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Exploring of Nano-Carbon Optics; Spin and Coherent Control
in Nano-Carbon Materials
(A AW HER)

REWFE IR F FAE R Kyoto University Kazunari Matsuda

We studied the novel optical properties of nano-carbon materials toward spin and coherent control of their
eigenstates. Detection of both the positive trion (positively charged exciton) and negative trion (negatively charged
exciton) as a three-particle bound state in the single-walled carbon nanotubes (SWNTSs) at room temperature is reported
by an in situ photoluminescence (PL) spectroelectrochemistry method. The electrochemical hole and electron dopings
enable us to detect such trions on the SWNTSs. In contrast to conventional compound semiconductors, on the SWNTSs,
the negative trion has almost the same binding energy to the positive trion, which is attributed to nearly identical
effective masses of the holes and electrons. Moreover, we studied the dimensionality of excitons and trions in
hole-doped SWNTs by means of PL spectroscopy. We found that the temperature (T) dependence of the PL intensity of
the trions and excitons is significantly different, reflecting their dimensionality. The PL intensity of the trions was almost
unchanged for 5-300 K, whereas clear T dependence of the exciton PL intensity was observed, which reflects the
characteristic radiative decay rate of one-dimensional excitons. The results suggest that the radiative decay rate of the
trions is independent of the temperature, which is the manifestation of the localization of the trions in hole-doped
SWNTs.
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