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2. The transmissions of forty-eight carbon nanotube geometries to form twenty-four intramolecular junctions
between every two carbon nanotubes and two simple carbon nanotubes are also taken for investigating numerically.
These forty-eight carbon nanotubes form three di�erent kinds of intramolecular junctions, which mean that each
sixteen carbon nanotubes are identical to either sixteen carbon nanotubes in all respect, except three di�erent
intramolecular junctions in between them. The three intramolecular junctions, named as circumferential defective
carbon nanotubes, grouped defective carbon nanotubes and distributed defective carbon nanotubes. The nature
of electronic states at the interfaces and in the semiconductor section is analyzed with the help of tight-binding
method. These quantum transmissions have been compared among the di�erent defective carbon nanotubes
and have been correlated with the pentagon and heptagon that formed in the intramolecular junction. It has
been simulated that each pair of semiconductor-semiconductor carbon nanotubes, semiconductor-metallic carbon
nanotubes and metallic-metallic carbon nanotubes transmission a�ect on the presence of junctions pentagons-
heptagons. The least deviations transmission is observed in the circumferential defective carbon nanotubes rather
than in other two and the maximum deviations are seen in the grouped defective carbon nanotubes irrespective
of the joining of the carbon nanotube interface.

PACS: 73.22.�f

1. Introduction

Single-walled carbon nanotubes (SWNTs) are made of
graphite hexagonal carbon�atom lattice shaped into a
cylinder. It has drawn a great deal of interests because
of their fundamental research importance with tremen-
dous potential technical applications [1]. They may be
possibly future molecular electronic devices such as room
temperature single electron and �eld-e�ect transistors
and recti�ers [2�6]. Depending on its helicity and diam-
eter, an SWNT can be either a semiconductor or a metal
[7�10]. Thus two segments of SWNTs with di�erent
diameters and helicities can be connected by introduc-
ing the pentagon-heptagon defects into the perfect hexa-
gonal network. It will create the metal�semiconductor
(M�S), semiconductor�semiconductor (S�S), or metal�
metal (M�M) intermolecular junctions (IMJs) which may
be possibly the building blocks for much smaller elec-
tronic devices than those with conventional semiconduc-
tor technology.
In metallic perfect carbon nanotube, the total trans-

mission of particular armchair carbon nanotube (5, 5) is
taken whose the Fermi energy (E = 0) is equal to two.
There are only two sub-bands per spin at the Fermi en-
ergy, independent of carbon nanotube diameter and chi-
rality. At about 1.75 eV, the transmission jumps from
two to six units because the sub-bands have a degen-
eracy of two as shown with green colour line in Fig. 1.
The total number of sub-bands increases with increasing
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Fig. 1. The sub-bands of carbon nanotube (5, 5) and
its transmission function.

nanotube diameter as the number of quantum numbers
arising from quantization of the electron wave function
around the nanotube circumference also becomes larger.
It is important to note that in case of metallic car-

bon nanotube, the conductance and valence bands have
mirror symmetry at the Fermi energy level where the
sub-bands are denoted by the lines cross (which occurs
at the zero of energy in Fig. 1), and it is independent
of nanotube diameter. These sub-bands are called cross-
ing sub-bands. In case of semiconducting zigzag carbon
nanotube, similar transmissions are shown as represented
in Fig. 2 which are also in steps but they become zero at
the Fermi energy level.
From 1995, the electronic properties of the SWNT

IMJs have been growing number of experimental along
with theoretical studies [11, 12]. It is pointed out that a
pentagon-heptagon pair with a symmetry axis nonparal-
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Fig. 2. The sub-bands of carbon nanotube (5, 0) and
its transmission function.

lel to the tube axis could modify the nanotube helicity
by one unit from (n,m) to (n+ 1, m−1) by Chico et al.
[13, 14]. Some researchers gave general features of the
IMJs in the zigzag con�guration [15]. Such kinds of stud-
ies recommended that these arrangements could function
as nanoscale electronic devices prepared entirely of car-
bon atoms. Even though great progress in the IMJ re-
search has been made, yet there are lots of experimental
with theoretical uncertainties about the close relation-
ships between their physical properties and the corre-
sponding geometrical structures.
In recent times, Ouyang et al. calculated the (21, −2)/

(22, −5) and (11, 8)/(9, 6) IMJs by using scanning tun-
neling microscopy (STM), which gave clear experimen-
tal con�rmation of the SWNT IMJs [16]. He explained
that the M�S IMJ has an electronically sharp interface
without the localized junction states while a more ex-
tended interface in addition to low-energy localized states
are found in the M�M IMJ [16]. They proposed several
atomic models to simulate their observed experimental
data results.

2. Model

To build models of the IMJs, the defected carbon nano-
tube DCNT (n, m) indices that correspond to a speci�c
combination of d and θ [17] were determined by using
an iterative projection matching method [18]. IMJs can
be understood by interposing one or multipose topogical
junctions (IMJs) formed by interposing one or multiple
topologic pentagon�heptagon (5�7) defects in the normal
hexagonal structure of two carbon nanotubes segments
with di�erent helicity. Some of the theoretical studies of
the electronic properties of model DCNT propose that
these structures could function as molecular-size M�S,
M�M, or S�S building blocks with healthy solid-state
behavior.
Taking the same idea here, we considered forty-eight

carbon nanotube geometries to form twenty-four in-
tramolecular junctions between every two carbon nano-
tubes. These carbon nanotubes forming three di�erent
kinds of the Stone�Wale defect form intramolecular junc-
tions, which mean each sixteen carbon nanotubes, are
identical to either sixteen carbon nanotubes in all re-

spect, except three di�erent intramolecular junctions in
between them.

Fig. 3. Intramolecular junction of circumferential (a),
distributed (b), and grouped (c) DCNT between 6 × 3
and 6× 3, respectively.

The three intramolecular junctions named as circum-
ferential defective carbon nanotubes, grouped defective
carbon nanotubes and distributed defective carbon nano-
tubes as shown in Fig. 3 with the pair of indices (n, m).
In the circumferential defective carbon nanotubes the
pentagon and heptagon is formed more in the circumfer-
ence of the joining of the two carbon nanotubes as shown
in Fig. 3a while in the distributed defective carbon nano-
tubes these pentagon and heptagon are arranged in the
di�erent site on the carbon nanotube as shown in Fig. 3b.
In the grouped defective carbon nanotubes the pentagon
and heptagon grouping is main formed in one side of mid-
dle of junction of carbon nanotube as shown in Fig. 3c.
Defective carbon nanotubes, the pentagon and heptagon,
is formed at di�erent sites of the carbon nanotubes.
The con�guration of di�erent carbon nanotubes are

used in the paper with three di�erent intramolecular
junctions as follows but only pictures of each circum-
ferential DCNT are shown because of large number of
DCNTs.

1. Semiconductor (5, 3) � semiconductor (5, 3) radii,
2.74 Å and 266 number of atoms respectively. As
shown in Fig. 4a.

2. Semiconductor (5, 4) � semiconductor (5, 4) radii,
3.06 Å and 294 number of atoms respectively. As
shown in Fig. 4b.

3. Metallic (6, 3) � metallic (6, 3) radii, 3.11 Å,
3.11 Å, respectively and 304 number of atoms. As
shown in Fig. 3a and Fig. 4c.

4. Semiconductor (6, 4) � semiconductor (6, 4) radii,
3.11 Å and 332 number of atoms respectively. As
shown in Fig. 4d.

5. Semiconductor (6, 4) � metallic (6, 3) radii,
3.11 Å, 3.41 Å, respectively and 314 number of
atoms. As shown in Fig. 4e.
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Fig. 4. Intramolecular junction of circumferential
DCNT between (a) � (5, 3) and (5, 3), (b) � (5, 4)
and (5, 4), (c) � (6, 3) and (6, 3), (d) � (6, 4) and
(6, 3), (e) � (6, 4) and (6, 4), (f) � (7, 3) and (7, 4),
(g) � (7, 4) and (7, 4), and (h) � (8, 4) and (8, 4),
respectively.

6. Semiconductor (7, 3) � metallic (7, 4) radii,
3.48 Å, 3.77 Å, respectively and 353 number of
atoms. As shown in Fig. 4f.

7. Metallic (7, 4) � metallic (7, 4) radii, 3.77 Å,
3.77 Å, respectively and 364 number of atoms. As
shown in Fig. 4g.

8. Semiconductor (8, 4) � semiconductor (8, 4) radii,
4.14 Å and 406 number of atoms respectively. As
shown in Fig. 4h.

In some given pairs of indices, all the three defective
carbon nanotubes form the same defective structure that
makes the transmission through each defective carbon
nanotube exactly the same. It is because the defec-
tive carbon nanotubes have the same quantum states for
�xed indices which match the experimental data. For the
semiconducting and metallic portions, various indices are

used such as (5, 5) and (7, 4), respectively. Here each
nanotube 20 Å, almost the same radii, is used with to-
tal length 40 Å. The energy grid of di�erent nanotube
is used 12 eV and ±2 eV at the lower and upper bound
of nanotube respectively. SWNT segments with these in-
dices can be joined faultlessly along a common axis using
di�erent con�gurations of 5�7 defects.
Two perfect carbon nanotubes are taken according to

Rashid et al. (armchair and zigzag carbon nanotubes) to
explain the transmission through them so that simulation
of DCNT can be understood easily [22].

Fig. 5. MOSFET structure involves a channel made of
DCNT structure.

The simulation of carbon nanotubes transmission con-
sisting of MOSFET like structure involves a channel
made of CNT structure as shown in Fig. 5. It is con-
nected with two electrodes: a source and a drain. An
insulating thin �lm, usually silicon dioxide, separates the
channel, source, and drain from a third electrode called
the gate (G), as pictured schematically. By applying a
voltage Vgs between the gate and source, the conductance
of the semiconducting channel can be modulated. Charge
carriers (electrons or holes) traveling between source and
drain encounter a material- and structure-dependent en-
ergy barrier in the bulk of the semiconductor. Each time
di�erent DCNT is used in the form of channel in the
MOSFET structure.

3. Simulation details

The electronic structure of a CNT can be acquired from
that of graphene. The wave vector related with the chiral
vector Ch, in the circumferential direction gets quantized.
On the other wave-vector associated, the direction of the
translation vector T along the CNT axis remains con-
tinuous for an in�nite carbon nanotube. These are the
boundary conditions of the carbon nanotube.
Various low-energy structural models are shown

(Figs. 3 and 4), which have been optimized using molec-
ular mechanics energy minimization. It is possible to
evaluate the possibility of these atomic models by cal-
culating the local electronic density of states (DOS) and
comparing these with experiment [16]. But very few ex-
periments have been done to join the di�erent various
carbon nanotubes. The simulation of each intramolec-
ular junction is done, that contain 1000 energy points
included on the both grids. The system is described by a
simple tight-binding Hamiltonian with constant nearest
neighbour.
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In this study, the same parameter of hexagon of carbon
nanotube is used for the bonds of the pentagon�heptagon
pairs of defective carbon nanotube. For a more accurate
model, parameters �tted from tight-binding calculations
should be used. The Hamiltonian is divided into two
blocks corresponding to two semiconductors nanotube or
semiconductor�metallic nanotubes or two metallic nano-
tubes as shown in di�erent �gures. The DOSs is com-
puted using the standard recursion technique [20]. The
transmission function can be expressed in terms of the
Green functions of the carbon nanotubes and coupling of
the carbon nanotubes to the contact electrodes [16�18]:

T = Tr[Γ1G
rΓ2G

a], (1)
where Gr,a are the retarded and advanced Green func-
tions of the carbon nanotube and Γ1,2 are functions that
describe the coupling of the carbon nanotube to the elec-
trodes. Firstly we calculate the Green function of the
carbon nanotube of the whole system

ϵ−H = I, (2)
where ϵ = E+iη with arbitrary small and I is the identity
matrix. Here the Hamiltonian of the system is expressed
in a discrete real space matrix representation that con-
sists of the carbon nanotube and the semi-in�nite elec-
trodes. The above Green functions are divided into sub-
-matrices that correspond to the individual subsystems, GL GLC GLCR

GCL GC GCR

GLRC GRC GR



=

 ϵ−HL hLC 0

h†
LC ϵ−HC hCR

0 h†
CR ϵ−HR


−1

. (3)

Here the matrix ϵ−HC represents the �nite isolated car-
bon nanotube, ϵ−HL,R represents the coupling matrices
that will be nonzero only for adjacent points in the car-
bon nanotube and the electrodes, respectively. Then GC

can be easily calculated [18]:

Gr,a(E) = [ϵ−Hs − Σ r,a
1 (E)− Σ r,a

2 (E)]
−1

, (4)

where Σ r,a
1 = h†

LCgLhLC and Σ r,a
2 = h†

CRgRh
†
CR de�ned

as the self-energy terms due to the semi-in�nite electrode
and g{L,R} = (ϵ−H{L,R})

−1 are electrodes' Green's func-
tions. The self-energy terms can be considered as e�ec-
tive Hamiltonians that arise from the coupling of the car-
bon nanotube with the electrodes. By knowing the Green
functions, the coupling functions Γ1,2 can be easily ob-
tained as [18]:

Γ1,2(E) = i
[
Σ r

1,2(E)− Σ a
1,2(E)

]
, (5)

where Σ a
1,2(E) and Σ r

1,2(E) are the advanced Hermitian
self-energy and the retarded Hermitian self-energy which
is the conjugate of the advanced Hermitian self-energy
[19�21].

4. Results and discussion

The distinctive band structure of metallic carbon nano-
tubes is partially responsible for their excellent current

carrying capacity that makes di�erent from the electronic
band structure of conventional metals. The transmission
versus energy is an important feature of the electronic
band structure of metallic carbon nanotubes that are
necessary to understand their current�voltage character-
istics. The numbers of carbon atoms chosen are taken
large enough to avoid the e�ects of the dangling π bonds
at the edges of the junctions. We performed a tight bind-
ing (TB) calculation at nearly each intramolecular junc-
tion of defective carbon nanotubes.
The transmission versus energy through di�erent in-

tramolecular junction carbon nanotubes are shown in
Figs. 6�13. The band structure shows various sub-bands
that arise from quantization of the wave vector around
the circumference of the carbon nanotube irrespective of
nature of carbon nanotube structure. The total trans-
mission at a given electron energy is equal to the elec-
tron transmission probability times the number of chan-
nels but in case for perfect carbon nanotube the trans-
mission without scattering (i.e. transmission probability
equal to 1) is simply equal to the number of channels.
So the total transmission shows di�erent curves when a
sub-band opens or closes. The magnitude of the change
in transmission at these curves represents the sub-band
degeneracy of the band structure. For example, the dif-
ferent colour lines are not degenerate sub-bands as shown
in the �gure and each contributes one channel for trans-
mission in case of defective carbon nanotube.

Fig. 6. Transmission through the intramolecular junc-
tions DCNT between (5, 3) and (5, 3).

For example, the di�erent colour lines and the dashed
lines are not degenerate sub-bands as shown in the �g-
ures and each contributes one channel for transmission in
simple carbon nanotube and defective carbon nanotube,
respectively.
For simpler understanding the e�ect of the pentagon�

heptagon on transmission in the defective carbon nano-
tube only the local defective part transmission are taken.
So the transmission is simulated at the junction of carbon
nanotubes (DCNTs) where the pentagon�heptagons are
found in the defective carbon nanotube con�guration.
Some more important feature that come into light

about the defective carbon nanotube interfering of the
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Fig. 7. Transmission through the intramolecular junc-
tions DCNT between (5, 4) and (5, 4).

Fig. 8. Transmission through the intramolecular junc-
tions DCNT between (6, 3) and (6, 3).

junction by these simulations as follows:
1) The position of the localized states above and below

the Fermi energy level may be controlled with the dis-
tribution of the defect pairs (pentagons�heptagons) and
the hexagons around the defects in the defected carbon
nanotube.

Fig. 9. Transmission through the intramolecular junc-
tions DCNT between (6, 4) and (6, 3).

Fig. 10. Transmission through the intramolecular
junctions DCNT between (6, 4) and (6, 4).

Fig. 11. Transmission through the intramolecular
junctions DCNT between (7, 3) and (7, 4).

2) The more hexagons around the defects, the less
curved are obtained in the transmission and become step-
wise transmission.
3) Due to the complex correlation involving in the de-

fect structures and the electronic properties, other factors
such as the bond lengths of topological defects may be

Fig. 12. Transmission through the intramolecular
junctions DCNT between (7, 4) and (7, 4).
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Fig. 13. Transmission through the intramolecular
junctions DCNT between (8, 4) and (8, 4).

also taken into account.
4) Each pair of semiconductor�semiconductor car-

bon nanotubes, semiconductor�metallic carbon nano-
tubes and metallic�metallic carbon nanotubes transmis-
sion a�ect on the presence of pentagons�heptagons. It is
observed that there are less �uctuations in the circum-
ferential defective carbon nanotubes than in other two,
among all types of defective carbon nanotubes.
5) The transmission coe�cient of conduction band al-

ways simulated less than the transmission coe�cient of
valence band in each intramolecular junction irrespective
of the joining of carbon nanotubes.
6) The maximum �uctuations in transmission are seen

in the grouped defective carbon nanotubes and the least
are obtained circumferential defective carbon nanotubes
irrespective of the joining of the carbon nanotube inter-
face.
7) Some joining of the carbon nanotubes have the same

quantum con�guration structure irrespective of the de-
fect following the three degeneracy states and thus ob-
tain the same transmission for the all the defective car-
bon nanotubes as in Fig. 7. On the other hand, in some
case one of degeneracy states gets separated out from the
other degeneracy states as shown in Figs. 9 and 10, thus
there follow two di�erent transmissions for a given pair
of defective carbon nanotubes indices. One transmission
obtained from one state is di�erent for other, the same
two given degeneracy states of defective carbon nanotube
degeneracy states.
8) It is interesting to note that when two chiral metallic

nanotubes are joined by di�erent defects, the transmis-
sion is reduced in each defective carbon nanotube and
even in the circumferential defective carbon nanotube
case, it comes to zero as shown in Figs. 6, 7, 9�11, and 13,
respectively. This is because the pentagon�heptagons are
more e�ective for this particular quantum con�guration
structure. While in other case all defective carbon nano-
tubes a�ect on the transmission, but circumferential de-
fective carbon nanotubes a�ect least and the grouped de-
fective carbon nanotubes are the most of the type quan-
tum con�guration structure.

The total number of sub-bands increases with increas-
ing nanotube diameter, as the number of quantum num-
bers arising from quantization of the electron wave func-
tion around the nanotube circumference also becomes
larger. The occupied valence states of the IMJ seem to
be mainly a�ected by the presence of the shared bond
between pentagon�heptagons in each defective carbon
nanotube. In each case of defective carbon nanotube, the
greater is the number of pentagon�heptagons found in
the defective carbon nanotube con�guration, the greater
variation is observed in occupied valences states of irre-
spective defective carbon nanotube. However, the num-
ber of the defective states below the Fermi level does
not equal the number of the shared bonds between the
pentagon�heptagons.
It is observed that the conductance and valence bands

have di�erent shapes transmission across the Fermi en-
ergy level where the sub-bands are denoted by the lines
cross and become energy zero in each chiral semiconduc-
tor carbon nanotube with small diameter of carbon nano-
tube. These sub-bands are called crossing sub-bands.
The di�erent shapes transmission across the Fermi en-
ergy level lie because defective carbon nanotube have
bond between pentagon�heptagons at the Fermi level
and carbon nanotubes are extremely sensitive toward the
bonding between the carbon atoms.
The location of the wave vector k of defective carbon

nanotube changes with carbon nanotube chirality where
the crossing occurs. There are only two sub-bands per
spin at the Fermi energy, independent of carbon nano-
tube diameter and chirality. It should be noted that the
chiral semiconducting sub-bands are also referred to as
non-crossing sub-bands as well as crossing sub-bands de-
pending on the indices (n, m). For a given indices (n, m)
carbon nanotube, n−m is exactly divisible by 3, then
the carbon nanotube is metallic where carbon nanotubes
with residuals 1 and 2 of the division n−m by 3 are
semiconducting.
For a (n, m) carbon nanotube, n�m is exactly divisible

by 3, then the carbon nanotube is metallic where carbon
nanotubes with residuals 1 and 2 of the division n�m by 3
are semiconducting. It is observed that the transmission
of defective carbon nanotubes remains constant at the
Fermi level for given pair of indices in each chiral carbon
nanotube. Every chiral semiconductor carbon nanotube
transmission become zero at the Fermi energy level in the
transmission-energy graph irrespective on the number of
carbon nanotube defects while the transmission of chiral
metallic carbon nanotubes may get zero depending on the
number of pentagons�heptagons in the defective carbon
nanotube. The greater number of pentagons-heptagons
in the defective carbon nanotube leads to the transmis-
sion zero and a�ects the conductivity of the carbon nano-
tube and vice versa.

5. Conclusion

It is observed that the carbon nanotube is very sen-
sitive towards the atomic structure of their atoms in
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the carbon nanotubes, and position of the localized
states above and below the Fermi energy level may
be controlled with the distribution of the defect pairs
(pentagons�heptagons) and the hexagons around the de-
fects in the defected carbon nanotube. As the con-
�guration of carbon nanotubes contain more hexagons
around the defects, the less curved ones are obtained
in the transmission and become stepwise transmission.
The con�guration of defective carbon nanotubes involve
the complex correlation, so the bond lengths of topo-
logical defects are taken into account. Besides each
pair of semiconductor�semiconductor carbon nanotubes,
semiconductor�metallic carbon nanotubes and metallic�
metallic carbon nanotubes transmission a�ect on the
presence of pentagons�heptagons. The transmission co-
e�cient of conduction band always simulated less than
the transmission coe�cient of valence band in each in-
tramolecular junction irrespective of the joining of carbon
nanotube. The maximum variations in transmission are
seen in the grouped defective carbon nanotubes and the
least is obtained circumferential defective carbon nano-
tubes irrespective of the joining of the carbon nanotube
interface. It is further observed that some joinings of the
carbon nanotubes have the same quantum con�guration
structure irrespective of the defect following the three
degeneracy states and thus obtain the same transmission
for the all defective carbon nanotubes as in the �gures.
On the other hand, in some case one of degeneracy states
gets separates out from the other degeneracy states and
thus follows two di�erent transmissions for a given pair
of defective carbon nanotubes indices. One transmission
obtained from one state is di�erent for other, the same
two given degeneracy states of defective carbon nanotube
degeneracy states.
It is interesting to note that when two chiral metallic

nanotubes are joined by di�erent defects, the transmis-
sion is reduced in each defective carbon nanotube and
even in the circumferential defective carbon nanotube
case, it becomes zero. This is because the pentagon�
heptagons are more e�ective for this particular quantum
con�guration structure. In all type of quantum con�gu-
ration structures, each defective carbon nanotubes has an
e�ect on the transmission, but this e�ect is seen the least
in case of circumferential carbon nanotubes and maxi-
mum in grouped defective carbon nanotubes.
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