the coordination of the defect pockets to La3+ precedes the replacement of the {Mo2} linkers with La3+. 

Catalytic hydrolysis of Adenosine Triphosphate (ATP) by polyoxomolybdate:[3, 

4] Polyoxomolybdate ion, both of [Mo7O24]3- and [H2MoV12O28(OH)12(MoVIO3)4]6-, show the 

antitumor activity against human gastric cancer and pancreatic cancer. These polyoxomolybdates also 

promote ATP hydrolysis to adenosine diphosphate (ADP). [H2MoV12O28(OH)12(MoVIO3)4]6- is a 

photoreduction product obtained through the photolysis of [Mo7O24]3- at the pH range 5 to 7. The 

processes of ATP hydrolysis catalyzed by these polyoxomolybdates were investigated with 31P NMR 

spectrometry, ESI-MS and ITC. [Mo7O24]3- ion exhibits high catalytic activity at the pH range 2 to 6. 

The resulst of 31P NMR spectra and ITC suggested that ATP was decomposed through the formation 

of the ATP-molybdate complexes isostructural with [(PO4)2Mo5O15]6- and 

[(O3POPO3)Mo6O18(H2O)4]4- as intermediates. The ATP hydrolysis in the presence of 

[H2MoV12O28(OH)12(MoVIO3)4]6- proceeds catalytically at the pH range 5 to 7.5. The 

[H2MoV12O28(OH)12(MoVIO3)4]6- interacts weakly with ATP. The results of ESI-MS measurements 

suggest that ATP hydrolysis proceed retaining structure of [H2MoV12O28(OH)12(MoVIO3)4]6- anion. 

 

Reference 

[1] E. Ishikawa, D. Kihara, Y. Togawa, and C. Ookawa, Eur. J. Inorg. Chem. 2019, 402–409. 

[2] E. Ishikawa, Y. Yano, and T. Yamase, Materials 2010, 3, 64-75. 

[3] E. Ishikawa, and T. Yamase, Eur. J. Inorg. Chem. 2013, 1917–1925. 

[4] E. Ishikawa, and T. Yamase, J. Inorg. Biochem. 2006, 100, 344-350. 

Figure. Two step of the coordination of {Mo142(CH3CO2)5(C2H5CO2)} to La3+ in aqueous solutions. 
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Research keywords: Polymer gel 

 

My Research: The development of novel stimuli-responsive polymer and gel, and their application to 

the novel reaction and separation processes. 

 

Possible collaborations: I can make separation, reaction, and storage field made by hydrogel that 

consists of ionic polymer and aqueous solution. The field gives easy separation method from the liquid 

and optimal reaction conditions to catalysts. I would like to collaborate with those who are looking for 

stable reaction field for POM preparation or reaction.  
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Heteropolyacid-based composites for proton conductors 

Thermally and chemically stable 

phenylsilsesquioxane (PhSiO3/2) particles were 

prepared by sol–gel process, and ultra-thin layers of 

oppositely charged poly(diallyldimethylammonium 

chloride) (PDDA) and dodecatungstophosphoric 

acid (WPA) were alternately deposited on the 

negative-charged PhSiO3/2 particles via layer-by-layer (LbL) assembly technique. Hygroscopic 

property of WPA was remarkably reduced owing to the formation of PDDA/WPA complex. The 

amount of WPA adsorbed on PhSiO3/2 particles was estimated to be ∼  0.03 (g/g PhSiO3/2). 

Transparent and monolithic pellet can be obtained from the resultant core–shell particles by pressing. 

Proton conductivity of WPA-deposited samples increased about 4 orders of magnitude compared with 

unmodified samples, and reached to about 10− 4 S/cm at 80 °C and 80% relative humidity [1]. 

Next, cesium salts of Cs2SO4, Cs2CO3 and CsHSO4 and WPA were mechanically milled to synthesize 

chemically durable WPA composites. The X-ray diffraction patterns of composites suggested the 

formation of partially substituted CsxH3 − xPW12O40 composites after milling at 720 rpm for 10 min. 

Proton conductivities under both humidified and dry conditions of the resultant composites markedly 

improved. The proton conductivities strongly depended on the type of cesium salt. The hydrogen 

bonding distance L in the frame structures of the composites was estimated from the 1H-isotropic 

chemical shift. The proton conductivities in dry conditions of WPA·6H2O and the composites were 

strongly represented to L [2]. 

[1] Y. Daiko, K. Katagiri, K. Shimoike, M. Sakai, A. Matsuda, Solid State Ionics, 178, 621 (2007).  

[2] Y. Daiko, H. Takagi, K. Katagiri, H. Muto, M. Sakai, A. Matsuda, Solid State Ionics, 179, 1174 (2008). 
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Our group focuses on i) synthesis and functionalization of nanoparticle [1,2], ii) synthesis of 

nanostructured particles for energy, environmental, food, and medical applications [3], and (iii) 

resource recovery and recycling [4,5], for building a sustainable society. Regarding (iii), we developed 

a facile method for tungsten ion removal using lysine for the development of an environmentally 

friendly and sustainable recycling technique (Fig. 1). Lysine addition to the tungsten solution achieved 

100% tungsten removal within 5 min, as a white lysine–tungsten precipitate. Electrospray ionization 

mass spectrometry analyses of the tungsten and lysine mixed solutions showed that lysine promoted 

dehydration condensation reactions of anionic tungsten species such as HWO4– and W6O192– through 

the electrostatic interactions between positively charged lysine and negatively charged tungsten ions. 

Calcination of the lysine–tungsten precipitate produced tungsten oxide powder of high purity (99.6%) 

because the lysine is completely decomposed. This facile and useful metal removal method can be 

used for polyoxometalates of other metals such as molybdenum, tantalum, and niobium. 

 

Fig. 1Facile and efficient removal of tungsten anions using lysine-promoted precipitation  

for recycling high-purity tungsten 

https://takashiogi.amebaownd.com/
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Research keywords: zeolite, layered silicate, mesoporous silica, solid-state NMR, ethanol-to-olefin, 

NH3-SCR, photo-catalysis, selective oxidation, epoxidation, KA-oil. 

 

I’m interested in silicon oxide based functional materials such as microporous material zeolite, and its 

related material layered silicates. I’m trying taller-made synthesis of zeolite via nano-meter order 

precursor that can prepared by intentional manner. The synthesis strategy using starting zeolite[1,2] 

and stepwise synthesis gel preparation[3] gave useful physicochemical property of the obtained zeolite 

that cannot be realized by using general synthesis method.  

Frameworks of the layered silicates are similar to the zeolite framework, whereas as the interlayer 

surfaces are covered with silanol groups, the material are easily functionalized by various 

modifications. Recently, I reported the successful syntheses and structural analyses of new layered 

silicates, the Hiroshima University Silicates (HUS-x series).[4-6] 

 The obtained zeolite material revealed the excellent catalytic stability and activity in bio-ethanol to 

light olefin, selective catalytic reduction of NOx with ammonia, and basic acid catalysis reaction.[7] 

In contrast, the layered silicate material modified by various gest unit (such as silane coupling agents, 

metal complexes) were useful catalysts for selective oxidation of hydrocarbon using oxidant [8,9] 

and/or under photo-irradiation [10]. I also measured solid-state (MAS) NMR of variety material. I 

would collaborate by using the NMR skill as well as the synthesis skill of above materials.   

 

Reference. [1] Sonoda, T. et al. J. Mater. Chem. A 3, 857-865, (2015). [2] Takata, T., Tsunoji, N., 

Takamitsu, Y., Sadakane, M. & Sano, T. Microporous Mesoporous Mater. 246, 89-101, (2017). [3] 

Joichi, Y. et al. Cryst. Growth Des. 18, 5652-5662, (2018). [4] Tsunoji, N., Ikeda, T., Ide, Y., Sadakane, 

M. & Sano, T. J. Mater. Chem. 22, 13682-13690, (2012). [5] Tsunoji, N. et al. J. Mater. Chem. A 1, 

9680-9688, (2013). [6] Tsunoji, N., Ikeda, T., Sadakane, M. & Sano, T. J. Mater. Chem. A 2, 3372-

3380, (2014). [7] Kakiuchi, Y. et al. Appl. Catal. A-Gen. 575, 204-213, (2019). [8] Fukuda, M. et al. 

J. Mater. Chem. A 3, 15280-15291, (2015). [9] Tsunoji, N. et al. ChemCatChem 10, 2536-2540, (2018). 

[10] Tsunoji, N. et al. ACS Catal DOI:10.1021/acscatal.9b01284. 
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Over the past decade, our group has focused on the molecular systems relevant to photosynthetic 

molecular devices.1-11 Our targets involve the studies on (i) water oxidation catalysis in order to uptake 

protons and electrons required for fuels generation, (ii) catalytic water or CO2 reduction into 

sustainable fuels (i.e., H2, CO, etc.), (iii) artificial light-harvesting systems towards the effective 

charge separation and/or migration, and so on. In order to develop the more desirable/efficient systems 

in promoting all relevant processes, substantial efforts have been devoted to more carefully study the 

reaction kinetics and equilibria in solution that are relevant to each topic. Various techniques have 

been adopted to better understand the mechanistic aspects relevant to all of our systems. Some of the 

reaction steps of interest are not observable by any experimental techniques, and must be discussed 

on the basis of our DFT results, which also greatly helped us understand the mechanism of reactions. 

Importantly, one of our findings is that, in any catalysis, the reactivity of metal(s) can be rationally 

tuned by use of redox active ligands that are more or less hybridized with metal(s) in their orbitals. 

Such issues are often involved in our discussion. Our studies have provided new aspects on photo-

induced multi-charge separation,5 near-infrared-driven water reduction,4 water oxidation catalysis 

using various transition metal complexes,1,9,11 non-precious metal based water reduction,2,6,10 

photoelectrochemical cells for the overall water splitting,3,7 and cobalt porphyrin CO2 reduction 

catalysis in fully aqueous media.8  



As part of these studies, our group reported that a monocobalt polyoxometalate (Co-POM-Mo) and 

dicobalt (Co2-POM-Mo) polyoxometalates (Figure 1) serves as an efficient homogeneous water 

oxidation catalyst (WOC) in the well-known [Ru(bpy)3]2+/S2O82- photochemical system.1 Under our 

experimental conditions, we found that both Co-POM-Mo and Co2-POM-Mo are capable of 

catalyzing water oxidation, and exhibit greater turnover frequencies and turnover numbers relative to 

the previously reported tetracobalt polytungstate Co4-POM-W ([Co4(H2O)2(PW9O34)2]10-).  

Our very recent studies involve attempts to 

clarify the mechanism of water oxidation by 

the simplest Co POM catalyst, i.e., Co-POM-

Mo.11 Using [RuIII(bpy)3](ClO4)3 as a 

sacrificial oxidant, a reaction of Co-POM-Mo 

and [RuIII(bpy)3]3+ has been observed using the 

stopped-flow technique at various catalyst 

concentrations and different temperatures to 

estimate the activation parameters for this reaction. Importantly, our DFT results are in favor of the 

development of a peroxo-bridged fragment via the O-O bond formation between the Co- and Mo-

bound oxygen atoms upon two-electron oxidation.11 

Possible collaboration: Automatic H2/O2 gas measurement, Low temperature stopped-flow, 

Nanosecond Transient absorption spectroscopy, Picosecond luminescence lifetime measurement, DLS, 

Homogeneous electrocatalysis (TOF and overpotential estimation), Mechanistic investigation based 

on DFT calculations, and so on. 
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Figure 1. Co-POM-Mo and Co2-POM-Mo. 
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We have successfully synthesized a novel type of 

ring-shaped rhenium(I) polymers bridged with 
bidentate phosphorus ligands (Re-ring) by using 
photochemical ligand substitution reactions which 
we have reported previously.  These Re-rings can 
emit at room temperature even in solution, and the 
emission quantum yields are much higher than 
those of the corresponding Re(I) mononuclear 
complexes. The structure of Re-ring with dppe 
(PPh2-CH2-CH2-PPh2) as bridge ligands was 
determined by X-ray crystallographic analysis as 
shown in Fig. 1. It has a ship-flapped structure, and intramolecular interactions were 
observed between the bipyridine ligands and the phenyl groups on the bidentate 
phosphorus ligands. Some Re-rings can work as redox photosensitizers in photocatalytic 
CO2 reduction. For example, The combination of a trinuclear Re-ring photosensitizer 
with fac-[Re(bpy)(CO)3(MeCN)]+ (bpy = 2,2'-bipyridine) as a catalyst photocatalyzed 
CO2 reduction with the highest quantum yield of 82%. 
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Fig. 1. Ring-shaped Re(I) 
tetranuclear complex. 
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  Our research is focused on the basic chemistry of peroxopolyoxometalates.  Our main targets at 

present are: 

1. Peroxovanadates with various heteroatom group(s) such as orthophosphate and linear/circular 

polyphosphates.  Some novel peroxopolyphosphatovanadates were isolated and structurally 

analyzed.  NMR (31P and 51V) investigation on their aqueous behavior is going on. 

2. Peroxoisomolybdates and -tungstates with rare earth atoms.  A series of novel type 

peroxomolybdates and -tungstates with two rare earth (III) atoms were isolated and structurally 

analyzed.  Elucidation of their formation by NMR (95Mo, 183W, 89Y and 139La), and 

measurements of their physical properties are in progress. 

3. Peroxoheteropolymolybdates and -tungstates having linear and circular polyphosphate(s).  Several 

polyanions with diphosphate(s) were obtained and their structures were determined.  The complex 

formation in the aqueous molybdate/tungstate - diphosphate - hydrogen peroxide systems is quite 

complicated, and the investigation is going on mainly by 31P NMR. 

4. Peroxoheteropolymolybdates and -tungstates with (mono)phosphate(s), sulfate(s) or borate(s) as 

heteroatom group(s).  Various anions have been isolated and structurally analyzed.  The aqueous 

reaction systems are also complicated, and elucidation of complex formation in each system is 

attempted by NMR (31P, 11B, 95Mo, 183W and 17O).    

 

  Synthetic and structural studies on peroxoisopolumolybdates/tungstates, and 

peroxoheteropolymolybdates/tungstates with rare earth (III), are also attempted.  In the 

peroxopolyoxometalate reaction systems the (addenda atom)/(hydrogen peroxide) molar ratio is 

essential in addition to usual conditions important for the formation of polyoxometalates.  However, 

as the peroxide is not stable in the reaction system (and changes of other conditions such as pH 

followed by the decomposition of the peroxide) it is difficult to keep all the reaction conditions under 

control.  We often have a problem to get good reproducibility due to this reason, and thus no detailed 

result is given here.  
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Molecular solid and molecule for materials science 

Solids state properties of the molecular solids are main focus of the research project. Dynamic 

behaviors of varieties of molecule (polyoxometalate, organic, inorganic, coordination compound) and 

electrons under the electric field are interested, that includes  

- Electrical conduction; organic semiconductor, charge transfer complex  

- Ionic conduction; electrophoretic migration, solid-state electrolyte  

- Dielectric property; ferroelectrics, pyroelectrics, dipole relaxation, charge polarization.  

In addition, controlling and understanding of sophisticated intermolecular interaction system is 

another interest that includes,  

- Rational synthesis of polyoxometalates,  

- Molecular assembly nanostructure,  

- Chromism; charge transfer, redox,  

A work and interests about POMs are summarized in review paper.[1] Corroboration project is 

welcome to measure dielectric constant, electric conductivity, temperature variable FT-IR/UV-VIS-

NIR spectra, microscope FT-IR.    
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One of my research interests is high-resolution imaging of catalytic materials by (scanning) 

transmission electron microscopy ((S)TEM). (S)TEM is effective in investigating molecular 

arrangement of polyoxometalates, though polyoxometalates are electron beam-sensitive and difficult 

to observe. Defect structures of Keggin-type polyoxometalate crystallites were elucidated by direct 

observation using STEM [1].  

I am also interested in the development of catalytic materials. Keggin-type polyoxometalate 

nanosheets were synthesized and their structures were determined by STEM [2]. 

In addition, I have been collaborating with some research groups in the (S)TEM observation of 

catalytic materials including polyoxometalates, zeolites, supported metal catalysts, and various 

nanomaterials. 

   
STEM images of CsxH4−xSiW12O40 [1] 

  

STEM images of Keggin-type polyoxometalate nanosheets [2] 

 

[1] N. Hiyoshi and Y. Kamiya, Chem. Commun., 2015, 51, 9975-9978. 

[2] N. Hiyoshi, Chem. Commun., 2018, 54, 5217-5220. 
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  The research field is the chemical crystallography. In particular, the chemical reactions in single 

crystal are my research interest. For realizing my target research, the structure analysis of sub-

micrometer size small crystals [1, 2] and the sub-millisecond rapid measurement [3] have been 

developing using the synchrotron radiation of SPring-8. 

 The public beamlines in SPring-8, BL02B1 and BL40XU, are available for the single crystal 

structure analysis of small molecules. I support the beamline users for achievement of their 

experiments as a beamline scientist at both beamlines. 

  In the former collaboration, I have carried out the structure analyses of micro- and sub-micrometer 

sized polyoxometalate and other metal oxide crystals [4-7]. The crystal structure analysis of before 

and after reaction are useful for not only determination of the chemical structure but also elucidation 

of the mechanism of catalysis. I will collaborate with the members who want to analyze the 

crystal/molecular structure of the single crystals which are difficult to measure in the laboratory system. 

Furthermore, the structure analysis and the other experiments using the synchrotron radiation (powder 

XRD, X-ray spectroscopy and so on) will be supported. 
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Nippon Inorganic Colour & Chemical Co.,Ltd. is manufacturer specializing in the 
manufacture and sales of industrial chemicals with focus on high-value-added products 
such as molybdenum and tungsten compounds and heteropoly acid, which are expected 
in further market expansion following the development of the petroleum refining and 
petroleum industry. 
 
Molybdenum Manufactured Product Lines 
  ・Ammonium Molybdate 
  ・Sodium molybdate 
  ・Molybdenum trioxide 
  ・Molybdic acid 
Tungsten Manufactured Product Lines 
  ・Ammonium paratungstate 
  ・Ammonium metatungstate (crystal & aqueous solution type) 
  ・Sodium tungstate 
  ・Tungsten trioxide 
  ・Tungstic acid 
Heteropoly acid Manufactured Product Lines 
 Crystal type &  Aqueous Solution type( HPAs contains approximately 40~50 wt%) 
  ・Phosphomolybdic acid 
  ・Phosphotungstic acid 
  ・Silicotungstic acid 
Special Products 
  ・Silicomolybdic acid 
  ・Phosphotungstic acid Type-7 (crystal water is approximately 7) 
  ・Complex Type ( e.g. Phosphovanadomolybdic acid) 
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