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Science of 2.5 dimensional materials: Frontier of materials science and advanced applications
(Global Innovation Center (GIC) and Interdisciplinary Graduate School of Engineering
Science, Kyushu University) oHiroki Ago

Recently, 2D materials have attracted great interest with the strong expectation of future
electronic applications, such as logic circuits, sensors, and flexible devices. In addition,
integration of multiple 2D materials, such as vertical and in-plane heterostructures, and 2D
nanospace formed between 2D materials offer new opportunities to explore materials science
and engineering. We call this new science as “2.5D materials” and have started the KAKENHI
project. Here, I will introduce our research activities based on this 2.5D materials concept.

Keywords :  2.5D materials; graphene, chemical vapor deposition; 2D nanospace; transistors
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1] https://25d-materials.jp/

2] H. Ago et al., Sci. Tech. Adv. Mater. (STAM), 2022, 23, 275.
3]Y. Takesaki et al., Chem. Mater., 2016, 28, 4583.

4] P.-S. Fernandez et al., ACS Nano 2020, 14, 6834.

51 Y.-C. Lin et al., Adv. Mater. 2021., 33,2105898.

6] Y. Araki et al. ACS Nano 2022, 16, 14075.

[7]1 Y.-C. Lin et al., Nat. Commun. in press.

[8] S. Fukamachi et al., Nat. Electron. 2023, 6, 126.

[9] M. Nakatani et al., submitted.
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Robust Artificial Olfactory Devices via Low Dimensional Nanomaterials (' Graduate School of
Engineering, The University of Tokyo, *Institute of Materials Chemistry and Engineering,
Kyushu University) O Takeshi Yanagida'? Tsunaki Takahashi', Takuro Hosomi', Wataru
Tanaka', Jiangyang Liu !

Low dimensional materials have proven their unique and useful properties and functionalities
for various device applications. One of interesting features in such low dimensional materials
is the significant amplification of interactive events with surrounding molecules on surfaces
due to the high surface/volume ratio. Here, I report robust artifitial olfactory devices utilizing
low dimensional metal oxide nanomaterials. In nature, biological olfactory systems (e.g.
olfactory receptors) are highly sophisticated, and can discriminate various odor molecules with
similar structural isomers in a wide concentration range. However, such biological olfactory
systems have faced their limitations for artificial olfactory sensor electronics, because of their
inherent vulnerability. Thus, it has been a long-standing scientific issue in material chemistry
to design robust but molecular selective odor sensing and artificial olfactory systems using
robust materials. In this talk, I will present some recent progress of my research group on robust
odor sensing and artificial olfactory devices by designing low dimensional metal oxide
nanostructures and their interfaces. ' I will also discuss that weak van der Waals interactions
between hydrophobic aliphatic alkyl-chains and hydrophilic metal oxide nanostructured
surfaces, which have been highly underestimated as interactions during molecular sensing, play
an important role on robust electrical sensing on metal oxide sensor surfaces.

Keywords : Low Dimensional Metal Oxides; Artificial Olfactory Devices, Surface Chemistry
on Metal Oxides,; Robust Molecular Recognition; van der Waals Interactions
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1) Nanoscale Thermal Management of Single SnO> Nanowire: pico-Joule Energy Consumed Molecule
Sensor, ACS Sensors, 1,997 (2016).

2) Rational Method to Monitor Molecular Transformations on Metal Oxide Nanowire Surfaces, Nano
Letters 19, 2443 (2019).

3) Thermally Robust and Strongly Oxidizing Surface of WO; Hydrate Nanowires for Electrical
Aldehyde Sensing with Long-Term Stability, Journal of Materials Chemistry A, 9, 5815 (2021).

4) Impact of Surface Cu* of ZnO/(CuixZnx)O Heterostructured Nanowires on Adsorption and
Chemical Transformation of Carbonyl Compounds, Chemical Science,12, 5073 (2021).

5) Edge-Topological Regulation for in Situ Fabrication of Bridging Nanosensors, Nano Letters, 22,
2569 (2022).

6) Water-Selective Nanostructured Dehumidifier for Molecular Sensing Space, ACS Sensors, 7, 534
(2022).

7) Impact of Lateral SnO2 Nanofilm Channel Geometry on a 1024 Crossbar Chemical Sensor Array,
ACS Sensors, 7,460 (2022).
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Development of Molecular Nanodevices Based on Single-molecule Junctions (!School of
Science, Tokyo Institute of Technology) OTomoaki Nishino!

Single-molecule junctions consist of a single molecule bridging a tiny gap between metal
electrodes (Fig. 1) and can be regarded as novel one-dimensional materials. Single-molecule
junctions exhibit a variety of unique electronic properties due to their low dimensionality, the
electronic structure of the molecules and the two molecule/electrode interfaces in close
proximity. Therefore, single-molecule junctions can be utilized for nanoelectronic devices and
are expected to become a promising building block in molecular electronics. On the other hand,
since the electron transport properties of single-molecule junctions reflect the chemical
structure of the molecules composing the junctions, they can be used for sensing applications,
and various single-molecule detection methods have been developed.

In this talk, we will present our recent results on the exploration of single-molecule junctions
for the realization of molecular nanodevices. For example, we have developed single-molecule
transistors and self-restoring single-molecule devices based on intermolecular interactions for
electronic device applications. We also report on the detection of single biomolecules such as
glucose and phosphorylated peptides for sensing applications.

Keywords : Single Molecule; Scanning Tunneling Microscope; Molecular Electronics;
Biosensors, Bioelectronics
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References. S. Fujii et al. Nat. Comm. 2017, 8, 15984. T. Harashima et al. Nat. Commun. 2021,
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Future materials created by 2D inorganic nanosheets
(‘IMaSS, Nagoya University) OMinoru Osada’

Two-dimensional (2D) nanosheets, which possess atomic or molecular thickness and infinite
lateral lengths, have been emerging as important new materials because of their intriguing
physical and chemical properties distinct from those of their bulk counterparts. In particular,
the development of graphene has opened new possibilities of isolating and exploring the
fascinating properties of 2D nanosheets of other layered compounds. 2D inorganic nanosheets
are one of important targets in this regard due to their diversity in chemical compositions,
structures and functionalities beyond graphene. Here, we present recent progress made in the
synthesis, assembly and properties of 2D inorganic nanosheets, highlighting emerging
functionalities in electronic and energy applications.

Keywords : Inorganic nanosheets; Tailored synthesis; Controlled assembly
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1) E.Yamamoto et al., Small 2023, 19, 2300022.

2) K. Hagiwara et al., Adv. Electron Mater. 2023, 9, 2201239.

3) S.Ando et al., ACS Nano 2023, doi.org/10.1021/acsnano.3¢07861.

4) Y. Shiet al., ACS Nano 2020, 14, 15216; ACS Appl. Mater. Interfaces 2023, 15,22737.
5) H-J.Kim et al., Nano Lett. 2023, 23, 3788.

6) H. Tsunematsu et al., ACS Nano 2023, 17, 11396.
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