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要旨（英文 800語程度） 
Thesis Summary （approx.800 English Words ） 

Recently, the infrared (IR) region (λ = 2.5 to 25 µm) has been essential in science and technology fields for two 
reasons. (1) It is referred to as the fingerprint region, where the presence of these molecules can be detected 
via their unique spectral signatures; thus, it is essential for analyzing materials and sensing applications. (2) It 
covers the thermal radiation spectrum of most objects and the atmospheric transmittance window (ATW). 
Thus, the investigation of the IR region is vital to investigating modern cooling technologies such as radiative 
cooling (RC). Based on this knowledge, the objective of our study is to investigate the optical properties and 
the thermal radiation from polymer films and micro/nano materials in the IR region and examine RC technology.  
 
This study investigated the optical properties of silica microspheres for RC application through the surface 
phonon polaritons resonance (SPhPR). The SPhPR was observed at 9 and 21 µm, consistent with the Mie 
theoretical results. Because of silica's intrinsic properties, gold-capped microspheres were applied with the 
expectation that gold could act as an antenna for exciting SPhPR in the longer wavelength. Although SPhPR 
was not excited as expected, the extraordinary transmittance (EOT) phenomenon was explored. The EOT is 
well known in the visible region, while the knowledge in the IR region has not been reported yet. The observed 
transmittance is greater than that of the flat gold film; even the surface of the gold-capped microsphere 
appears as wholly covered with the gold film. The finite-difference time-domain (FDTD) calculation indicates 
that light passes through the openings between the gold film on the substrate surface and the gold cap. The 
EOT occurs in the broadband, free from resonance, and is absent in the visible and near IR region, where gold 
does not function as an ideal metal.  
 
Next, we explored the thermal radiation property through the RC characterization of polymer materials. The 
RC technology can cool things with no electricity; thus, it has been applied to various fields, such as clothing, 
energy harvesting, and solar cells. Furthermore, the outstanding property of polymers is able to use in flexible 
forms such as films or paint; thus, they promise real applications with low fabrication costs. This study 
demonstrated that polyester polymers and fluoropolymer are good candidates for daytime RC materials. They 
are transparent in the visible region while emitting in the ATW; thus, they can provide high RC performance. In 
addition, our reported materials have paint-ability and weather-ability; therefore, they can apply in the larger 
area with long-term use. Finally, the RC efficiency of samples was compared with some reported materials such 
as polydimethylsiloxane (PDMS), soda-lime glass (glass), and silica particles on the glass.  
 
On the other hand, we realized RC materials also adversely affect daily life, such as frost on the car windshield 
or condensation on the window. To our knowledge, no non-RC materials have been reported yet. Thus, we 
found some transparent non-RC materials such as indium tin oxide (ITO), dielectric-metal-dielectric (DMD), 
and silver nano-mesh (AgNWs) materials to block unwilling thermal radiation. While the non-RC performance 
of ITO and DMD films is better than that of the AgNWs film, they pose challenges such as the high fabrication 
cost and enlargement difficulties. The AgNWs film promises for coating in the larger area because of the 
paintable property. Thus, we can choose suitable materials for the targeted application. 
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