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1. Preface 

Here, we discuss the estimation of noble gas absorption on a set of different diameter carbon nanotubes using molecular 

dynamic simulation. In the result of molecular dynamic procedure, for the performing simulations Tinker Software has been used [7]. 

Performed studies and researches state that carbon nanotubes are found as a bundle of parallel nanotubes whose average 

diameter is about (10, 10) carbon nanotube [11]. We study noble gases on carbon nanotubes here. The result of this research shows 

that carbon nanotubes have great ability of absorption and are suitable for gas storing. 

In 2000, Kuznetsova and et al studied experimentally the absorption amount of Xenon gas on a wall having nanotube (10, 10) 

whose diameter is 13.6  at 95 temperature [1]. In the experiment of 2007, the absorption amount of Xenon and Krypton was 

determined on a wall having nanotube (10, 10) at different pressures and at 95 [12]. In 2001, Simonyan and et al studied the 

absorption of Xenon gas absorption on a wall having finally open carbon nanotube (10, 10) using simulation at 95 [14].  

In 2000, Talapatra and et al studied Neon and Xenon gases on the different parts of finally closed bundle of nanotubes. 

Diameter of nanotubes considered 13.8  and the distance between nanotubes 17.8 and nanotubes were placed 3  far from each 

other where Xenon gas was not absorbed in IC free space [4]. Studies performed by Babaa and et al shows that the absorption 

characteristics depends upon three parameters (diameter of nanotubes, length, open and closed case of nanotubes, number of the 

formed nanotubes and the distance among them and the matter spread upon the nanotubes) [8 and 9]. The stated result is as: with the 

increase of the pressure the amount of pressure is increased. On the other hand, with the increase of temperature, amount of the gas 

absorption on the outside of the wall of nanotube is decreased [3].  
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ABSTRACT 

In this study, we have used molecular dynamic simulation to study the absorption of noble 

gases on bundle of carbon nanotubes. Absorption of Xe, Ar, Ne and He on bundle of carbon 

nanotubes have been studied at several pressures and constant temperature. The bundles of 

(8,8), (9,9), (10,10), (11,11) and (12,12) are considered. Dependence of absorption converge 

on diameter of carbon nanotubes in saturation conditions has been studied. The results show 

that absorption occurs both inside and outside of nanotubes. The absorption coverage are 

increased and then saturated by pressure enhancement. Only Ne and He gases are observed in 

the space between three (11, 11) and (12, 12) nanotubes. The result indicate that carbon 

nanotubes are good candidate for gas storage. 
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Absorption of gas on the bundle of nanotube of different diameter, amount of gas absorption on carbon nanotube and 

determining of the diameter of nanotube is studied in this paper.  

Primary system and the conditions of simulation 

Absorption of noble gases such as Helium, Neon, Argon, Krypton and Xenon is simulated in NVT using molecular dynamic 

procedure. The temperature of the system is managed using Nose Hoover thermostat. Physical quantities such as displacement and 

velocity are determined by Beeman Algorithm (6). Interactions are determined by MM3 potentials [10]. Simulations took place at 

different pressures and 20  constant temperature.  

To get closed to an actual modal, bundle formed by (8, 8), (9, 9), (10, 10), (11, 11), (12, 12) carbon nanotubes located on one 

side are considered. Cahrt-1 shows the characteristics of these nanotubes.  

 7 carbon nanotubes, having ten unit cells and 24.67  length parallel to each other, out of the bundle of carbon nanotubes 

are on the side of nanotube axis. So bundle of carbon nanotube is formed by (8, 8), (9, 9), (10, 10), (11, 11), (12, 12) carbon nanotubes 

which in turn has 2240, 2520, 2800, 3080 and 3360 carbon atoms. In this bundle, each nanotube is 3.3  away from each other. As a 

result the distances among the centers of (8, 8), (9, 9), (10, 10), (11, 11), (12, 12) carbon nanotubes are 14.38 , 15.57 , 16.95 , 

18.25  and 19.6 . As an example, bundle of carbon nanotube formed by (8, 8) carbon nanotube is shown in (figure-1). 

 

(chart-1) shows the characteristics of carbon nanotubes. 

Number of atoms        number of unit cells     
)    radius (       

 

32 10 1 1 10  43.5 2.46 10 (8،8 ) 

36 10 1 1 10  11.6 2.46 10 (9،9 ) 

40 10 1 1 10  78.6 2.46 10 (10،10 ) 

44 10 1 1 10  46.7 2.46 10 (11،11 ) 

48 10 1 1 10  15.8 2.46 10 (12،12 ) 

 

 
(Figure-1) shows bundle of (8, 8) carbon nanotube. 

 

Volume of simulation box is considered equal to . In the first configuration of simulation, 

atoms (from 20 to 2100) of noble gases are distributed randomly on the outside of nanotubes. To reach the system absorption amount 

to equilibrium, simulation continuous till its amount becomes constant.  
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(Figure-2). First configuration of simulation box. 

 

2. Result of simulation 

The result of simulation indicates that at the beginning, the gas atoms are absorbed on the outside of nanotubes in G and S 

locations as shown in (figure-1). Then, as the pressure increases, absorption of atoms occurs in few layers parallel on the outside of 

nanotubes which is shown in (figure-3). Increase in pressure also causes the absorption of gas inside the nanotubes and the free space 

(INT) is filled by gas absorption.  

 
(Figure-3). The final configuration of simulation box. 

 

In (figure-4), first layer of gas absorption is formed inside the nanotube which is shown on the outside of nanotube by the 

absorbed gases. The distance among nanotubes for Helium, Neon, Argon and Xenon first layer which is absorbed are about 3.1, 3.3, 

3.5, and 3.9 Angstroms respectively. For the determination of absorbed gas on the outside of nanotube, only first formed layer is 

considered and all the atoms of this layer is counted. For the absorption, the distance between this layer from the gas atoms and the 

wall of standard nanotubes is considered.  
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(Figure-4). Illustration of gas absorption on the bundle of carbon nanotubes. 

 

The stated results are: on IC location of (11, 11) and (12, 12) carbon nanotube bundles, Neon and Helium gases are also 

absorbed. Where greater gases than Neon like Argon and Xenon cannot be absorbed here. Illustration of Helium gas on (11, 11) 

carbon nanotube bundle is shown in (Figure-5). It has to be taken into account that (8, 8), (9, 9) and (10, 10) carbon nanotube bundles 

IC space is not enough for gas absorption. So no gas is absorbed here (Figure 4) 

 

 
(Figure-5). Illustration of Helium gas absorption on (11, 11) carbon nanotube bundle. 

 

Pressure effect on the gas absorption amount 

Here, for the increasing of number of noble gas inside the box of simulation, pressure effect on the absorbed gas amount is 

studied.  

  

For example, because of the pressure, absorbed Helium amount of the entire inside and outside of (8, 8) carbon nanotube is 

shown in 6 and 7 figures respectively. Stated results are: with the increasing of pressure, absorption amount is increased and in the 

result of high amount of absorption it reaches to saturation. This procedure of absorption increasing with the increasing of pressure is 
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explained in the other studies [11 and 12]. The (10, 10) carbon nanotube bundle inside and outside shows Xenon absorption procedure 

with the increasing of pressure (Figure-8). 

 

(Figure-6). Because of pressure, absorbed Helium amount on (8, 8) carbon nanotube bundle outside at 20 . 

 

(Figure-7). Because of pressure, absorbed Helium amount on (8, 8) carbon nanotube bundle inside at 20 . 

 

 

(Figure-8). Because of pressure, absorbed Xenon amount on (8, 8) carbon nanotube bundle inside and outside at 20  [11]. 
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In this research, understanding of the surface area is more significant than the material. Procedures of surface area 

measurement are studied at different parts of technology and sciences. If such a situation is suit, where an entire layer is obtained by 

the determination of absorbed mater amount from the absorbed mater molecules on the surface, entire surface area sample can be 

measured. Suitable materials are vapors or gases which have small molecular dimensions and can pass through few nanometer holes 

[2].  

Great amount of absorbed gas: In saturation case, amounts of different gas absorption on the carbon nanotube bundles are 

shown from 2 to 6 charts. Because of the number of gas atoms, the amount of absorption is explained on the whole number of carbon 

atoms. Absorption means inside, outside, absorption on INT, absorption on G and S locations. 

 

(Chart-2). In saturation case, the absorption amount of noble gases on (8, 8) carbon nanotube bundle. 

Xenon Argon Neon Helium  

045.0 066.0 076.0 094.0 Inside (INT) 

079.0 124.0 185.0 220.0 Outside (G and S) 

0.0 0.0 0.0 0.0 IC 

124.0 180.0 261.0 314.0 Total 

 

(Chart-3). In saturation case, the absorption amount of noble gases on (9, 9) carbon nanotube bundle. 

Xenon Argon Neon Helium  

045.0 069.0 079.0 095.0 Inside (INT) 

081.0 125.0 182.0 221.0 Outside (G and S) 

0.0 0.0 0.0 0.0 IC 

126.0 194.0 261.0 316.0 Total 

 

(Chart-4). In saturation case, the absorption amount of noble gases on (10, 10) carbon nanotube bundle. 

Xenon Argon Neon Helium  

049.0 070.0 081.0 100.0 Inside (INT) 

090.0 121.0 182.0 225.0 Outside (G and S) 

0.0 0.0 0.0 0.0 IC 

139.0 191.0 263.0 325.0 Total 

 

(Chart-5). In saturation case, the absorption amount of noble gases on (11, 11) carbon nanotube bundle. 

Xenon Argon Neon Helium  

050.0 076.0 086.0 107.0 Inside (INT) 

093.0 125.0 185.0 221.0 Outside (G and S) 

0.0 0.0 009.0 011.0 IC 

143.0 201.0 280.0 339.0 Total 

 

(Chart-6). In saturation case, the absorption amount of noble gases on (12, 12) carbon nanotube bundle. 

Xenon Argon Neon Helium  

051.0 081.0 093.0 110.0 Inside (INT) 

091.0 127.0 185.0 220.0 Outside (G and S) 

0.0 0.0 010.0 012.0 IC 

142.0 208.0 288.0 342.0 Total 

 

For better understanding amounts of charts are drawn in (9 and 10) figures. 
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(Figure-9). In saturation case and at , amount of absorbed gas on the outside of different carbon nanotube bundles. 

 

(Figure-10). In saturation case and at , amount of absorbed gas on the outside of different carbon nanotube bundles. 

 

Comparison of the amounts is as: atomic radius of gas has effect on the amount of gas and as the radius gets long the 

absorption amount decreases. Gas absorption ability on the bundle of nanotubes is independent of the type of nanotubes which is 

formed by nanotube bundle [2]. Where gas absorption has effect on the inside of nanotube bundle and with getting long the radius of 

nanotubes, great amount of gas is absorbed on the inside of nanotube bundle. 

 

3. Result 

The result of simulation shows that noble gases are absorbed on the INT inside free space and on the G and S outside of 

carbon nanotubes. Specifically, Helium and Neon can absorb on three nanotube IC inside free space of (11, 11) and (12, 12) carbon 

nanotube bundles. With the increasing of pressure, amount of absorption increases and finally reaches to saturated amount. Small 

nanotubes are highly capable of gas absorption. So suitable selection for noble gases storing and absorption is bundles formed by 

carbon nanotubes.  
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