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

1. Project Title : [ Molecular Engineering and Controlled Assembly of Nano Objects built on
porphyrins (MECANO) |

2. Project Period : December, 2014 ~ March, 2018

3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Takashi Professor Osaka University Project
Hayashi management
Co-PI Yoshihiro Senior National Institute of | Structural
Kikkawa Researcher | Advanced evaluation of
Industrial Science | molecules
and Technology
Collaborator | Akira Onoda Associate Osaka Univerity Functional
Professor evaluation of
molecules
Collaborator | Koji Oohora Assistant Osaka University Synthesis of
Professor molecules
Collaborator | Nozomu Inoue | Graduate Osaka University Functional
Student evaluation of
molecules
Collaborator | Yuta Miyazaki Graduate Osaka University Synthesis of
Student molecules

Total number of participating researchers in the project: 11

France-side
Name Title Affiliation Role
Pl Jean Weiss Research CNRS University Project
Director of Strasbourg management
Co-PI Bernard Boitrel | Research CNRS University Synthesis of
Director of Rennes 1 molecules
Co-PI Stéphane Researcher | CEA Saclay Functional
Campidelli evaluation of
molecules
Collaborator | Romain Senior CNRS University Synthesis of
Ruppert Researcher | of Strasbourg molecules
Collaborator | Jeniffer A. Senior CNRS University Synthesis of
Wytko Researcher | of Strasbourg molecules
Collaborator | Christophe Post-doctoral | University of Synthesis of
Kahlfuss Fellow Strasbourg molecules

Total number of participating researchers in the project: 10

4. Summary of the joint project

This project aimed to provide new tools for the elaboration of functional molecular
devices constructed by porphyrins. Porphyrins are a family of highly stable tetrapyrrolic
macrocycles which is widely present in natural systems from photosynthesis to enzymes. In
nature, porphyrins collect photons, convert light into electrons that are transported and
finally used in chemical reactions. The nature of the metal inside the porphyrin core is known
to dictate the molecule's function. Thus, a synthetic porphyrin having a redox active metal



such as Fe or Co act as an electrocatalyst, whereas an artificial system of energy or electron
transfer is quite often used as a porphyrin with a redox inert metal such as Zn or Mg. The
main goals of this project are the design and preparation of grafting porphyrin derivatives on
carbon nanotubes (CNTSs), which serve as an electron reservoir and/or catalyst to perform
reactions or initiate the growth of nano-antennae for new photovoltaic materials.
Furthermore, the metal incorporated into the porphyrin core was focused on as a function of
the targeted properties.

5. Outcomes of the joint project
5-1 Intellectual Merit

Two approaches were explored to graft porphyrin derivatives on CNTs. The first approach
was the attachment of porphyrin derivatives onto CNTs by covalent chemical bonds and the
second was the attachment by weak interactions, in particular, hydrophobic interactions
between large aromatic surfaces and alkyl chains wrapped around the CNTs. The grafting of
the porphyrin derivatives to CNTs was confirmed by spectrophotometry in the UV-visible
(UV-vis) range and atomic force microscopy (AFM), whereas the reactivity was monitored by
electrochemistry techniques. Electrochemistry was also used to estimate the catalytic
performance of the CNT/porphyrin combination. Investigation and optimization of
self-assembly processes were studied both in solution, by nuclear magnetic resonance
(NMR) and UV-vis, and on surfaces by AFM in the case of surface-directed self-assembly.
These studies were expected to lead to a better understanding of the parameters controlling
the growth of nano-objects in solution and on surfaces, thus facilitating incorporation of
these objects in devices.

This project has led to several proofs of concept that will contribute to the design of new
strategies in the development of nanotechnologies at the molecular scale. A reconstructed
protein bearing a clickable azide function was grafted on a CNT by a cycloaddition reaction,
demonstrating the feasibility of protein engineering on the CNT surface. In the case of
electrocatalysts, comparison of the two grafting methods showed that covalent grafting
seemed insufficient for significant catalysis. In contrast, grafting based on weak interactions
between CNTs and porphyrins increased the electrocatalysis in comparison to both
compounds studied separately. The growth of porphyrin nanostructures on surfaces is now
fully understood and a comprehension of growth in solution should follow soon through new
international and national collaborative programs initiated during the MECANO project.
Significant results were also obtained for the growth of nanowires from seeds on CNTs and
the possibility of mechanical linkage to ensure the stability of the scaffolds.

5-2 Synergy through the Collaboration

Total of 22 articles have already been published or accepted, in particular, 6 papers are
presented from collaborative work and are co-authored by both Japanese and French
researchers. Especially, two new topics have emerged from collaborative work and have led
to two additional publications (Chem. Sci. and Chem. Eur. J.) co-authored by
Japanese/French partners. Three more papers on one of the new topics are now submitted
or in preparation. At this stage, the partners in Osaka and Strasbourg are developing an
International Associate Laboratory (LIA) of the CNRS that specifically targets a new and
general approach of hemoprotein modeling based on a combinatorial use of cyclodextrins
and porphyrins.

5-3 Potential Impacts on Society
The project and results are essentially scientific and conceptual. We showed that CNTs
can be used as an electroactive support to convey electrons to catalysts grafted on the CNT
surface. These grafted systems perform biologically and economically relevant chemical
reactions such as the reduction of oxygen. The self-assembly process of porphyrin
nanowires induced by surfaces was both demonstrated and deciphered and strategies to
mechanically lock the final architectures are being investigated.
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