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Abstract. The problem of formation possibility nanotubular structures is actively discussed now. We considered the
fragments of single-wall boron nanotubes (n, n) (n=4, 5, 6, 9, 11, 12). Calculations were carried out by IB-CCC
method [1]. The analysis of band-gap showed that all of them are semiconductors. Energy of deformation decreases
with increase of the diameter of B-tubes (n, n). We considered the B-nanotubes (n, 0) (n=4, 5, 6, 8, 12). In this case
deformation energy is increases with increase of the diameter of tubes (n, 0). Calculations of boron tube (6, 6) which
contained various defects of structure were obtained by the semiempirical MNDO scheme. We research substitution
imperfection of B atom by atom C, ions ɋ+, ɋ-. We found out substitution energy of defects and its energy level. We
studied the B-tube with atomic vacancy and determined the energy of defect activation and the relative portion of
vacancies.At the moment active search of new surface structures capable of effective adsorption of different gases is
being carried out. We have investigated an binding opportunity between the H, F, O, Cl atoms and the outer surface
of B-nanotube (6,6) and have studied the mechanism of this process. The calculations are carried out with the use of
quantum chemical MNDO scheme. Regular hydrogenation of boron nanotubes was investigated. We can confirm that
generation of gas-phase hydrogen composite materials based on boron nanotube is possible.

1. Semiempirical investigation of boron nanotubes and some structuremodification composites on its base
Last decades the boron became a very important element. Boron and its chemical compounds started to
be used in nuclear energy and rocket technology, metallurgy, chemical industry and in the other fields. Now
many scientists and tens scientific laboratories study boron and its chemical compounds. It was found out that
boric atoms are able to form not only ionic bonds. Boron atoms can bind chains, frame, net and ets [2-4].
However, it is not known much about a boron till now. Nevertheless, boron is the most important element in
current technology.The quantity of modification of an elementary boron is not known yet. Therefore,
investigation of boron possible configuration is very actual at the present time.

1.1 Possibility of boron nanotubes creation
We assumed that boron is the nearest neighbour of carbon and it can make quasiplanar hexogonal form similar to
VWUXFWXUHRIJUDSKLWH7KDW¶VZK\LWLVSRVVLEOHWRDVVXPHWKHSRVVLbility of boron nanotubes formation. We have
considered the fragments of single-wall boron nanotubes (n, n) type (n = 4, 5, 6, 9, 11, 12). Calculations were
carried out by the Ionic-Building Covalent Cyclic Cluster model (IB-CCC) and semiempirical quantum-chemical
MNDO scheme [1]. The analysis of band-JDS¨(g showed that all of them are semiconductors, irrespective of
diameter. Energy of deformation was calculated as a difference of quasiplanar extended unit cell (EUC) energy
and energy of boron nanotube which made of corresponding EUC. We defined that energy of deformation
decreases with increase of the diameter of boron tubes (n, n) type (see fig.1a). The charge analysis of boron tubes
has established that their symmetry is stable (charges on boron atoms are almost equal to zero).
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Also we have considered the fragments of single-wall boron nanotubes (n, 0) type (n = 4, 5, 6, 8, 12). In this
case energy of deformation is increased with increase of the diameter of boron tubes (n, 0) type (see fig.1b). So,
ZH FDQ FRQFOXGH WKDW IRUPDWLRQ SURFHVVHV RI ©]LJ-]DJª ERURQ QDQRWXEH IURP IODW KH[RJRQDO ERURQ VWUXFWXUH
energetically is not useful and possible. The basic electron-energy characteristics of boron nanotubes (n, n) and
(n, 0) type are shown in the table 1.

Fig.1. Dependence energy of deformation from diameter a) (n, n)-type; (n, 0)-type of tube

Table 1. The basic electron-energy characteristics of boron nanotubes (n, n) and (n, 0) type: n ± number hexagons on
perimeter of tube, d ± diameter of tube, ȿun ± XQLWHQHUJ\GHQVLW\¨(g ± band-gap energy, ȿdef ± energy of deformation.

Type of tube

(n, n)

(n, 0)

n

dc

ȿun, eV

¨Eg,,eV

ȿdef, eV

4
5
6
9
11
12
4
5
6
8
12

5.25
6.90
8.25
12.42
15.18
16.56
3.03
3.99
4.77
6.35
9.57

68.01
67.91
68.14
68.97
69.34
69.33
67.85
67.80
67.88
67.92
69.03

0.07
0.04
0.90
0.02
0.35
0.22
0.27
0.00
0.20
0.01
0.02

0.45
0.35
0.34
0.31
0.17
0.16
0.04
0.07
0.12
0.11
1.73

1.1 Boron nanotubes with various defects
It is known that defects change conduct properties of carbon nanotubes [5, 6]. So, we have decided to study
the change of boron tube which contained difference defects. Calculations of boron nanotubes (6, 6) which
contained various defects of structure (structure-modification ȼ-tubulenes) were obtained by the quantumchemical semiempirical computational MNDO scheme with molecular cluster model use. The geometric
structure of (6, 6) tubes has been simulated by fragment containing fore boron hexagons along the tube axis and
six hexagons along the perimeter. B-%ERQGOHQJWKLVҦ7KHXQVDWXUDWHGFOXVWHUERXQGDU\FKHPLFDOERQGV
have been completed by hydrogen atoms. We research substitution defect of boron atom by carbon atom (C),
positive carbon ion (ɋ+) and negative carbon ion (ɋ-). Defects have been situated in the middle of the cluster in
order to exclude the influence of boundary effects (see fig.2).
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Fig. 2. The cluster of boron nanotubes (6, 6) which contained substitution defect

We found out substitution energy of defects and their atomic energy level. And we have seen that the
width of forbidden energy band is not change (see fig.3)

Fig.3. Single-electron energy spectrum of boron nanotubes (6, 6) type:
1) substitution imperfection of boron atom by carbon atom;2) substitution imperfection of boron atom by positive carbon ion;
3) substitution imperfection of boron atom by negative carbon ion; 4) flawless boron nanotubes

Then we have studied the boron nanotube with atomic vacancy and determined the energy of defect
activation and the relative portion of vacancies. The process of atomic vacancy creation of boron tube has been
simulation by step-by-step abstraction of one central boron atom. The result of this process is shown at the graph
(see fig. 4). We have seen, that the boron atom should overcome potential energy barrier, which identify like
energy of defect activation
E act = Eeb ± Ev = 0.68 eV. This value let calculate the relative portion of
vacancies for T = 1000 K by the well-known formula [8]:
n/N ~ exp[-ȿact/kT]

(1)

It equal 0.53.
The minimum energy Ev situated apart 0.7 from atom B to cylindrical surface of tubul. In this case
length of B-B bond is FKDQJHGIURPcWRc,t is obvious that such position of surface atom B is stable.
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Fig. 4. Potential energy as a function of B atom distance from the (6, 6) nanotube surface.

2. The adsorbtion properties of boron nanotubes
Sorption properties of tubular structure are object of attention at a wide range of researchers for a long
time. Carbon nanotubes possess especially characteristics [5, 6]. Many works are devoted to research adsorption
mechanisms of atoms and molecules on tubular surface (internal and external) [7-8]. However, now the great
attention is given to research and synthesis of new nanotubular systems which characteristics can give new
prospects of their use. Recently research of boron nanotube have begun. Their unique properties can provide
their applications in new fields of a science and technology [9].
The problem of superficial structures hydrogenation has great value. These structures can be used as
storehouse of molecular hydrogen. Carbon nanotube sated by hydrogen are already experimentally received.
However at the moment intensive search of new surface structures capable of effective adsorption of different
gases (including hydrogen) is being carried out. Therefore we consider that research sorption properties of Bnanotube is actual.

2.1 Mechanisms of easy atoms adsorption on a surface boron nanotube (6, 6) ± type
We have investigated a binding opportunity between the atoms of hydrogen, fluorine, chlorine, oxygen
and the outer surface of single-walled boron nanotube of (6, 6) type and have studied the mechanism of this
process. The calculations have been carried out within the model of molecular cluster with the use of quantum
chemical MNDO scheme [10].
7KUHHYDULDQWVRIDGDWRPV¶RULHQWDWLRQRYHUWKHWXEHVXUIDFHZere considered: I) over boric atom, II) over
the centre of B-B bond, III) over hexagon centre (see fig.5).

Fig. 5. 7KUHHYDULDQWVRIDGDWRPV¶RULHQWDWLRQRYHUWKHWXEHVXUIDFH, RYHUERULFDWRP,, RYHUWKHFHQWUHRIWKH%-B bond,
III) over the hexagon centre.

Surface patterns of potential energy for these processes were built. Atoms attack the boron nanotubes
have been simulated by a step-by-step approach for all adatoms orientations. For position (I) the analysis of
curves showed that all atoms are adsorbed on the surface of B-tube. Adsorption distances (Rad) and adsorption
energy (Ead) were calculated for all selected atoms. Adsorption processes for positions II and III were simulated
in a similar manner. It turned out that adsorption of H and O atoms is implemented only for position II, and
adsorption of H atom ± for position III. Profile of potential energy of adsorption process for atom hydrogen is
shown (see fig. 6 - 8). The basic electron-energy characteristics of adsorption process for all atoms (H, Cl, O, F)
are presented in the table2.
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Fig. 6. Profile of potential energy of adsorption process for hydrogen in the position over the centre of the B-B bond

Fig. 7. Profile of potential energy of adsorption process for hydrogen in the position over the hexagon centre

Fig. 8. Profile of potential energy of adsorption process for hydrogen in the position over boric atom

2.3 Regular hydrogenation of boron nanotubes
Regular hydrogenation of boron nanotubes have been investigated. Calculations of two variants of
hydrogen atoms binding to the outer surface of nanotube were carried out: 1) H atoms are arranged over B atoms
of three adjacent hexagon layers (six H atoms over each layer) so that rings of superlattice formed by adatoms
are not displaced relatively each other; 2) even ring of atatoms are displaced as for uneven at the length of B-B
bond (see fig.9). The second position of hydride B-nanotube structure turned out to be energetically more
favourable.

Fig. 9. Regular hydrogenation of boron nanotubes. Unfolded extended unit cell of tubule (6, 6)-type. a), b) ± locations of
hydrogen atoms.
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Table 2. The basic electron-energy characteristics of adsorption process for all atoms (H, Cl, O, F): I) over boric atom, II)
over the centre of the B-B bond, III) over the hexagon centre, Ead - adsorption energy, Rad - adsorption distance, ¨ȿg,eV band-gap energy.

Cl

H

O

F

I

II

III

ȿa, eV

-0,02

-

-

Rac

2

-

-

¨ȿg, eV

1,5

-

-

ȿa, eV

-1,43

-0,07

-1,74

Rac

1,2

2,1

2

¨ȿg, eV

1,2

1,3

1,5

ȿa, eV

-3,7

-1,64

-

Rac

1,4

1

-

¨ȿg, eV

0,7

0,8

-

ȿa, eV

1,86

-

-

Rac

1,6

-

-

¨ȿg, eV

1,3

-

-

ɋonclusions
We studied single-wall boron nanotubes (n, n) and (n, 0) types, which have proved to be
semiconductors. Also, we found that the SURFHVV RI D ©]LJ-]DJª ERURQ QDQRWXEH FRQVWUXFWLRQ IURP KH[DJRQ
(quasi) - SODQDUERURQVWUXFWXUHVLVHQHUJHWLFDOO\XQIDYRXUDEOHDQGWKDW¶VZK\LWLVYHU\XQOLNHO\WRRFFXU
We studied defects of substitution on the surface of a boron nanotube and found that the width of
energy gap in a tubule with defects remains stable. We also studied the process of vacancy formation and found
the basic characteristics of this process. Boron nanotubes with defects of substitution and vacancies can be
considered as structurally-modified composites on the boron nanotube basis.
We have considered a possibility of forming bonds between atoms of hydrogen, fluorine, chlorine,
oxygen and the outer surface of single-walled boron nanotube of (6,6) type and have studied the mechanism of
this process. We confirmed that the formation of gas-phase composite materials based on the boron nanotube is
possible.
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