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Sensing technology is required in various fields not only for simplification of measurement but also for
automation and remote sensing. In particular, in situ detection of molecules in gas or solution is expected
to be applied to exhaled gas analysis as a mimimally invasive monitoring method for biological
information, biomarker analysis from trace samples, and spoilage gas analysis as a minimally invasive
monitoring method for food information. In general, a sensor device consists of a part that binds a target
and a part that detects the binding of the target. In this paper, metal nanoparticles and organic
molecules are used as the targetbinding part, and graphene field-effect transistors (FETs) are
commonly used as the detection part for electrical detection. Graphene has high mobility and is sensitive
to changes in the electronic state of the surface and is expected to be a channel for highly sensitive
sensors. In this study, we have created a molecular detection method that achieves a lower detectable
minimum concentration limit and a wider dynamic, a functional group selective molecular detection,
and a molecular detection that is not hindered by the limitations of conventional molecular detection in
solution.

Chapter 1 outlines the overall background and objectives of the research.

Chapter 2 describes graphene itself, graphene FETS, and the main analytical methods used in graphene
research.

Chapter 3 shows the fabrication of graphene FETs, which are commonly used in Chapters 5-6.

In Chapter 4, the effect of palladium modification conditions on the detection performance of the
hydrogen detection method using the hydrogen storage property of palladium is reported.

In Chapter 5, a molecular detection method using N-(9-Acridinyl) maleimide (NAM) modified graphene
FETs is proposed to electrically detect the chemical reaction involving the change of bond with
methanethiol.

In Chapter 6, we proposed a method of molecular detection by electrically detecting not the charge of the
target but the desorption of the modified molecule N-(1-Pyrenyl) maleimide (PMI) from the graphene
FET due to the reaction of the target with glutathione.

In Chapter 7, we summarize the results obtained and conclude this study.




