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Abstract - In this research interaction of atomic and molecular hydrogen with carbon nanotubes containing boron impurities is 

considered. Process was modelled by step-by-step approach of atom or molecule of hydrogen to a surface of a nanotube. Calculations 

were carried out with use of model of a molecular cluster within a method of density functional theory (DFT). The research of the 

electronic and energy structure of the complex received in a consequence of influence of step-by-step approach of adatom to a surface 

of a carbon nanotubes containing boron impurities was conducted.  
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1. Introduction 
In-depth study of unique sorption and electronic-power properties carbon nanotubes caused search of the novel 

nanostructures [1]. In 2003 single-layer boron-carbon nanotubes were synthesized [2]. This matter is a new class of the 

nanotube systems with the unique physical and chemical properties offering many fields of their use in technology [3].  

In the last decade, the number of a possible carbon nanotube (CNT) using as the materials capable to accumulate and 

store hydrogen that is the ideal environmentally friendly energy carrier widespread in the nature [3-5] is widely discussed. 

It will allow solving, in particular, a problem of storage and transportation of hydrogen. For these years, there are many 

researches devoted to theoretical and experimental study of sorption activity of carbon nanotubes concerning hydrogen 

[7.8].  

Moreover, it is possible to assume, that carbon-boron BC nanotube will also have high sorption activity in relation to 

hydrogen. It caused high interest in fundamental studying mechanisms of interaction between hydrogen and born-carbon 

nanotubes. More detailed studying can define possibilities of their use during creation of new accumulators of hydrogen.  

 

2. Calculation method 
This article describe the research of the mechanism of adsorption of hydrogen atom and molecule on an outer surface 

of boron-containing BC nanotube (6.6). Calculations have been carried out using quantum and chemical calculation 

methods of DFT (Density functional theory). 

According to Density Functional Theory, the properties of a many-electron system including energy can be defined by 

using an electron density functional. The system is described by electronic density as ρ(r):  
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where Φe is the many-electron wave function of the system, σi is the set of spin and spatial coordinates of electrons, N is the 

number of electrons. Thus, ρ(r) is a function of only three spatial coordinates r of the point at which ρ (r) gives the probability of 

detecting any of the electrons of the molecule [9]. 
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If any property of the ground state of a molecule can be expressed in terms of ρ, then the electron energy in the DFT is: 

        eeen VVTE   
(2) 

 
where T [ρ] is the kinetic energy, Ven[ρ] is the potential energy of electron-nuclear interactions, Vee[ρ] is the energy of 

electron-electron interactions, which can be written as 

 

      xcCoulee VVV   
(3) 

 

 where VCoul[ρ] is the energy of the Coulomb interaction of electrons, and Vxc[ρ] is the exchange-correlation energy. 

The functionals T [ρ], Ven[ρ] and VCoul[ρ] can be found exactly [9]. For the exchange-correlation potential Vxc[ρ], the exact 

representation is not known and there are a large number of models for its description. DFT is used with various functionals and 

one of the most popular is B3LYP, a hybrid functional that includes three components of the exchange functional (exact 

Hartree-Fock exchange operator, Becke functional and Slater functional, and the correlation part is a combination of the Lee-

Yang-Parr functional (LYP) and Vosko-Vilka-Nusar ( VWN). A feature of this approach is that the three exchange components 

are taken with weighting factors selected based on comparison with experimental data. As a result, the approach takes on the 

characteristics of a semi-empirical method. It turns out that its accuracy in most cases is significantly higher than in the case of 

methodologically “pure” functionals. Apparently, this is a consequence of the fact that the exchange energy is nonlocal in nature 

and any attempts to reduce it to local functionals lead to errors. The Hartree-Fock exchange makes it possible to consider this 

nonlocality. Therefore, in the presented theoretical study, the B3LYP functional was used within the framework of the density 

functional theory. For the B3LYP hybrid functional, good convergence of experimental and theoretical results for carbon 

systems has been proved. The error of theoretical calculations for them is no more than 1% in terms of geometrical 

parameters (interatomic bonds and bond angles) and total energies. 

 

3. Formulation of the problem 
The possibility of hydrogen adsorption on an outer surface of one-wall BC5 nanotube is investigated in this research. 

A typical cluster of this nanotube is shown in fig. 1.  

 

 
Fig. 1: The extended elementary cell of ВС5 nanotubes (6, 6) of mutual orientation of С and В atoms. 

 

The interaction between BCNT and H atom has been modeled using the step-by-step approaching to the surface of the 

nanotube (with a step 0,1 A). The hydrogen atom located straight above the sorption center in all cases. The DFT 

calculation suggested us to build the potential energy curves (fig. 2). The view of these curves allowed us to make the 

conclusion that atomic adsorption is possible for all variants (fig. 2a and 2b). However, hydrogen molecule don’t have any 

     ee Coul xcV ρ  = V ρ +V ρ
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kind of interaction with nanotube surface (fig. 2c and 2d). It could be explained with high force of interatomic interaction 

in the hydrogen molecule.  

The analysis of the electronic structure showed that the positive charge is located on the hydrogen atom while the 

boron or carbon atom of the nanotube surface get the negative one. This means that along with the weak van der Waals 

interaction Coulomb interaction arises between a boron (or carbon) atom and a hydrogen atom. 

 

a) 

 
b) 

 

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2 2.5 3 3.5

E,
 e

V
 

r, Ǻ 

H to C 

0.55

0.56

0.57

0.58

0.59

0.6

0.61

0.62

0.63

0.64

0.65

0 0.5 1 1.5 2 2.5 3 3.5

E,
 e

V
 

r, Ǻ 

H to B 



 

 

 

 

 

 

 

ICNNFC 127-4 

c) 

 
d) 

 
 

Fig. 2: The energy curves for the adsorption process of an H atom and molecule on the external surface of ВС5 nanotubes: а), 

b) above a boron/carbon atom for hydrogen atom; c), d) above a boron/carbon atom for hydrogen molecule. 

 

4. Conclusion 

Thus, theoretical studies have shown that the described borocarbon nanotubes interact with atomic hydrogen and 

do not react to the presence of a Н2 molecule. The H atom is attached to the nanotubes at a distance corresponding to 

the chemical bond between the elements. Values of adsorption energy make it possible to predict formation of 

metastable complex "hydrogen atom - borocarbon nanotube." Molecular hydrogen does not react with the nanotube. 

The reason for this may be a strong bond between hydrogen atoms, preventing them from interacting with other 

substances without the application of external forces. The analysis of the electronic structure showed that the positive 

charge is located on the hydrogen atom while the boron or carbon atom of the nanotube surface get the negative one. 

This means that along with the weak van der Waals interaction Coulomb interaction arises between a boron (or 

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0 0.5 1 1.5 2 2.5 3 3.5

E,
 e

V
 

r, Ǻ 

H2 to C  

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 0.5 1 1.5 2 2.5 3 3.5

E,
 e

V
 

r, Ǻ 

H2 to B 



 

 

 

 

 

 

 

ICNNFC 127-5 

carbon) atom and a hydrogen atom. Studies have shown that boron-carbon nanotubes can act as storage facilities for 

atomic hydrogen, while allowing it to be separated from molecular, due to its sorption capacity. 
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