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Figure 1.
Photoemission spectra in the vicinity of the Fermi 
level of aligned and random MWNT’s and the 
SWNT’s.

Figure 2.
Secondary-electron threshold spectra of aligned and 
random MWNT’s.
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10-1. Electronic Structure at Carbon Nanotube Tips

Since the first discovery of carbon nanotubes, 
naotubes have attracted much attention of both 
material scientists and engineers because of their 
interesting new phenomena and their potential use 
in nanoscale devices: quantum wires, transistors, 
molecular memory devices, and electron field emit-
ters. The most unique features of nanotubes arise 
from their electronic properties. Especially, a spe-
cific electronic structure is expected at their tips, 
where the graphene cylinders are semi-spherically 
terminated. Investigations of the electronic proper-
ties of nanotube tips are important for understanding 
the electron field-emission properties of nanotubes. 
Photoemission spectroscopy can measure the elec-
tronic structure over a wide energy range. Fur-
thermore, photoemission spectroscopy can directly 
determine the work function, which is crucial for 
understanding the field-emission properties.

Synchrotron-radiation photoemission spectros-

copy has been employed to measure the work func-
tion, valence band structure, and C 1s spectra of 
vertically aligned and randomly distributed multi-
walled carbon nanotubes (MWNT’s) grown on Si 
substrates [1]. The length and diameter of the nano-
tubes are 10 μm and 30 nm, respectively. The spec-
tra from the aligned and random MWNT’s are con-
sidered to be dominated by photoemission from their 
tips and sidewalls, respectively. The experiment was 
performed at BL-1C. Figure 1 shows the spectra 
in the vicinity of the Fermi level of the aligned and 
random MWNT’s. For a reference, the spectrum of 
random single-walled carbon nanotubes (SWNT’s) 
is also shown. For the aligned MWNT’s, the exis-
tence of the Fermi edge is obvious. A Fermi-edge-
like feature is also slightly observed in the random 
MWNT’s, although the spectral intensity at the Fermi 
level is apparently lower than that of the aligned 
MWNT’s. On the other hand, the SWNT’s show 
a very small spectral intensity at the Fermi level. 
These results strongly suggest a specific electronic 
structure at the tips of the aligned MWNT’s. Figure 
2 shows the secondary-electron threshold spectra 
of the aligned and random MWNT’s. The work func-
tion of the random MWNT’s was determined to be 
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about 4.6 eV. This value is close to the value for 
graphite obtained in our previous study (4.6–4.7 eV) 
[2] and in other photoemission studies (4.6 eV). On 
the other hand, the work function of the aligned 
MWNT’s was determined to be 4.4 eV, which is 
smaller than those of the random MWNT’s and 
graphite. It is worth noting that this result is consis-
tent with a previously reported paper which showed 
that the threshold voltage of electron field emission 
of aligned MWNT’s is lower than that of random 
MWNT’s [3]. Furthermore, the work function of the 
SWNT’s, in contrast to the aligned MWNT’s, was 
found to be 4.8 eV in our previous study [4], which is 
a slightly larger value than that for graphite. These 
results can be explained by assuming that the Fermi 
level is slightly shifted upward and located inside the 
conduction band at the tips of the MWNT’s. We sug-
gest that the electronic structure at the tips of the 
MWNT’s is considerably affected by defects.

Y. Watanabe and S. Suzuki (NTT Basic Research 
Laboratories)
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