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 Since the discovery by S. Iijima in 1991, carbon nanotubes shown in Fig. 1 are regarded as one of the most 

important material in “nanotechnology.” Due to their novel electronic, optical, and mechanical properties, single-walled 

carbon nanotubes (SWNTs) show great potential for use in a wide variety of applications. Many of the applications such 

as field effect transistors, electron field emission sources, single electron transistors, optical switches, nano-wires, 

chemical sensors, and composite materials for high mechanical and thermal properties have been examined.  

The geometry of SWNT can be described as a single layer of a graphite sheet that is rolled up into a cylinder. 

The diameter is only 0.7 through about 3 nm and the length is about a few microns to even a few centimeters. The 

geometry can be specified by the chiral vector ),(21 mnmnh ≡+= aaC , where a1 and a2 are unit vectors of the 

honeycomb lattice of the graphite sheet. By rolling up so that 2 atoms at origin and at Ch in the honeycomb lattice will 

meet, Ch will be the circumference of the SWNT. Hence, the geometry of a SWNT is uniquely determined by the chiral 

index (n, m). The electronical property of SWNT is most exciting that it may be metallic or semiconductor depending 

on the chirality. The electronic density of states shows divergences called Van Hove singularity. Many of electronic and 

optical applications are based on these molecular-like DOS structure.  

 Most of studies of SWNTs have started after the discoveries of macroscopic generation techniques, 

laser-furnace method in 1996 and arc-discharge 

method in 1997. Recently, the bulk generation of 

SWNTs by the catalytic CVD process called HiPco 

has been developed. An alternative catalytic CVD 

method from alcohol was also introduced by the 

author’s group.  

 

Fig. 1 Geometrical structure of carbon nanotubes. 

(a) Single-walled carbon nanotubes (SWNTs), (b) A bundle of 

SWNTs, (c) Multi-walled carbon nanotubes (MWNTs), (d) 

Peapod 

 Later, the synthesis of silicon nano-wires 

with one-order larger diameter than SWNTs has 

made the wide variety of electronic and optical 

applications of one-dimensional material much 

more practical. Furthermore, the silica nanotubes 

with internal diameters in the range of 5-100 nm 

and with lengths 1-20 µm was recently reported. 

These one to two order larger nanotubes could 

potentially allow new devices to control the 

transport of fluid, ions and biomoleucles. A new 

field of nanoscale transport is now being developed 

with these new silica nanotubes. 
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Properties of carbon nano-structure are principally governed by the atomic 

arrangement of graphitic network and by its structural defects. Impurities to carbon nano-
structure even at atomic-level are also known to drastically alter its physical and chemical 
properties.  Therefore the characterization techniques with the highest levels of 
sensitivity and resolution current available are indispensable to clarify the structure-
property correlation of carbon nano-structures and then to explore the carbon nano-world 
and endeavored applications. Examples for diagnostics of various carbon nano-structures 
with single-atom sensitivity will be presented. 
 Major topics of this talk will be (i) selective deposition of a metal cluster in a 
hole opening of single-wall carbon nano-horn [1], (ii) identification of various atomic 
defects in graphene layers [2], and (iii) in-situ observations of single-atom migration 
within carbon nano-peapods. 
 

 
Fig.1. A TEM image and corresponding model of a Gd atom (blue) lodged at the oxidized tip of a nanohorn. 
(Ref. 1) 
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