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Abstract—It is quite hard to study the structure of single-

walled carbon nanotubes (SWCNT) directly because of their 

nanoscaled sizes. Thus we use computer simulation software 

to simulate the structures of SWCNT and measure the 

structural parameters, i.e., bond lengths and bond angles for 

different types of SWCNT and found that diameter have 

significant effects on these bond lengths and bond angles. 

Results for (n, n) armchair tubes show that one bond length 

is greater than that of the other two bond lengths which are 

equal to each other. Two bond angles are same but different 

from third bond angle. Bond lengths expend with increase in 

tube diameter. Two bond angles start equally increasing but 

third one decreases with increase in tube diameter. In (n, 0) 

zigzag SWCNT, two bond lengths are same and decrease 

with increase in diameter. These bond lengths are different 

from third bond length which increases with increase in 

diameter. Two bond angles are equal and show no change 

on increasing tube diameter. Third bond angle starts 

increasing and become constant with increase in tube 

diameter. For (n, m) chiral SWCNT, bond lengths are 

different from each other and starts increasing with increase 

in tube diameter but beyond 1.053 nm diameter two bond 

lengths become constant and equal to each other. Two bond 

angles are decreased on increasing tube diameter but above 

1.424 nm diameter one bond angle starts increasing.  Third 

bond angle increases with increase in diameter of SWCNT 

tube. 
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I. INTRODUCTION 

Carbon nanotubes (CNTs) have remarkable electrical, 

mechanical, and thermal properties [1] since they were 

discovered by Iijima (1991) [2]. CNTs can be viewed as one 

(or more) graphite sheet(s) rolled into a seamless tube. 

CNTs may consist of single-walled (SWCNTs) or multi-

walled (MWCNTs) graphite sheets. The way a graphite 

sheet is wrapped is represented by a pair of indices (n, m) 

that is called the chirality. When m = 0, the nanotubes are 

called "zigzag", and when n = m, the nanotubes are called 

"armchair". The SWCNTs are characterized by strong 

covalent bonding, a unique one-dimensional structure and 

nanometer size which impart unusual properties to the 

nanotubes including exceptionally high tensile strength, 

high resilience, electronic properties ranging from metallic 

to semiconducting, high current carrying capacity, and high 

thermal conductivity. Many studies have investigated the 

variations of bond lengths in SWCNTs from graphite value 

[3-9]. 

Various workers [3-7] have reported calculations 

based on using one bond length equivalent to graphite value 

or a modified value leading to results on many properties of 

carbon nanotubes like Young’s modulus, bulk and structural 

properties and other lattice and thermodynamical properties. 

Danil SP et al. [8] have reported the results for armchair 

single-wall nanotubes based on two bond lengths using ab 

intio calculations. They found that both bond lengths have 

values greater than the value of bond length of graphite. The 

investigation of curvature effect on geometric parameters, 

energy, and electronic structure of zigzag nanotubes using 

first-principle calculation has also been done by Gulseren O 

et al. [9]. They report again that two bond lengths and bond 

angles display a monotonic variation and approach the 

graphite values as radius increases. One of the bond lengths 

which it parallel to tube axis is less than the graphite value 

whereas the other which make an angle with tube axis is 

grater than it. Mashreghi A. et al [10] calculated bond 

lengths and bond angles for armchair SWCNT having 

different radii by using MD simulation. By using the helical 

and rotational symmetries and the Tersoff potential Ali 

Nasir Imtani et al. [11] also investigated bond lengths and 

bond angles for armchair SWCNT of different radii. 

Above studies told us that change in electronic 

structure of SWCNT affect its properties. But change in 

electronic structure (bond lengths and bond angle) with 

chirality and diameter does not clear and these studies are 

only for one or two types of SWCNT. In this paper we 

simulate structure of SWCNT using simulation software and 

determine the bond lengths and bond angles for all three 

types of SWCNT (armchair, zigzag and chiral) of different 

chirality and diameter. We compare our results with each 

other and obtain the effect on bond lengths and bond angles 

with change in chirality and diameter. Our investigations 

agree well with previous studies [10, 11].  

II. METHOD OF SIMULATION 

In this paper we use commercially available molecular 

dynamic simulation software (material studio) to simulate 

the structure of SWCNT and its constituents by Accelrys 

[13]. We make SWCNTs virtually on computer with the 

help of simulation software and study the structures. In these 

structures we take four atoms A, B, C and D because other 

atoms show symmetry of these four atoms. Therefore, we 

measure bond length and bond angle among these fore 

atoms. Simulated structures of SWCNT with different 

chirality are shown in figure 1-3. Figure 1 shows the 

structure of (n, n) armchair SWCNT and software generated 

angle CAD is given in figure 1(a) and bond length AD is 

given in figure 1(b). Other bond lengths and bond angles are 

also measured in this armchair SWCNT. Similarly we make 

other armchair SWCNT virtually with different chirality and 

obtain bond lengths and bond angles.  Figure 2 shows the 

structure of (n, 0) zigzag SWCNT and software generated 

angle CAD is given in figure 2(a) and bond length AC is 

given in figure 2(b). Other bond lengths and bond angles are 
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also measured in this armchair SWCNT. Similarly we make 

other zigzag SWCNT virtually with different chirality and 

obtain bond lengths and bond angles.  Figure 3 shows the 

structure of (n, m) chiral SWCNT and software generated 

angle CAD is given in figure 3(a) and bond length AC is 

given in figure 3(b). Other bond lengths and bond angles are 

also measured in this chiral SWCNT. Similarly we make 

other armchair SWCNT virtually with different chirality and 

obtain bond lengths and bond angles.   

 
(a)    (b) 

Fig. 1: Simulated Structures Of (n, n) Armchair SWCNTs. 

(a) Shows Bond Angle CAD and (b) shows Bond Length 

AD. 

 
(a)                 (b) 

Fig. 2: Simulated Structures of (n, 0) Zigzag SWCNTs. (a) 

shows Bond Angle CAD and (b) shows Bond Length AC. 

 
(a)      (b) 

Fig. 3: Simulated Structures of (n, m) Chiral SWCNTs. (a) 

shows Bond Angle CAD and (b) shows Bond Length AC. 

III. RESULTS AND DISCUSSIONS 

Figure 1-3 show software simulated structures of armchair, 

zigzag and chiral SWCNT respectively. Figures 1(a)-3(a) 

give bond angle and Figures 1(b)-3(b) give bond length. 

Tables 1-3 give values of bond lengths, bond angles, 

diameter and chirality for armchair, zigzag and chiral 

SWCNTs respectively obtained in this study. Figures 5, 7, 9 

give variation in bond angles and Figures 4, 6, 8 give 

variation in bond lengths of armchair, zigzag and chiral 

SWCNT respectively. 

 
Fig. 4: Variation in Bond Lengths of Armchair (n, n) 

SWCNT with Diameter. 

Figure 4 shows that in (n, n) armchair SWCNTs, 

bond length AB and AD are same and increased with 

increase in diameter. Bond length AC is different from these 

two bond length but also increased with increase in 

diameter. Above 2.712 nm diameter these three bond 

lengths become equal and constant. Figure 5 show that bond 

angle BAC and CAD are equal and increased with increase 

in diameter while bond angle BAD is different from these 

two bond angles and decreased with increase in diameter.  

 
Fig. 5: Variation in Bond Angles of Armchair (n, n) 

SWCNT with Diameter. 

 
Fig. 6. Variation in Bond Lengths of Zigzag (n, 0) SWCNT 

with Diameter. 



Study of Bond Length and Bond Angle with Increase in Diameter of Single-Walled Carbon Nanotubes 

 (IJSRD/Vol. 5/Issue 04/2017/190) 

 

 All rights reserved by www.ijsrd.com 761 

 
Fig. 7: Variation in Bond Angles of Zigzag (n, 0) SWCNT 

with Diameter. 

 
Fig. 8. Variation in Bond Lengths of Chiral (n, m) SWCNT 

with Diameter. 

 
Fig. 9: Variation in Bond Angles of Chiral (n, m) SWCNT 

with Diameter. 

Figure 6 shows that in (n, 0) zigzag SWCNTs, 

bond length AB and AC are same and increased with 

increase in diameter while bond length AD is different and 

remains same. Figure 7 shows that bond angle CAD and 

BAD are approximately same and decreased with increase 

in diameter while bond angle BAC is different from these 

two bond angles and increased with increase in diameter.  

Figure 8 shows that in (n, m) chiral SWCNTs bond 

length AD remain same with increase in diameter. Bond 

length AB is increased with increase in diameter and above 

1.053 nm diameter become equal to bond length AD and 

remain same. Bond length AC is increased with increase in 

diameter but above 1.629 nm diameter it remains same.  

Figure 9 shows that bond angle BAC is increased with 

increase in diameter. Bond angle BAD is decreased with 

increase in diameter. Bond angle CAD is decreased but 

above diameter 1.424 nm it starts increasing with increase in 

diameter. 

The sum of three bond angles (BAC, BAD and 

CAD) is always smaller than 360o for all tubes. This sum 

increases with increase in the tube diameter and it is found 

to be independent of the chirality. Jiang et al.[14]  have also 

found three unequal bond angles for chiral tubes. In this 

study we find the results not only for chiral tubes but also 

for zigzag and armchair tubes.  

IV. CONCLUSIONS 

In this study we find in (n, n) armchair and (n,0) zigzag 

SWCNTs two bond lengths and two bond angles are equal 

and increase with increase in diameter. In (n, m) chiral 

SWCNT all three bond lengths and bond angles are different 

and bond angle CAD is decreased but start increasing above 

1.424 nm diameter. Bond lengths AB, AC and bond angles 

BAC is increased with increase in diameter for all types of 

SWCNT. Bond angle BAD is increased and bond length AD 

remain constant with increase in diameter for (n,0) zigzag 

and (n,m) chiral SWCNT. As the diameter increases all 

bond lengths and bond angles approaches to be equal. 

We believe that the results of this work reveal the 

difference between the structures of three types of single-

walled carbon nanotubes having different diameters.  In this 

study several new observations in relation to bond lengths, 

bond angle and chirality have been made which differentiate 

the one type SWCNT from other type SWCNT. These 

results can be used to distinguish between three types of 

SWCNTs (Zigzag, Chirl and Armchair). As a result of this 

work we hope that a complete picture of SWNTs on the 

behavior of the structural parameters at different diameter 

and chirality is now available. 
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Table 1: Values of Bond Lengths, Bond Angles and 

Diameters of (n, n) Armchair SWCNTs obtained in the 

Present Study 
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Table 2: Values of Bond Lengths, Bond Angles and 

Diameters of (n, 0) Zigzag SWCNTs obtained in the Present 

Study 
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Table 3: Values of Bond Lengths, Bond Angles and 

Diameters of (n, m) Chiral SWCNTs obtained in the Present 

Study 
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