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Figure 1. Extended honeycomb lattice of a nanotube. The vectors
C, and T are the chiral vector and translational vector, respectively.
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Figure 2. Schematic illustration of a (10, 10) armchair SWNT.
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Energy dispersion and density of states for a (10, 10) armchair SWNT. When a SWNT sample is placed on a

metal substrate, the Fermi level is shifted to some energy u because of doping of carriers to a SWNT.
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Figure 4. Photoemission spectra of SWNT samples prepared by

different methods. (a) The spectrum for the sample prepared by the
laser vaporization method. The purity was estimated to be higher
than 90%. (b) The spectrum for the sample with the purity of ~70
9% . The sample was prepared by the laser vaporization method. (c)
The spectrum for the sample prepared by the chemical vapor deposi-
tion method (CVD). (d) The spectrum for the sample prepared by
the arc discharge method. The purity was estimated to be ~20%.
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Figure 5. Photon energy dependence of photoemission spectra of
SWNTSs. The spectrum of graphite is also shown.
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Figure 6. Photoemission spectra of SWNTSs and graphite near Ex

measured with an energy resolution of 50 meV at 4v=65 eV. These

spectra ware measured at KEK-PF. The optical absorption spectrum

and the calculated densities of states (DOS) for SWNTs with the
indices (10, 10) and (16, 2) are also shown.
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Figure 8. (a) High-resolution photoemission spectra of the SWNT

—A2 sample near Er measured at 7=10 K-310 K with an energy
resolution of 13 meV. The spectra were measured at HiSOR. (b)
Photoemission spectra of Au (3D conventional metal). (c) Calcu-
lated densities of states (DOS) and photoemission spectra (PES)
for the TLL state in the metallic SWNT.
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Electronic states of carbon nanotubes studied by high-resolution
photoemission spectroscopy using synchrotron radiation

Hiroyoshi ISHII

Graduate School of Science, Tokyo Metropolitan University

Minami-Ohsawa 1-1, Hachioji, Tokyo 192-0397, Japan

Abstract

We have succeeded in observing one-dimensional electronic states in single-wall carbon nanotubes (SWNTSs) by

high-resolution photoemission spectroscopy using synchrotron radiation. The spectral function near the Fermi lev-
el (Er) and the intensities at Er are found to behave as w* and T, respectively, where w and T are the binding
energy measured from Er and temperature, respectively. The exponent « is found to be 0.46-0.48. This observa-
tion is direct evidence that a Tomonaga-Luttinger liquid state is realized in SWNT where the long-range Coulomb in-
teraction plays an essential role.
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