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Thermal optical properties of carbon nanotubes and their application to solar energy conversion
(\Institute of Advanced Energy, Kyoto University) OYuhei Miyauchi'

Solar energy utilization technologies have been of central importance over recent years as
the key to conquer the urgent social requirement for reducing CO; emission on a global scale.
In addition to solar photovoltaics, which is a typical technology for solar energy harvesting,
utilization/management technologies of solar thermal energy have also been of great interest
because of their high energy conversion efficiency and relatively low cost. One of the key
components in solar thermal technologies is a device with wavelength-selective absorptivity
that enables highly efficient solar energy collection, called wavelength-selective absorber.
When the selective absorber is used in conjunction with an ideal wavelength-selective thermal
emitter that can generate thermal radiation limited to a desired near-infrared wavelength region,
sunlight with a broadband spectrum can be spectrally shaped into narrow-band near-infrared
light that is quite useful for various energy applications.

We will discuss our recent progress on the studies of fundamental thermal optical properties
of individual single-walled carbon nanotubes (SWCNTs) " and macroscopic membranes of
single chirality-enriched® semiconducting SWCNTs toward highly efficient solar energy
collection and spectral conversion. SWCNTs are ultra-thin cylindrical nanomaterials consisting
of monolayer sp” carbon network, and their physical properties, including their band gaps, are
determined by their diameters and chiral structures. Optical spectra of SWCNTs with
semiconducting band gaps are dominated by thermally stable excitons whose resonant
wavelengths in the near-infrared region are determined by the structure of SWCNTs. This
unique exciton property enables an excellent steepness and tunability of the wavelength cut off
when SWCNTs are used as the absorber. Moreover, recently, we found that excitons in
SWCNTs are stable even at elevated temperatures more than 1500-2000 K owing to the high
thermal stability of SWCNTs themselves and large binding energy of quasi one-dimensional
excitons, and thermal radiation with narrow spectral bandwidth arising from thermal generation
and radiative recombination of excitons is available"; this is an ideal property' as a material
for selective emitters. The detailed optical and thermal optical properties of individual
SWCNTs" and their assembly® will be presented, and their potential applications in solar
energy conversion will be discussed.
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