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Introduction

In the last years there has been an increasing in-
terest in the study of boron nitride nanotubes
(BNNTSs), which are inorganic analogues of carbon
nanotubes. This interest is partly motivated by the
potential significance of these systems in the field
of nanotechnology. In particular, similar to carbon
nanotubes, BNNTs are thought to be promising
materials for applications in hydrogen storage de-
vices. Recently, several experimental and theoreti-
cal studies on hydrogen adsorption on BNNTs
have been reported [1-5]. However, the specific
features of the adsorption of a single H atom on
BNNTs have not been clearly understood yet. In
this connection, a more systematic study concern-
ing this problem might be useful.

In this report, we investigate the adsorption of a
hydrogen atom on the outer surface of single-
walled BNNTSs through the semi-empirical AMI
(Austin Model) calculations. Our primary objective
is to identify the preferable adsorption sites and to
determine the adsorption energies for different
BNNTs. We confine our consideration to the
BNNTs with the chiral index (n,0), since experi-
mental investigations have shown that BNNTs tend
to have a zigzag structure during their growth.

Results and discussion

In order to carry out a meaningful computer
calculation of the adsorption process of atomic H
on the sidewall of the zigzag BNNTs (,0), we
have assumed that the ends of the tubes are termi-
nated by hydrogen atoms. We have performed cal-
culations of the quantities relevant to the adsorp-

Fig.1. BNNTs (5,0) with hydrogen atom adsorbed
on its surface.
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Fig.2. Total energy E,, of the hydrogen-terminated

BNNTs (5,0) with the adsorbed H atom on the top of
the B atom (a) and on the top of the N atom (b) ver-
sus the distance d between the adatom and the tube .

tion on the BNNTSs (#,0) with n = 5-10. The simu-
lation tube (5,0), shown in Fig.1, contained 55 bo-
ron atoms plus 55 nitrogen atoms in the tube wall
and 10 hydrogen atoms at the ends of the tube plus
one H atom adsorbed on it. Thus, the smallest tube
we have considered is large enough to exclude
edge effects from the adatom — substrate BNNT
interaction at the sites located far from the ends of
the tube. This is the more so true for the largest
simulation tube (10,0) considered, which contained
240 atoms. Adsorption at the centre of the B-N
hexagon has not be treated, as it is not expected to
be the most active site for the H adatom.
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Fig.3. Calculated adsorption energies E , of a sin-
gle hydrogen atom on the zigzag BNNTSs (,0) with
n ranging from 5 to 10 versus the radius R of the
tube. The heavy dots and triangles refer to the ad-
sorption on the B atom and the N atom, respectively.

To examine the adsorption properties, we have
first optimized the geometric structures of all the
clean tubes under consideration. Secondly, for each
tube we have found the optimal adsorption dis-
tance d, between the H atom and the tube. To do
this, we have calculated the total energy

E.[BNNT+22H+H]  of the hydrogen-

terminated BNNTs with the adsorbed H atom on
the top of the B or N atom as a function of the dis-
tance d between the adatom and the tube. As an
example, in Fig. 2 we show the result of our calcu-
lations for the (5,0) tube, which is typical. The
curves in this figure are characterized by the pres-
ence of the global energy minimum at the point
d =d,. The negative values of £ [BNNT+2nH+H]
at this point indicate that the chemical bond be-
tween the H atom and the tube is formed. The
comparison of the curves in Fig. 2 also shows that
the adsorption on the top of the N atom is energeti-
cally more favorable than that on the top of the B
atom.

The adsorption energy E,, of the H atom on the
surface of the BNNT (#,0) can be calculated in terms of
the above-mentioned total energy £, [BNNT +2xH + H] »

the total energy E,_ [BNNT+2xH] of the hydrogen-
terminated pristine tube and the energy E,, [H] ofa
single free hydrogen atom:
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E, =E [BNNT+2nH +H]-
- E, [BNNT +2rH]| - E,, [H].

The results of our calculations of E,, are given

in Fig. 3 as a function of the radius R of the tube.
As the figure clearly shows, the H atom prefers to
be adsorbed on the top of the nitrogen atom. The
figure also shows that there is a systematic increase
in E , with increasing R. Thus we have come to a
somewhat surprising conclusion that in order to
enhance hydrogen storage of BNNTs one should
preferably use those with the smallest radii.

We have found that, as the H adatom approach-
es the surface of BNNT, it acquires a positive
charge at the expense of the nearest-neighboring
atom of the BNNT. Our calculations have shown
that the largest charge transfer from the adatom to
the nanotube occurs when the H atom is adsorbed
on the top of the N atom (in this case its value for
the nanotubes considered is about 0.23 — 0.25 of
the electron charge). This is not surprising, since it
is well known that nitrogen atoms are more elec-
tronegative that boron ones. Thus, we conclude
that a single H atom adsorbed on the surface of
BNNTs exists substantially in a cationic state.
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