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

1. Project Title : IMolecular Photocathodes for CO, reduction and H evolution |
2. Project Period : December, 2014 ~ March, 2018
3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Osamu Ishitani Professor | Tokyo Institute Supervision of
of Technology Japan-side, synthesis

of metal complex

Co-PI Ryu Abe Professor | Kyoto University | Preparation of
semiconductor
electrode

Collaborator | Hiromu Kumagai | Specially | Tokyo Institute Evaluation of
Appointed | of Technology molecular

Assistant photocathode
Professor
Collaborator | Yasuomi PD Tokyo Institute Synthesis of metal
Yamazaki of Technology complex

Total number of participating researchers in the project:. 4

France-side
Name Title Affiliation Role
Pl Vincent Artero Senior CEA/Life Supervision of
Scientist | science Division | France-side,
synthesis of metal
complex
Collaborator | Murielle Senior CNRS/ Institut Evaluation of
Chavarot-Kerlidou | Scientist | de Chimie molecular
photoanode
Collaborator | Christopher D. PD Synthesis and
Windle evaluation of
molecular
photocathode

Total number of participating researchers in the project: 3

4. Summary of the joint project

Water, CO, and solar energy form an ideal trio for the production of fuels because they are
all readily available. One may evaluate the impact of an efficient photoelectrochemical
technology by simply considering that the amount of light energy that reaches the Earth
every day accounts for ca. 10 000 times the total energy consumption. However, solar
energy should not only be converted into electricity but also stored into fuels. The production
of solar fuels from CO. and water will also result in a carbon-neutral economy and
furthermore allow maintaining the current fuel distribution infrastructure. Yet, despite water
and CO; are very cheap primary sources and sunlight is free, no cost-effective process
exists for solar fuels production. Indeed, both scientific (fundamental) and technological
challenges still exist for the design of photocatalytic materials exhibiting both high yields and
sustainable activity. The project PhotoCAT specifically addresses this issue, using a
biomimetic approach.



5. Outcomes of the joint project

5-1 Intellectual Merit

Molecular photocathodes for the reduction of water into hydrogen have been produced
through the cografting of molecular dyes (based either on Ru(ll) polypyridine complexes or
push-pull organic dyes) and bioinspired cobalt catalysts onto nanostructured NiO electrodes.
These photocathodes have been characterized by advanced physical techniques including
time-resolved UV-visible absorption spectroscopy and their activity has been demonstrated.
To produce photocathodes able to reduce CO, into a valuable fuel, the redox
photosensitizer of Ru(ll), Os(Il) and Ir(lll) complexes having methylphosphonic acid groups
has been developed to be combined with semiconductor electrodes. We also developed a
semiconductor photocathode with p-type semiconductor NiO or CuGaO: fixed on FTO glass.
Their application to the molecular photocathode was demonstrated by hybridizing with the
redox photosensitizer, and developed photocathodes with the Re(l)-based catalyst drive
CO2 reduction. Using these molecular photocathodes and CoOx-modified TaON photoanode,
we succeeded in constructing a hybrid DS-PEC cell for COz reduction using the water as an
electron source for the first time.

5-2 Synergy through the Collaboration

Thanks to materials, know-how and student exchanges, teams involved ion Photocat have
been able to assemble the first hybrid DS-PEC cell for COz reduction using the water as an
electron source for the first time. All three partners now have extended their portfolio of
materials and methodologies, which will allow them to progress towards the establishment
of artificial photosynthesis as a disruptive carbon neutral technology for the XXI century.

5-3 Potential Impacts on Society

The ambitious goal of artificial photosynthesis is to provide a sustainable alternative to the
fossil-based, energy-intensive production of chemicals, including energy carriers.
Photosynthesis, where solar energy, water and carbon dioxide are transformed into
chemical energy in the form of hydrocarbons, serves as a role model. The utilization of
‘waste' CO; replaces crude oil as raw material and represents a promising way towards a
circular production of chemicals and fuels.
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