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Strategic International Collaborative Research Program (SICORP)
Japan—France Joint Research Program
Executive Summary of Final Report

1. Project Title : 'Molecular Materials for Magnesium Batteries |
2. Project Period : December, 2014 ~ March, 2018
3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Masashi Okubo | Assoc. The University of Analysis
Prof. Tokyo, School of
Engineering
Collaborator | Satoshi Postdoctral | The University of Analysis
Kajiyama fellow Tokyo, School of
Engineering
Collaborator | Akira Sugahara | Postdoctral | The University of Analysis
fellow Tokyo, School of
Engineering
Total number of participating researchers in the project:. 3

France-side
Name Title Affiliation Role
Pl Rodrigue Professor Sorbonne University, | Synthesis
Lescouézec Faculty of Science
(UPMC)
Collaborator PLAMONT Rémi | Postdoctral | Sorbonne Synthesis
fellow University, Faculty
of Science
(UPMC)
Collaborator | Laurent Lisnard | Chargé de | Sorbonne Synthesis
Recherche | University, Faculty
of Science
(UPMCQC)

Total number of participating researchers in the project:. 3

4. Summary of the joint project

The global demand for advanced electrochemical energy storage continues growing, led
by increasingly urgent concerns over environmental impact of fossil fuels and nuclear power
plants within a power grid. Mg batteries have attracted much interest as potential power grid
storage media, since magnesium is earth-abundant and its divalency (Mg?*) provides a high
energy density. A crucial requirement for Mg batteries is the development of host electrode
materials that exhibit reversible Mg?* intercalation. However, only a few compounds have
been reported as Mg?* intercalation hosts, and a rational strategy for the design of Mg?*
intercalation hosts is yet to be established.
In this MoMa project, we employed a bottom-up approach for designing open frameworks
that exhibit reversible intercalation of ions, especially Mg?* ion. The Mg?* intercalation
electrode materials we found in this project could contribute to industrial research &
development of Mg batteries. Furthermore, the established methodology to design host
electrode materials is tremendously versatile and can be used for exploring future electrode
materials for various ion intercalation (e.g., Ca?*, Al**).



5. Outcomes of the joint project

5-1 Intellectual Merit

For the development of Mg-ion intercalation hosts, it is crucial to construct nanoporous
space for Mg-ion storage as well as nanoporous channels for Mg-ion diffusion. In this MoMa
project, we explored an original synthetic approach based on the self-assembly of
preformed functional building units to obtain molecular materials fulfilling the
above-mentioned requirements. We have thus used functionalized clusters capable of
multi-electron redox reactions in order to rationally design redox active polymers containing
open space/channels for Mg?* storage/diffusion. The French group (Leader: Rodrigue
Lescouézec) designed novel intercalation compounds, which consist in self-assembled
cyanide-based molecular building units. The Japanese group (Leader: Masashi Okubo)
studied the electrode performance of the novel compounds designed by the French group.

Using the three-dimensional open framework built of molecular clusters that are able to
store multi electrons, we achieved reversible Mg-ion intercalation. The reaction voltage of
the electrodes is unprecedentedly high compared to those reported previously, leading to
high energy density Mg-ion batteries. More importantly, our approach, that is, a rational
assembling strategy is proved to be effective for the development of electrode materials for
ion storage, which can be applicable to any future battery cathode research.

5-2 Synergy through the Collaboration

The French group, which has expertise in coordination chemistry and which was mainly
interested until recently in fundamental research topics, gains some knowledge in an
important strategic field, the battery research. The Japanese group that has expertise in
battery engineering knows how to design a host electrode material. This new collaboration
showed interesting potentialities in the field of batteries and opened a door toward new
important scientific field, that is, the solid-state electrochemistry of coordination polymers.

5-3 Potential Impacts on Society

We demonstrated that open frameworks built of molecular clusters operate as positive
electrode materials for Mg batteries. Albeit a small capacity at present, an unprecedentedly
high operating voltage contributes to the recent significant interest among battery scientists
in the concept to develop Mg battery cathode. Furthermore, the new application of molecular
materials found in this project strongly encourages coordination chemists pursuing practical
applications of their compounds. Diverse building units of coordination complexes would
allow for further improvement of the electrode performance, which greatly contributes to the
next-generation battery research.
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Date of | Duration | Name Affiliation Destination | Purpose

Departure/ of

Return Exchange

29 January ~ | 5 days Masashi The Université Project

4 February Okubo University Pierre et discussion

2017 of Tokyo Marie Curie

31 August ~ | 5 days R. Université The Project

4 September Lescouézec | Pierre et University of | discussion

2017 Marie Curie | Tokyo

21-23 3 days Masashi The Université Project

January Okubo University Pierre et discussion

2015 of Tokyo Marie Curie

5-11 March 7 days Masashi The Université Project

2015 Okubo University Pierre et discussion
of Tokyo Marie Curie
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