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

1. Project title : [Versatile ultra-sensitive FET sensor: Application to the detection of Cesium
in natural water |

2. Research period : September, 2016 ~ March, 2020

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Yutaka Deputy NIMS Research Director
Wakayama director
Collaborator | Jonathan Hill Group NIMS Syntheses of
leader sensor materials
Collaborator | Ryoma Hayakawa | Senior NIMS Measurement of
Researcher sensing properties
Collaborator | Tin Phan Nguy Student NIMS, Kyushu Fabrication and
Univ. measurement of
sensing properties
Collaborator | Mika Watanabe Technical NIMS Technical support
staff

Total number of participants throughout the research period: 5

France-side
Name Title Affiliation Role in the
research project
Pl Anne Charrier | Researcher | Aix-Marseille Univ, | Research Director
CNRS, CINaM
Co-PI Jean-Manual | Professor | Aix-Marseille Univ, | Syntheses of
CNRS, CINaM sensor materials
Raimumdo
Co-PI Matthieu Associate Aix-Marseille Univ, | Measurement of
Professor | CNRS, CINaM sensing properties
Petit
Collaborator | Volkan Ph. D Aix-Marseille Univ, | Fabrication and
student CNRS, CINaM measurement of
sensing properties

Total number of participants throughout the research period: 4

4. Summary of the international joint research

To control and monitor the toxic heavy metals are critical issues for environmental conservation. In
general, conventional analytical techniques, such as ICP-MS and AAS, have been used for the metal
analysis. However, these techniques need large facilities in laboratories, preventing frequent and
on-site monitoring. Furthermore, requirement for detection of radioactive metals, even though the
amount is very small, has been increased particularly after the tragic accident at Fukushima Nuclear
Power Station (NPS) in 2011. To meet these requirements, we develop a novel Cs ion sensor with
high sensitivity, selectivity and portability. Our approach is to a field-effect transistor-based sensor,
key components of which are consisted of organic molecular materials: organic semiconductor for
transistor channel, lipid membrane for gate dielectric layer and calixarene/crown ether-based ion
probe. Each component is carefully synthesized and assembled to maximize the sensing performance.
Importantly, our approach can be extended to other ion sensing simply by designing ion probes
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appropriately for specific analytes. That is, the Cs-sensor of this project is a proof-of-concept and
has a versatility for further applications.

5. Outcomes of the international joint research

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

® Electrolyte-gated organic-field effect transistor for Cs ion sensing

Our sensor needs to meet some requirements those are portability, sensitivity and selectivity. Another
key issue is that the target analyte is Cs ions in water solution. Electrolyte-gated organic field-effect
transistor (EG-OFET) can satisfy all these requirements. The size is around 15 mm square, enabling
portability for on-site measurements. Gate bias voltage is applied through electrolyte, which includes
metal ions. Then, threshold voltage is drastically reduced on the 10mV order. This is advantageous
for high sensitivity. The calixarene/crown ether-based ion probe forms a metal-complex only with Cs
ion to attain high selectivity. The device components (metal electrodes, organic semiconductor, lipid
membrane, ion probe) should be well assembled. In particular, the lipid membrane plays two
important roles those are to form ultra-thin gate dielectric layer and to immobilize the ion probes on
the membrane surface. Electrical signal from Cs ion can be detected as the variation in threshold
voltage of the transistor. A goal of this project is to establish a calibration line between threshold
voltage and Cs ion concentration.

® Project main results

We successfully established clear dependence of the threshold voltage (Vi) on the Cs ion
concentration. That is, the VVth showed a linear decrease with increasing Cs ion concentration. This
relation can be used as the calibration line for quantitative estimation of Cs ion in water solution.
Very wide linear range was observed from 10 ppb to 10 ppb range (10 order of dynamic range).
The slope of the linear range was 15mV/decade, which is enough high to determine ion
concentration.  The lower limit of the quantitative detection was 108 ppb, which is five order lower
than that of ICP-MS (102 ppb). Such linear relation was observed even in electrolyte including other
competitive ions (Na*, K* and CI"). In this manner, the high sensitivity and selectivity were attained
by our EG-FET ion sensor.

These excellent sensing properties were achieved by both organic synthesis of lipid membrane and
ion probe and fine assemblies of the device components. That is, interdisciplinary collaboration
among synthetic chemistry, electrochemistry and device physics worked very well by France-Japan
bilateral cooperation.

5-2 Synergistic effects of the joint research

Our collaboration team is consisted of researchers with different backgrounds: organic synthetic
chemistry, colloid chemistry, electrical engineering and device physics. Our achievements are
attainable only by such interdisciplinary collaboration. Here, we put an importance on personal
exchanges for the practical and effective collaboration. During the project period, research members
of both sides (France and Japan) have visited to each other very often to conduct and promote
collaborative works, including both experiments and exchange of idea. These reciprocal visits were
done mainly by young scientist, including Ph. D students. We believe that we were able to provide
fruitful experience to young members.

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

World Health Organization (WHO) defined a regulation, which determines the upper level of
radioactivity in foods and water. For example, only 10 becquerel/kg is allowed in drinking water.
This is comparable to the concentration of 3x10¢ ppb of Cs in water. Such low concentration is not
detectable by conventional techniques. Meanwhile, our sensor can cover even such low
concentration. Additionally, our sensor was found to work in seawater. In general, seawater contain a
lot of competing ions, such as Na*, Mg?*, K*, CI- and so on. These ions preclude the measurements
in ICP-MA or AAS. However, the high selectivity of our sensor makes it possible to detect Cs ion
even in seawater. This is advantageous for practical use.
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