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Abstract 

 

 In this article a simple model is developed for the study of the charge distribution as a result of induced electric po-

tential to a typical single wall carbon nanotube material. By solving such a system of equations numerically, the 

important parameters such as the induced charge at each atom and total charge are investigated. Charge distribution 

for the open-ended armchair (5,5) type carbon nanotube is computed as a function of the axial position of the atoms 

for different nanotubes. The effect of the carbon nanotube length variation is considered for the charge study in this 

article. Charge on each atom for the given armchair type carbon nanotube in infinite space having 110 atoms (L = 

1.2 nm), 820 atoms (L = 10 nm), 1630 atoms (L = 20 nm), 2450 atoms (L =  30 nm), and 3260 atoms (L =  40 nm) 

at the induced electric voltage of 3.5 V are computed by the given model and results are compared.  
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1. Introduction 
 

 For long time quartz has been one of the most impor-

tant single crystals serving as transduction element in 

piezoelectric (PZT) sensor and actuator devices. Be-

side mentioned material recently carbon nanotube 

materials have shown a great potential to be used as 

sensors and actuators [1-5]. In general there are two 

types of namely single-wall (SWNT) and multi-wall 

nanotubes (MWNT), which have different structural 

characteristics. Single wall nanotube consists of a 

sheet of graphene (graphite) that is wrapped into a 

cylindrical tube. Multiwall nanotubes consists of an 

array of such SWNTs, which are concentrically ar-

ranged like rings of a tree trunk. However in spite of 

structural similarity of SWNT to that of graphite sheet, 

which is a semiconductor with zero gap, the SWNT 

can be either metallic or semiconducting, depending 

on the sheet direction about which graphene is rolled 

to form the cylinder tube.  

In recent years research and development in the 

microelectro-mechanical systems (MEMS) area has 

shown a rapid growth. The micrometer-scale machin-

ing capability of MEMS into millimeter-scale inch-

worm as actuators to achieve large transnational force 

as well as large displacement is reported. Also devel-

opment of mesoscale actuation derive (MAD) is pro-

posed using the sliding surface of the inchworm de-

vice that is micromachined from silicon wafers. Such 

advancements in the MEMS design, and development 

in the manufacturing process paved the way for the 

development of the nano-eletromechanical systems 

(NEMS). The goal of this study is to find out how 

distribution of charge occurs in the presence of an 

electric field in different single wall carbon nanotube 

(CNT) structures and what is the optimum structure 

and the tube length value for such charge distribution 

that can be important in electro-mechanical considera-

tions. The aim  is to show how the  single wall carbon 

nanotube (CNT)  length  and its position in the field 

affects the extra charges on the carbon atom structure 

and involved forces that can cause  such dimensional 

changes, in particular, the elongation of the  carbon 

nanotubes. Such information is very important factor 

in the design and operation of the carbon nanotube 

actuators and sensors.  

 

2. Theory of charge distribution 

 

The characteristic of a nanotube depends on the chiral 

vector defined by two integers (N,M), and the chiral 

angle. The armchair is defined when N = M, the zig-

zag is for the case that M is zero and N is nonzero. 

When both integers are nonzero and unequal then na-

notube is recognized as chiral type. All armchair 

SWNTs   have the metallic properties, and those with 

N-M = 3k (where k is a nonzero integer) are semicon-

ductors with a small gap. All other types are semicon-

ductor character with a band gap, which is inversely 

proportional to the nanotube diameter [6,7]. However 

to excite the CNT materials it is required to apply an 

external electric field or voltage, which causes redi-

stribution of the charges in the CNT materials. Me-

chanical and electromecanical coupling in carbon na-

notube  distortions as a resut of such induced fields  
are important issues and have been investigated in 

different references [8-10]. 
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To calculate the charge distribution on a CNT 

mostly density function theory (DFT) [11] and clas-

sical electrostatic theory [12] are used in computa-

tions. In electrostatic analysis consider an open-end 

nanotube with n atoms  in an infinite space. For a con-

ductive CNT when it is placed in the external electric 

field the induced charges are distributed on its outer 

surface. Due to strong attraction of nucleus, the charge 

distributed in the vicinity of a carbon atom can be as-

sumed to be concentrated at the atom. Therefore, the 

CNT becomes a charge carrier with point charges at 

the position of the carbon atoms, the point charges on 

the atoms are given by qj, (j=1,2,…,n), the potential at 

an arbitrary atomic position is given by 

 

𝑉 𝑟𝑖 =  
𝑞𝑗

4𝜋𝜀0 𝑟𝑖 − 𝑟𝑗  

𝑛

𝑗=1

 ,                                            (1) 

 

where V is the electric potential, 𝑟𝑖  denotes the posi-

tion of the atom of interest, 𝑟𝑖  represents the position 

of the charged atom.  𝜀0 is the permittivity of vacuum 

equal to 8.85 × 1012  𝐶2 𝑁𝑚 . For equipotential case 

n equations can be written in a matrix form 

 

 𝐴  𝑞 =  𝑉0 ,                                                                   2  
 

where {q} and  𝑉0  are the charge vector and the po-

tential vector, respectively and [A] is the n × n order 

matrix with the elements given by 

𝑎𝑖𝑗 =
1

4𝜋𝜀0 𝑟𝑖 − 𝑟𝑗 

=
1

4𝜋𝜀0  𝑥𝑖 − 𝑥𝑗 
2

+  𝑦𝑖 − 𝑦𝑗 
2

+  𝑧𝑖 − 𝑧𝑗 
2

, 

          (3) 

 where x, y and z are the Cartesian coordinates of the 

carbon atom under study. Eq. 3 is not suitable for di-

agonal elements because of singularity and for calcu-

lation of diagonal elements other methods must be 

used. Following the analysis given by Li and Chou 

[12] and consider electric charge distributed on a tri-

angular area surrounding a carbon atom the electric 

potential  effecting on an atom at the center of the 

triangle is given by 

 

𝑉 𝑟𝑖 𝑖 =  
𝑞𝑖 𝑆 

4𝜋𝜀0 𝜉2 + 𝜂2
𝑆

 𝑑𝜉𝑑𝜂,                              (4) 

 

where s is the area of triangle that can be written as 

 

𝑠 = 3 3𝑏2 4 ,                                                                 (5)  
 

and in Eq. 5 b = 0.142 nm for the carbon bond length 

is used. The charge density on this triangle is given by 

𝑑 = 𝑞𝑖 𝑠 . The diagonal elements are determined from 

the relation 

𝑎𝑖𝑖 =
1

4𝜋𝜀0

 
1

 𝜉2 + 𝜂2
𝑆

 𝑑𝜉𝑑𝜂,                                   (6) 

 

with a closed form of  

 

𝑎𝑖𝑖 =
𝑏 3 ln 2 +  3 

4𝜋𝜀0𝑠
.                                                  (7) 

 

However it must be pointed out that the given formu-

lae are for the case of open-ends CNTs and  charge 

modification is needed for the one-end with cap or 

both ends with caps. By computing the amount of 

charge at each atom by solving the linear system of 

Eq. 2 the total charge on the CNT as a result of the 

electric potential V0 is given by 

 

𝑄 =  𝑞𝑖

𝑛

𝑖=1

.                                                                        (8) 

 

The model of nanotube in the infinite external elec-

tric voltage is considered  here for the reported numer-

ical analysis of the charge distribution on atoms.  A 

two open-end CNT with its axial axis z parallel to a 

ground plate placed at infinite distance from the nano-

tube is considered in this modeling. We refer to this 

case as a nanotube in an infinite space.    

 

3. Computational procedure and results 

 

 As described, in order to estimate the charge distribu-

tion and controlling parameters in the nanotube mate-

rials a simple model is developed and resulting equa-

tions are solved numerically by using different pro-

grams. Using the given algorithms computations are 

performed according to the procedures shown in the 

flowchart of Fig. 1. By using the CNT modeler pro-

gram the Cartesian coordinate of the specific CNT 

with the given chiral numbers are determined. The 

atom coordinates determined are used along with the 

other inputs in the MATLAB program for the charge 

distribution calculations. The results of MATLAB 

program are plotted and the end operation is per-

formed by MATLAB and this function stops the pro-

cedure of the numerical calculations. 

 As described in the first stage of computations the 

Cartesian coordinates of the carbon nanotube is ob-

tained by using the program operating as a nanotube 

modeler. The inputs of this program are the chiral 

numbers N and M, and the carbon bond length. By 

running this program the values of x, y, and z posi-

tions of the atoms in the unit cell of the tube are ob-

tained and used for the second stage of calculations. 

The outputs are used in another program using 

MATLB software to calculate the diagonal and non-

diagonal elements of the electric potential. The input 

values for the MATLAB program are carbon bond-

length, b, electron charge, e, and the applied voltage 
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V0. The computational results for different charges 

and CNT parameters are discussed in this section. 

 

 
 

Fig.1. Flowchart for the computation procedures in the 

first and second stages. 

As described in the introduction part it is  impor-

tant to find out how distribution of charge occurs in 

the nanotube in the presence of an electric field in  

relation to the position of the tube with respect to the 

applied electric field and what is the optimum struc-

ture and the tube length value for such charge distribu-

tion. Thus position of the single wall carbon nanotube 

(CNT) and its length are important parameters that are 

considered in this computation. The tube length ef-

fects the extra charges on the carbon atoms that can 

cause dimensional changes, in particular, the elonga-

tion of the nanotubes. Such information is very impor-

tant factor in the design and operation of the carbon 

nanotube actuators and sensors and therefore is chosen 

as a crucial variable in this study.  

In this study charge distributions for the open-

ended single wall armchair (5,5) CNT are computed as 

a function of the axial position of the atoms for differ-

ent tube lengths. In order to check our results with 

other works the same length values selected in Ref. 

[12] are used in this study. Fig. 2 shows these parame-

ters for the armchair type CNT having 110 atoms with 

a short length of L = 1.2 nm. Results shown in Fig.2 

are for the case that nanotube is in an infinite space 

and the applied electric voltage is 3.5 V. The vertical 

axis shows the charge on each atom in unit of electron 

charge (1.6 × 10
-19 

C). As can be seen the amount of 

charge for the two ends of the tube is about 0.03 in the 

given electron charge unit while for the center atoms 

the charge is about 0.007 electron charge unit. 

 
 

Fig. 2. Distributed charge at atom as a function of atom 

position for the armchair CNT having 110 atoms with a 

short length of L = 1.2 nm. 

 

The effects of the CNT length on the induced 

charges are performed for L = 10, L = 20 and L =  30 

and L = 40 nm, respectively. In Fig.3 the charge pa-

rameter is plotted for a similar CNT and applied elec-

tric voltage of 3.5 V in infinite space with a length of 

L = 10 nm with total of 820 atoms. The charge on 

each atom at two ends of the open-end nanotube at 

distances of about  5 nm is about 0.025 unit of the 

electron charge while it reduces to about 0.005 of the 

electron charge on the atoms in the central portion of 

the tube. As shown in Fig. 3, the same behavior for the 

charges distributed on the atoms at ends of the tube 

with respect to the atoms in the central portion of the 

tube is observed in this case. However, since the total 

charge is constant the amount of charge per atom in 

the case of L = 10 nm is slightly smaller than the short 

length (L = 1.2 nm) tube as shown in Fig. 2. For the 

short length CNT of 1.2 nm (110 atoms) the average 

charge on end atoms is about 0.03 unit whereas for the 

tube length of L = 10 nm (820 atoms) the amount of 

charge on each end atom is  about 0.025 unit in the 
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given scale. The total charge calculated for this case is 

about 20 e, which is in agreement with the results re-

ported in Ref. [12], which verifies the precision of the 

reported method. 

The distributed charge at each atom as a function 

of atom position for a similar armchair (5,5) CNT with 

a length of L = 20 nm and total atoms of 1630 in com-

putations is also shown in Fig.  3. A similar calcula-

tion is done for the case of CNT with a total atom of  

2450 having a length of 30 nm and the results are also 

shown in Fig. 3. For this length range (20-30 nm) of 

CNT similar behaviors as shown in Fig. 3 are ob-

served.  

      Figure 3 also shows the  distributed charge on each 

atom for a similar CNT type and applied electric vol-

tage of 3.5 V in infinite space with a relatively large 

tube length of L = 40 nm (3260 atoms). The charge on 

each atom at two ends of the nanotube at distances of 

about  20 nm is about 0.022 unit of the electron 

charge while it reduces to about 0.004 of the electron 

charge on the atoms in the central portion of the tube. 

As shown in Fig. 3, the same behavior for the charges 

distributed on the atoms at ends of the tube with re-

spect to the atoms in the central portion of the tube is 

observed in this study similar to the previous cases. 

Similarly, since the total charge is constant the amount 

of charge per atom in this case is smaller than the 

shorter length tubes as shown in Fig. 2.  

In order to compare the CNT length effect on the 

induced charge it is more suitable to show all the re-

lated results on the same figure.  Such comparison is 

displayed in Fig. 3, for five different CNT lengths. In 

comparing the resulted curves one can see a symme-

trical curves with the symmetry axis positioned at z = 

0  and the charge value on atoms is exactly the same 

for the  z values, because of symmetrical geometry 

of the open-end tube.  In comparing the curves, it is 

noted that by increasing the nanotube length for the 

larger lengths atoms experience  lower charges. Com-

pare charge per atom value 0.03 unit for the L = 1.2 

and value of 0.022 unit for the length L = 40 nm. On 

the other hand, for all tube length values given in Fig. 

3, the atoms located at two ends of the tube have larg-

er charges in comparison with the atoms located at the 

central portion of the CNT tube.  

Our results have shown that the amount of distri-

buted charge on each atom depends on the nanotube 

type, tube length, tube radius, and nanotube position in 

the electric field. It can be seen that the charge distri-

butions at the tube ends as wall as the rest of the tube 

length gradually decrease with increasing nanotube 

length. There exists a logarithmical increase of the 

tube end atom charge with the nanotube length. It also 

verifies that for the two open-end geometry the in-

duced charges on the atoms located at two ends are 

much higher than those located in the central portion 

of the tube. For example as described for a tube length 

of 40 nm the amount of charge on atoms located at the 

position of –20 nm and +20 nm in axial direction is 

almost 4 times of the central portion atoms, which 

experience almost a small and uniform charge distri-

bution.  

      Now it is worthwhile to compare our computation 

results with other reported results. Comparison of the 

reported results with those of other results [12] indi-

cates that our computational method is valid for 

charge calculations on carbon nanotubes as a result of 

the induced electric voltage with a high precision. In 

another attempt our result is compared with that ob-

tained from ab initio approach [13] for the dimension-

al changes. For this purpose the longitudinal dimen-

sional change with charge per atom for the (11,0) tube 

is computed and compared with the results given for 

 
 

Fig. 3.  Comparison of the induced charge af atoms  as a  function of the atom position  for the CNTs with different 

lengths.  
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the same type nanotube in Ref. [13]. The charge per 

atom variation is in the range of -0.05 to 0.03 and the 

longitudinal variation would give value of 0 to 0.006.  

It is noticed that the results of the present study is in 

close agreement with that of Ref. [13] for the given 

range of charge injection.  

   

4. Conclusions 

 

The voltage induced electrostatic charges on a single 

wall carbon nanotubes are studied in this work for the 

case of nanotube in infinite space. It has been found 

that the simple classical electrostatic theory explains 

well the charge distributed on each atom for the case 

of infinite electric fields. Results of this study show 

three important points. First, extra charges on the 

atoms located at two ends of the tube are much higher 

than those located in the central portion of the tube. 

Second, for all the CNTs the tube length plays impor-

tant role in the amount of the extra charges on the car-

bon atoms. Increasing the tube length decreases the 

amount of the extra charges on the atoms and as a 

result the tube dimensional changes. Third, beside the 

tube length, its radius, and its structure play important 

role on the charge distribution and as a result on the 

tube dimensional changes. 
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