




In this case, the coupling effect between the two adjacent 
tubes and the centred SWCNT appears to be uniform as 
presented in Fig. 3(a). 

Then an external electrical field of 10 V/m is applied in the 
x direction, the coupling distribution varies with the field 
direction as shown in Fig.3 (b). It is observed that when 
applying electric field the coupling is maximized along the 
tubes in the direction of the electrical field as presented in 
Fig.3(c) where the electric field is applied in the y-direction. 

In the second case, the three nanotubes are now parallel to 
each other along the x-axis and is referred as configuration A 
shown in Fig. 4. Similarly to the previous case, all tube 
diameters are 1.4nm and the distance separating them is fixed 
to 3.4Å. Again in the absence of an external electric field, the 
coupling is uniformly distributed, Fig. 4(a).  The second case 
depicted in Fig. 4(b) shows the coupling distribution with the 
presence of an external electric field along the x-axis from left 
to right. It should be noted that the applied electric field 
greatly enhances the coupling between the two tubes on the 
left along the field direction.  

The third case shows a centered s-SWCNT surrounded by 
six peripheral s-SWCNTs and is referred as configuration B 
configuration B. Again all tubes 1.4nm wide and equidistant 
by 3.4Å.  

Without external electric field, the coupling effect 
occurring along the s-SWCNT is equally distributed between 

(a) 

(b) 
Fig. 4 Configuration A: Coupling effect distribution between three 
parallel s-SWCNT; (a) in the absence of an external electric field, 
(b) with the presence of an external electric field applied along x-
axis from left to right. 

 

the nanotube at the centre and its adjacent ones. It should be 
noted that less coupling occurs among the out of centre ones 
as shown in Fig. 5 (a).   Then an external electric field is 
applied along x-direction from left to right to redistribute the 
localized coupling among the carbon nanotubes bundle as 
shown in Fig.5 (b). 

In order to clearly understand the effect of the coupling 
between the adjacent tubes on the electrical and optical 
properties, the difference of the energy band gap due to the 
contribution of the coupling effect is calculated: 

 (4) 

To calculate the energy band gap for the proposed 
configuration accounting the influence of the electric field, 
Schrödinger’s equation is modified according to [11]: 
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where e is the electron charge, F is the electric field applied 
along the x-axis expressed in cylindrical coordinates.  
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Fig. 5 Configuration B: Coupling effect distribution between seven 
adjacent s-SWCNT; (a) in the absence of an external electric field, 
(b) with the presence of an external electric field applied along x-axis 
from left to right. 
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Fig. 6 (a) shows the energy band gap variation versus the 
distance separating the semi-conducting single-walled carbon 
nanotubes considering configuration A and B. When the 
carbon nanotube are close to each other, the contribution of 
the coupling effect becomes non negligible. As expected the 
coupling effect is highly dependent of the distance separating 
the nanotube. The energy band gap is reduced from 50meV to 
5meV when the distance between the nanotubes in 
configuration A and B increases from 3.4Å to 15Å.  It should 
be mentioned that no noticeable effect occurs based on the 
different configurations. In fact, the coupling effect is equally 
distributed between the numbers of SWCNTs in the absence 
of an external electrical field. Fig. 6 (b) presents the energy 
band gap distinction in the existence of an external applied 
electric field for both configurations. Applying the electric 
field clearly enhances the coupling between the s-SWCNTs 
and; hence, the energy band gap change is 20% more than the 
case where there no electric field. 
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Fig. 6 the change in the energy band gap for both configurations A and 
B (a) with no electric field applied, (b) with an electric field applied 
along x-axis. 

IV. CONCLUSION 
A comprehensive study of the coupling effect between 

semi-conducting single-walled carbon nanotube is 
demonstrated considering different configurations. In the 
absence of an external electric field, the coupling between the 
nanotubes is equally distributed among the SWCNT in the 
bundle. Then by applying an external electric field, our data 

show that not only the coupling is now localized between the 
first nanotubes encounter by the electric field along its 
direction, but also the energy band gap of the bundle is greatly 
enhance. This is an important property for terahertz or far 
infrared optical applications where the development of 
devices in this spectrum is limited by the current 
semiconductor material properties. Finally, the potential to 
tune or reduce the energy band gap of semiconducting single-
walled carbon nanotube can improve solar cell efficiency by 
enlarging the absorption spectrum compared to the current 
technology. 
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