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Optical absorption and photoluminescence excitation spectroscopy of SWNTs in UV-Vis
range
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In our previous study [1], we have found that some PL peaks for cross-polarized excitation to the nanotube
axis can be clearly observed in the PLE spectra of isolated SWNTs.

In this study, we focus on optical absorption and polarized PLE spectra for UV-Vis range. In Vis to
UV range, there exist small but nonzero intensity tails for perpendicular excitation above the distinct
peaks of parallel (E22) excitation. The PL intensities corresponding to the perpendicular excitation were
almost comparable to those for the parallel excitation in a certain energy region.

In addition, we studied details of optical absorption of SWNTs in UV range by comparing optical ab-
sorption and PLE spectroscopy. In an optical absorption spectrum of SWNTs in UV range, there are
two major peaks corresponding to parallel (= 4.5 eV) and perpendicular (= 5.25 eV) excitations. We
compared absorption and PLE spectra and found there is no feature corresponding to ~ 4.5 eV peak in
the PLE spectra. Since only semiconducting SWNTs contribute to PLE spectra, this result suggests that
the ~ 4.5 eV peak is only for metallic nanotubes.
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Electron-phonon coupling (EPC) is a key magnitude in carbon materials like graphite or nanotubes, with
important consequences on electronic transport or Raman intensities. In nanotubes, symmetry allows
a mixing of the radial-breathing mode (RBM) and the high-energy modes (HEMs), often regarded as
independent otherwise. This mixing has considerable effects on the electron-phonon coupling of carbon
nanotubes. We compare electron-phonon coupling matrix elements M._,, obtained from ideal and mixed
modes. The ideal RBM is purely radial and the ideal HEMs are directly derived from the Ey,-mode of
graphene. We obtain the degree of mixing by a variational approach based on density-functional theory
calculations. We find that the actual RBMs and HEMs differ from the ideal, irrespective of the nanotube
chirality. Calculations of M._,;, for the ideal RBM leads to deviations of up to 60 % showing the
importance of a correct calculation of the eigenvectors. Since the observed intensity of Raman peaks is
proportional to |M._pp|? this effect is relevant for the optical characterization of nanotube abundance.
The mixing also influences the calculation of phonon frequencies: while the frequency of the RBM is only
slightly changed, we find deviations up to 50 cm™" for the HEM.
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We investigate effects of disorder in few-layer graphene observed by Raman spectroscopy and transport
measurements.

At the transition from few-layer to single-layer graphene flakes, the G line of the Raman spectrum shifts
to higher wave numbers [1]. This shift in the G peak position is, however, not constant in space but
fluctuates within a given section. This can be attributed to inhomogeneities in the flake possibly related
to doping variations leading to the shift [2,3].

Additionally we report on transport measurements on a few-layer graphene wire with a phase coherence
length at low temperatures larger than the wire width, but comparable to the wire length [4]. By analyzing
the weak localization peak in the one-dimensional dirty-metal regime, we find a density dependence of
the quantum corrections to the conductivity. Side gates allow us to tune the Fermi energy locally and to
change the disorder configuration for a fixed Fermi level.
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