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

1. Project title : TOn-surface synthesis of covalent networks with integrated optical functions |
2. Research period : September, 2016 ~ March, 2020
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Yousoo Kim Chief RIKEN Supervisor,
Scientist Low
temperature
STM (LT-STM)
Collaborator | Songpol Postdoctoral | RIKEN On-surface
Chaunchaiyakul | Researcher synthesis with
LT-STM
Collaborator | Chi Zhang Special RIKEN On-surface
Postdoctoral synthesis with
Researcher LT-STM, DFT
calculations
Collaborator | Hiroshi Imada Research RIKEN Scanning
Scientist tunneling
luminescence
spectroscopy
Collaborator | Emiko Kazuma Research RIKEN Surface
Scientist reactions with
LT-STM
Total number of participants throughout the research period: 5
France-side
Name Title Affiliation Role in the
research
project
Pl Sylvain Clair Senior IM2NP, CNRS Supervisor,
Researcher Room
temperature
STM
Co-PI Jean-Luc Senior ISM2 chemical
Parrain researcher synthesis
Collaborator | Andrés Postdoctoral | IM2NP, CNRS Synthesis of
Lombana Research photofunctional
Fellow molecules

Total number of participants throughout the research period: 3

4. Summary of the international joint research

The present project aims at developing adaptive 2D polymers as universal schemes for
creating robust organic surfaces possessing integrated optical functions. To this target, a
variety of surface-supported extended covalent networks are formed through the in-situ
reaction from functionalized precursors. The strategy proposed enables the incorporation of
targeted molecular functions into large scale, extended regular networks while preserving
the original molecular-level physicochemical properties. During the formation of the
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networks, the atomic-scale interactions are studied, thus providing a fundamental
description of the chemical reaction steps at the single-molecule level. The substrate used
plays a critical role in the formation mechanism and we investigated a large range of
different substrates, noble metals or bulk insulators. In this way, future applications may be
envisioned.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

The samples were obtained by direct evaporation of the molecules in the ultrahigh
vacuum onto the desired surface. Scanning probe microscopy (STM: scanning tunneling
microscopy and AFM: atomic force microscopy) makes use of the fundamental interaction
between the atomic apex of a metal tip and the surface under investigation. Molecular
systems adsorbed on conductive or insulating substrates can be studied with very high
resolution. In addition, we used in situ spectroscopic methods, such as photoemission
spectroscopy and light absorption, to measure their electronic and optical behavior,
respectively. By varying the reaction parameters, the different processes involved can be
elucidated with high precision, at the atomic level. Also, the structural and functional
properties of the polymeric network formed can be precisely described.

We have implemented and successfully demonstrated an original experimental approach
to measure simultaneously the optical properties of molecular systems and their precise
structure at the atomic scale. Second, we have created the first polymeric system
synthesized directly on an insulating substrate. This means that robust organic systems can
be realized and easily integrated into electronic devices. Finally, we have elucidated a novel
chemical reaction on a metal substrate for which the individual (ad)atoms from the surface
interfere with the adsorbed molecules and can modify the reaction pathway. These results
illustrate the fact that the system under investigation cannot be considered independent
from its environment, but this also provides us with an efficient tool to control a chemical
reaction at the atomic level.

5-2 Synergistic effects of the joint research

The three partners involved in the PHOTONET project have complementary and
multidisciplinary expertise and know-how. The leadership of the French partners on
supramolecular self-assembly on surfaces is complementary added to the leadership of the
Japanese partner on single molecule chemistry to deliver efficient functional 2D networks
with high level of fundamental comprehension and control.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The PHOTONET project is addressing a wide range of functional molecular systems with
advanced physicochemical characterization. Atomic-scale level fundamental understanding
on specific chemical reactions was achieved. Furthermore, the realization of robust covalent
polymers directly on insulating substrates will provide an important advancement towards
their implementation in industrial devices in molecular electronics.
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