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Abstract
Carbon nanotubes (CNTs) are allotropes of carbon with a 
cylindrical nanostructure. These cylindrical carbon molecules have 
unusual properties, which are valuable or nanotech-
nology, electronics, optics and other fields of materials science and 
technology. Owing to the material’s exceptional strength and 
stiffness, nanotubes have been constructed with length-to-diameter 
ratio of up to 132,000,000:1, [1] significantly larger than for any 
other material.
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I. Introduction
Nanotubes are members of the structural family. Their name is 
derived from their long, hollow structure with the walls formed 
by one-atom-thick sheets of carbon, called graphene. These 
sheets are rolled at specific and discrete (“chiral”) angles, and the 
combination of the rolling angle and radius decides the nanotube 
properties; for example, whether the individual nanotube shell is 
a metal or semiconductor. Nanotubes are categorized as single-
walled nanotubes (SWNTs) and multi walled nanotubes (MWNTs). 
Individual nanotubes naturally align themselves into “ropes” held 
together by van der walls forces, more specifically, pi-stacking .
Applied quantum chemistry , specifically, orbital hybridization best 
describes chemical bonding in nanotubes. The chemical 
bonding  of nanotubes is composed entirely of sp2 bonds, similar 
to those of graphite. These bonds, which are stronger than 
the sp3 bondsfound in alkanes and diamond, provide nanotubes 
with their unique strength.

II. Types of Carbon Nanotubes and Related Structure

A. Terminology
There is no consensus on some terms describing carbon nanotubes 
in scientific literature: both “-wall” and “-walled” are being used 
in combination with “single”, “double”, “triple” or “multi”, and 
the letter C is often omitted in the abbreviation; for example, 
multi-walled carbon nanotube (MWNT).

1. Single-walled

(a). 

 
(b). The Translation Vector is Bent

(c). Graphene Nanoribbon

(d). The Chiral Vector is Bent, While the Translation Vector Stays 
Straight

Most single-walled nanotubes (SWNTs) have a diameter of close 
to 1 nanometer, and can be many millions of times longer. The 
structure of a SWNT can be conceptualized by wrapping a one-
atom-thick layer of graphite called graphene into a seamless 
cylinder. The way the graphene sheet is wrapped is represented by 
a pair of indices (n,m). The integers n and m denote the number of 
unit vectors along two directions in the honeycomb crystal lattice of 
graphene. If m = 0, the nanotubes are called zigzagnanotubes, and 
if n = m, the nanotubes are called armchair nanotubes. Otherwise, 
they are called chiral. The diameter of an ideal nanotube can be 
calculated from its (n,m) indices as follows"

SWNTs are an important variety of carbon nanotube because most 
of their properties change significantly with the (n,m) values, and 
this dependence is non-monotonic (see Kataura plot). In particular, 
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their band gap can vary from zero to about 2 eV and their electrical 
conductivity can show metallic or semiconducting behavior. 
Single-walled nanotubes are likely candidates for miniaturizing 
electronics. The most basic building block of these systems is the 
electric wire, and SWNTs with diameters of an order of a nanometer 
can be excellent conductors.[4][5] One useful application of 
SWNTs is in the development of the first intermolecular field-
effect transistors (FET). The first intermolecular logic gate using 
SWCNT FETs was made in 2001.[6] A logic gate requires both a 
p-FET and an n-FET. Because SWNTs are p-FETs when exposed 
to oxygen and n-FETs otherwise, it is possible to expose half of an 
SWNT to oxygen and protect the other half from it. The resulting 
SWNT acts as anot logic gate with both p and n-type FETs in the 
same molecule.
Prices for single-walled nanotubes declined from around $1500 
per gram as of 2000 to retail prices of around $50 per gram of as-
produced 40–60% by weight SWNTs as of March 2010. As of 2016 
the retail price of as-produced 75% by weight SWNTs were $2 per 
gram, cheap enough for widespread use.[7] SWNTs are forecast to 
make a large impact in electronics applications by 2020 according 
to the The Global Market for Carbon Nanotubes report.

2. Multi-walled

A microscopy image of a single-walled carbon nanotube

Multi-walled nanotubes (MWNTs) consist of multiple rolled 
layers (concentric tubes) of graphene. There are two models that 
can be used to describe the structures of multi-walled nanotubes. 
In the Russian Doll/model, sheets of graphite are arranged 
in concentric cylinders, e.g., a (0,8) single-walled nanotube 
(SWNT) within a larger (0,17) single-walled nanotube. In 
the pachment model, a single sheet of graphite is rolled in around 
itself, resembling a scroll of parchment or a rolled newspaper. 
The interlayer distance in multi-walled nanotubes is close to the 
distance between graphene layers in graphite, approximately 
3.4 Å. The Russian Doll structure is observed more commonly. 
Its individual shells can be described as SWNTs, which can be 
metallic or semiconducting. Because of statistical probability and 
restrictions on the relative diameters of the individual tubes, one 
of the shells, and thus the whole MWNT, is usually a zero-gap 
metal Double-walled carbon nanotubes (DWNTs) form a special 
class of nanotubes because their morphology  and properties are 
similar to those of SWNTs but they are more resistant to chemicals. 
This is especially important when it is necessary to graft chemical 

functions to the surface of the nanotubes (functionalization)  to add 
properties to the CNT. Covalent functionalization of SWNTs will 
break some C=C double bonds , leaving “holes” in the structure 
on the nanotube, and thus modifying both its mechanical and 
electrical properties. In the case of DWNTs, only the outer wall is 
modified. DWNT synthesis on the gram-scale was first proposed 
in 2003[8] by the CCVD technique, from the selective reduction 
of oxide solutions in methane and hydrogen.
The telescopic motion ability of inner shells[9] and their unique 
mechanical properties[10] will permit the use of multi-walled 
nanotubes as main movable arms in coming nanomechanical 
devices. Retraction force that occurs to telescopic motion caused 
by the Lennard-Jones interactionbetween shells and its value is 
about 1.5 nN.[11]

III. Nanobud
 Carbon nanobunds are a newly created material combining two 
previously discovered allotropes of carbon: carbon nanotubes 
and fullerence. In this new material, fullerene-like “buds” are 
covalently bonded to the outer sidewalls of the underlying 
carbon nanotube. This hybrid material has useful properties of 
both fullerenes and carbon nanotubes. In particular, they have 
been found to be exceptionally good file emiter  ] In composite 
materials, the attached fullerene molecules may function as 
molecular anchors preventing slipping of the nanotubes, thus 
improving the composite’s mechanical properties.

IV. Three-dimensional Carbon Nanotube Architectures
Recently, several studies have highlighted the prospect of 
using carbon nanotubes as building blocks to fabricate three-
dimensional macroscopic (>100 nm in all three dimensions) 
all-carbon devices. Lalwani et al. have reported a novel radical 
initiated thermal crosslinking method to fabricate macroscopic, 
free-standing, porous, all-carbon scaffolds using single- and 
multi-walled carbon nanotubes as building blocks [14]. These 
scaffolds possess macro-, micro-, and nano- structured pores and 
the porosity can be tailored for specific applications. These 3D 
all-carbon scaffolds/architectures may be used for the fabrication 
of the next generation of energy storage, supercapacitors, field 
emission transistors, high-performance catalysis, photovoltaics, 
and biomedical devices and implants.
Electrical properties

Band structures computed using tight binding approximation for 
(6,0) CNT (zigzag, metallic), (10,2) CNT (semiconducting) and 
(10,10) CNT (armchair, metallic).
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Unlike graphene, which is a two-dimensional semimetal, carbon 
nanotubes are either metallic or semiconducting along the tubular 
axis. For a given (n,m) nanotube, if n = m, the nanotube is metallic; 
if n − m is a multiple of 3, then the nanotube is semiconducting 
with a very small band gap, otherwise the nanotube is a 
moderate semiconductor. Thus all armchair (n = m) nanotubes 
are metallic, and nanotubes (6,4), (9,1), etc. are semiconducting.
[64] Carbon nanotubes are not semimetallic because the degenerate 
point (that point where the π [bonding] band meets the π* [anti-
bonding] band, at which the energy goes to zero) is slightly shifted 
away from the K point in the Brillouin zone due to the curvature 
of the tube surface, casing hybridization between the σ* and π* 
anti-bonding bands, modifying the band dispersion.
The rule regarding metallic versus semiconductor behavior has 
exceptions, because curvature effects in small diameter tubes can 
strongly influence electrical properties. Thus, a (5,0) SWCNT 
that should be semiconducting in fact is metallic according to the 
calculations. Likewise, zigzag and chiral SWCNTs with small 
diameters  that should be metallic have a finite gap (armchair 
nanotubes remain metallic).[64] In theory, metallic nanotubes can 
carry an electric current density of 4 × 109 A/cm2, which is more than 
1,000 times greater than those of metals such as copper,[65] where 
for copper interconnects current densities are limited by electro 
miigration . Carbon nanotubes are thus being explored as 
conductivity enhancing components in composite materials and 
many groups are attempting to commercialize highly conducting 
electrical wire assembled from individual carbon nanotubes. 
There are significant challenges to be overcome, however, such 
as the much more resistive nanotube-to-nanotube junctions and 
impurities, all of which lower the electrical conductivity of the 
macroscopic nanotube wires by orders of magnitude, as compared 
to the conductivity of the individual nanotubes.
Because of its nanoscale cross-section, electrons propagate 
only along the tube’s axis. As a result, carbon nanotubes are 
frequently referred to as one-dimensional conductors. The 
maximum electrical conductance of a single-walled carbon 
nanotube is 2G0, where G0 = 2e2/h is the conctuance of a single 
ballistic quantum channel .[66]
Due to the role of the π-electron system in determining theelectronic 
properties of graphene , doping in carbon nanotubes differs from 
that of bulk crystalline semiconductors from the same group of 
the periodic table (e.g. silicon). Graphitic substitution of carbon 
atoms in the nanotube wall by boron or nitrogen dopants leads to 
p-type and n-type behavior, respectively, as would be expected 
in silicon. However, some non-substitutional (intercalated or 
adsorbed) dopants introduced into a carbon nanotube, such as 
alkali metals as well as electron-rich metallocenes, result in n-type 
conduction because they donate electrons to the π-electron system 
of the nanotube. By contrast, π-electron acceptors such as FeCl3 or 
electron-deficient metallocenes function as p-type dopants since 
they draw π-electrons away from the top of the valence band.

V. Safety and Health
The toxicity of carbon nanotubes has been an important question 
in nanotechnology. As of 2007, such research had just begun. 
The data is still fragmentary and subject to criticism. Preliminary 
results  highlight  the  difficulties  in  evaluating  the  toxicity  of 
this heterogeneous material. Parameters such as structure, 
size distribution, surface area, surface chemistry, surface charge, 
and agglomeration state as well as purity of the samples, have 
considerable impact on the reactivity of carbon nanotubes. 
However, available data clearly show that, under some conditions, 

nanotubes can cross membrane barriers, which suggests that, if 
raw materials reach the organs, they can induce harmful effects 
such as inflammatory and fibrotic reactions

VI. Conclussion
The discovery of nanotubes remains a contentious issue. Many 
believe that Iijima’s report in 1991 is of particular importance 
because it brought carbon nanotubes into the awareness of the 
scientific community as a whole
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