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Radial deformation-induced high-capacity hydrogen storage in Li-coated zigzag boron nanotubes
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We show that a Li-coated zigzag (2,2) boron nanotube can serve as a high-capacity hydrogen storage medium
using first-principles density functional theory. The present results indicate that the radial deformation of a
Li-coated boron nanotube can strengthen the binding of Li atoms to the boron nanotube due to the hybridization
between Li-p orbitals and B-p orbitals. Interestingly, the induced large surface curvature of the Li-coated nanotube
can make the H2 molecules directly adsorbed on the nanotube. Through the electronic analysis we find that not
only the polarization mechanism but also the orbital hybridization between H-s orbitals and Li-p (B-p) orbitals act
on the adsorbed H2 molecules. The Li-coated zigzag (2,2) boron nanotube reported here can store hydrogen up
to 7.94 wt% with the adsorption energy of 0.12–0.20 eV/H2 and the whole system is favorable for the reversible
hydrogen adsorption/desorption at ambient conditions.
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I. INTRODUCTION

Hydrogen is being considered as an important element for
future energy schemes because of its efficiency, abundance,
and environmental friendliness.1 However, one of the most
difficult challenges in realizing hydrogen economy is to find
materials that can store hydrogen with high gravimetric and
volumetric density at near ambient thermodynamic conditions.

In recent years, carbon-based nanostructures have widely
attracted attention as potential hydrogen storage media, for
example, carbon nanotubes (CNT),2,3 carbon fullerenes,4–8

ethylenes,9–11 and graphenes.12–15 However, H2 molecules
bind weakly to pristine carbon materials via van der Waals
interactions. Therefore, coating the carbon surfaces with metal
atoms has recently been presented to improve storage perfor-
mance. On the one hand, coating carbon nanostructures with
early transition-metals (TM)2,6,9 can enhance the hydrogen
adsorption energies up to 0.2–0.6 eV/H2 via the Kubas
interaction.16,17 Unfortunately, homogeneously coating carbon
surfaces with TM atoms are metastable and the TM atoms
would cluster on the surfaces.4 In addition, the dissociation of
the first H2 molecule added to the TM atoms will also lower
the gravimetric density. On the other hand, it was suggested
that alkali metals (AM) and alkaline-earth metals (AEM),
especially Li (Ref. 3) and Ca (Refs. 7 and 13), can produce a
uniform coating due to their lightweight and lower cohesive
energies (1.5–2 eV) than those of TM (∼4 eV). Besides the
uniform distribution of metal atoms, the adsorption energy
of H2 molecules should lie between the physisorbed and the
chemisorbed states. Early studies claimed that the storage
materials should bind the H2 molecules with the adsorption
energy of 0.2–0.6 eV/H2 (Refs. 18 and 19) or 0.2–0.7 eV/H2

(Ref. 3) whereas some other studies have proposed that
the optimal adsorption energy for mobile applications under
room temperature and moderate pressure should be in the
range of 0.1–0.2 eV/H2 (Ref. 20). Recently, some Li- and
Ca-coated materials have shown excellent achievements with
the desirable adsorption energy.14,21–23

Nowadays some groups turn their attention to some
novel boron-based nanostructures, such as planar sheet,24

fullerenes,25 and single-walled nanotubes,26–28 which possess

the same merits as the C-based materials: lightweight and
porous. AM-coated planar boron sheet29 and B80 fullerenes,22

and Ca-coated B80 fullerenes (boron nanaotube)23 were re-
ported as reversible storage materials due to their strong
binding with metal aotms [e.g., the Li-coated planar boron
sheet can possess a binding energy of 1.80 eV/atom, which
is much higher than the cohesive energy of Li (Ref. 30)]. In
addition, the B-doped carbon materials also achieved better
results. For example, the B-doped graphene can adsorb the
Li atoms with the binding energy of 3.47 eV/atom whereas
the pristine graphene merely attaches the Li atoms with the
binding energy of 1.14 eV/atom.14 All these results indicate
that the B-contained materials can be considered as promising
reversible host materials for hydrogen storage.

In this work, we choose boron nanotubes (BNTs) as the
host materials, which might also have the potential to assemble
reversible hydrogen storage materials with the lightweight Li
atoms. Our main concerns are listed as follows. (i) Can the
strength of the bonding between Li and BNT be strong enough
to hinder the clustering of Li atoms? What is the mechanism
of the bonding? (ii) Is there an evident radial deformation
of nanotubes as the number of attached Li atoms increases?
How does the radial deformation affect the adsorption of H2

molecules? (iii) What is the nature of the bonding of H2

molecules to Li-coated BNT?

II. COMPUTATIONAL DETAILS

Our first-principles calculations are based on spin-polarized
density functional theory at the level of generalized gradient
approximation (GGA)31,32 using the Perdew-Wang (1991)
functional33 as implemented in DMOL3 package. The all-
electron (AE) core treatment and a double numerical basis
with polarization (DNP) set are adopted. All the obtained
structures are optimized without any symmetry constraints.
In the self-consistent-field calculations, the electronic-density
convergence is set to 1 × 10−6 e/Å3. The convergence criteria
during geometry optimization are 10−5 Hartree for the energy,
2 × 10−3 Hartree/Å for the force, and 5 × 10−3 Å for atomic
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displacements. The k point is set to 1 × 1 × 3 and the global
cutoff radius is 5.1 Å for all calculations.

Here we will follow the same vectors that were introduced
by Ni et al.27 to determine the BNT. The (2,2) BNT is set as
the host material. The calculations are carried out in a cubic
supercell geometry of 25 Å × 25 Å × c, where the c equals
twice the periodicity of the nanotube.

III. RESULTS AND DISCUSSIONS

A. Coating BNT with a single Li atom and its mobility
and stability

We first investigate the deposition of a single Li atom on
the BNT (BNT-Li complex). After varying the position of the
Li atom and relaxing all structures, we find that the optimal
position of Li turns out to be above the center of the empty
boron hexagon, as shown in Fig. 1(a). To check the stability
of our model, the binding energy (Eb) between Li and the
nanotube is defined as

Eb = (1/n)[E(BNT ) + nE(Li) − E(BNT − nLi)], (1)

where E(BNT), E(Li), and E(BNT-nLi) are the energy of the
pristine BNT, the energy of a free Li atom, and the total
energy of the BNT with n adsorbed Li atoms, respectively.
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FIG. 1. (Color online) (a) Top view and side view of the optimized
structure of a (2,2) BNT coated with a single Li atom. Here the
large and small balls represent the Li and B, respectively. (b) The
calculated energy plots for the diffusion of a Li atom over the BNT
surface using the NEB calculations. We choose 25 images along the
minimum-energy path. The calculated energy barrier is 1.02 eV.

The calculated value of Eb = 1.92 eV is larger than the
formation heat for the Li atom in the gas phase of 1.62 eV
(Ref. 30). It is known that the stability of a material such as
a Li-coated BNT depends on the mobility of the metal atoms
on its surface because the diffusion of a single metal atom
always serves as the first step in a clustering process. We then
calculate the energy barrier as one Li atom diffuses from the
hexagonal site to a neighboring one using the nudged elastic
band (NEB) method.34–36 As shown in Fig. 1(b), the obtained
high energy barrier of 1.02 eV makes one individual Li atom
thermodynamically stable above the empty hexagonal.

B. Coating BNT with multiple Li atoms
and the binding mechanism

To achieve a higher capacity of storing H2 molecules, now
we turn to discuss the structure and properties of eight Li atoms
coated BNT (BNT-8Li complex), where Li atoms occupy
above all the empty boron hexagons. Interestingly, we find
that the tube is deformed into a quadrangular one [Fig. 2(a)],
but the Li-Li distance is still more than 5 Å which makes
each Li atom adsorb the H2 molecules independently. Because
previous studies have revealed that metal atoms attached on
some host materials are easy to cluster as the number of metal
atoms increases, one may wonder whether the attached Li
atoms reported here would like to remain isolated or aggregate
together. As shown in Figs. 3(c) and 3(d), the configuration
that Li atoms form a cluster is 4.34 eV higher in energy than
when they remain isolated, indicating that the coating complex
is rather stable. To further test the stability of the isolated
BNT-8Li complex, we perform the finite-temperature ab initio
molecular-dynamics (MD) simulations on this complex at
300 K with a time step of 1 fs. After running 5000 steps,
the geometry is still kept and we do not observe any tendency
toward clustering of Li atoms.

The calculated average binding energy per Li atom on BNT
is 2.45 eV/atom, which is larger than that in the BNT-Li
complex, namely 1.92 eV. However, it has been found that the
average binding energy per Li atom on other host materials
decreases slightly with the number of adsorbed Li atoms
increasing.3 An explanation of this remarkable difference of
the binding energy is sought in the electronic energy structure
and partial density of states (PDOS). Figure 2(b) illustrates the
PDOS of the BNT-8Li complex, where Li p orbitals participate
in the bonding. The attached Li first donates the s electrons to
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FIG. 2. (Color online) (a) Top view of the optimized configuration
of a (2,2) BNT coated with 8 Li atoms. (b) The partial density of states
(PDOS) of Li and B atoms in BNT-8Li complex.
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FIG. 3. (Color online) (a) Isolated and (b) dimeric configurations
of the BNT-2Li complex. The relative energy �E represents the total
energy discrepancy between these two different configurations, which
is evaluated referring to the isolated one. (c) Isolated and (d) clustered
configurations of the BNT-8Li complex. The �E is also evaluated
referring to the isolated one.

the BNT so that B p orbitals are partially filled. Meanwhile,
the empty p orbitals of the Li will split under the strong ligand
field generated by the BNT. Then the BNT back donates
some electrons to the low-lying Li p orbitals, leading to a
strong hybridization between B 2p and Li 2p orbitals. This
bonding mechanism can also be observed in the case of Li
binding onto B80 fullerenes22 and boron-doped graphenes.14

An obvious radial deformation of BNT has been observed
as the amount of attached Li atoms increases, which will
affect the ligand field, and thus affect the amount of electrons
back denoted from BNT to Li empty p orbitals. The Mulliken
charge analysis (Table III) clearly shows that the Li of BNT-Li

complex denotes more s electrons to the B substrate than that
in the BNT-8Li complex, whereas the B substrate of BNT-8Li
complex back donates more electrons to the Li empty p orbitals
than that in the BNT-Li complex. The p-p hybridization is
substantially stronger than the s-p hybridization, so the average
binding energy per Li atom on BNT in the BNT-8Li complex
possesses a higher value but with a relatively smaller net charge
transfer. The increase of binding energy per Li atom on BNT
is more effective to prevent the clustering of Li atoms, which
is helpful to the reversibility.

C. Hydrogen adsorption on BNT-Li complex

To inspect the interaction of H2 molecules with Li-coated
BNT, we define the hydrogen adsorption energy (Ead) as,

Ead = E[BNT − mLi − (n − 1)H2] + E(H2)

− E(BNT − mLi − nH2), (2)

and the average hydrogen adsorption energy (Eaad) as,

Eaad = (1/n)[E(BNT − mLi) + nE(H2)

− E(BNT − mLi − nH2)], (3)

where the E(BNT-mLi-nH2) is the total energy of BNT-mLi
complex with n adsorbed H2 molecules. The “m” and “n”
indicate the numbers of Li atoms and H2 molecules. We begin
with the results of H2 molecules adsorbed on BNT-Li complex.
The first H2 molecules is adsorbed in molecular form, which
prefers to be parallel to the surface of the BNT as highlighted
in Fig. 4 with a large binding energy of 0.21 eV. Step by
step, we add additional H2 molecules close to the Li atom of
BNT-Li complex. The average adsorption energies (Eaad) of
H2 molecules are in the optimal range of 0.14–0.21 eV/H2

(Table I), which are as large as that found in the case of
Ca coated on a (3,3) BNT adsorbing the H2 molecules.23

In particular, the average adsorption energy (Eaad) of the
BNT-Li-4H2 system can reach up to 0.14 eV/H2, however,
the corresponding adsorption energy (Ead = 0.05 eV) seems
too small. Hence the fourth H2 molecule attached to Li is not
thermodynamically stable at room temperature.

D. Hydrogen adsorption on BNT-8Li complex and the
interaction mechanism

As stated above, the geometry structure of BNT has changed
obviously when eight Li atoms are attached to BNT. The tube is

Eaad = 0.14 eV/H2Eaad = 0.17 eV/H2Eaad = 0.17 eV/H2Eaad = 0.21 eV/H2

FIG. 4. (Color online) Optimized configurations of Li-coated (2,2) boron nanotube with one to four adsorbed H2 molecules. Here the large,
medium, and small balls represent the Li, B, and H, respectively.
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FIG. 5. (Color online) (a) Top view of the BNT-8Li-24H2 system.
The H2 molecules moving toward the corner are indicated by red
arrows. (b) Top view of the optimized configuration of a single
H2 molecule attached to the corner of BNT-8Li complex. The
adsorption energy is 0.14 eV. (c) Top view of BNT-8Li-16H2 system.
The first two H2 molecules are adsorbed by the Li atoms closely.
(d) Top view and (e) side view of the optimized configuration of the
BNT-8Li-32H2 system. The different kinds of adsorbed H2 molecules
are indicated as HA–HD , respectively.

TABLE I. Average adsorption energies (Eadd) and adsorption
energies (Ead) of H2 on BNT-Li complex and the corresponding bond
lengths.

System Eaad (eV/H2) Ead (eV/H2) dH−H (Å) dLi−H (Å)

BNT-Li-H2 0.21 0.21 0.752 2.097–2.106
BNT-Li-2H2 0.17 0.14 0.753 2.198–2.300
BNT-Li-3H2 0.17 0.17 0.752–0.753 2.281–2.399
BNT-Li-4H2 0.14 0.05 0.751–0.752 2.510–2.704

deformed into a quadrangular one, resulting in a large surface
curvature in the corner. One may wonder whether this radial
deformation will affect the hydrogen uptaking in the BNT-8Li
complex. In detail, when three H2 molecules are adsorbed
around each Li atom of BNT-8Li complex, one H2 molecule
moves to the corner [indicated by red arrows in Fig. 5(a)]. A
similar phenomenon can also be observed when multiple Ca
atoms bind on a (3,3) BNT.23 Consequently, we turn to analyze
the adsorption of a single H2 molecule to the corner of BNT-8Li
complex, as shown in Fig. 5(b). Surprisingly, the adsorption
energy of this H2 molecule can reach up to 0.14 eV. It is obvious
that the corner of BNT is attractive for the H2 molecules as well
as the coated metal atoms. Since there is still much spare room
around the corner, it is easy to image adding more H2 molecules
around the corner to increase the hydrogen storage capacity.
As shown in Figs. 5(d) and 5(e), eight more H2 molecules are
attached to the corners of the former BNT-8Li-24H2 system.
Seen from Table II, the calculated adsorption energies (Ead)
of BNT-8Li-24H2 and BNT-8Li-32H2 systems [Figs. 5(a) and
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FIG. 6. (Color online) Here H1 and H2 represent the charge of two different hydrogen atoms in one H2 molecule of BNT-8Li-32H2 system
where the H2 atom is closer to the Li or B atoms than the H1 one. H2(n) indicates the H2 molecules attracted by/close to the different Li atoms
coated on BNT. (a–d) show the H1 and H2 values of HA–HD , respectively.
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FIG. 7. (Color online) The PDOS under the Fermi level EF :
(a) HA, (b) HB , (c) Li, and (d) B atoms close to Li, (e) HC , (f)
B atoms close to HC , (g) HD and (h) B atoms close to HD in the
BNT-8Li-32H2 system.

5(d)] are 0.13 and 0.12 eV/H2, whereas the corresponding
average adsorption energies (Eaad) are 0.16 and 0.15 eV/H2,
respectively.

To conveniently discuss the binding mechanism of H2

molecules on BNT-8Li, we classify hydrogen molecules as two
sets as shown in Figs. 5(d) and 5(e): one (indicated as HA and
HB) is adsorbed around the Li atoms and the other (indicated
as HC and HD) is located around the corners of BNT. For HA

and HB , the binding mechanism of H2 molecules to BNT-8Li
complex is in essence the same as that of H2 molecules on
AM-coated B80 (Ref. 22) and Li-coated CNT,3 which is related

TABLE II. The average hydrogen adsorption energies (Eadd)
and hydrogen adsorption energies (Ead) of BNT-8Li complex with
different numbers of adsorbed H2 molecules in Fig. 4.

System Eaad (eV/H2) Ead (eV/H2) dH−H (Å)

BNT-8Li-8H2 0.20 0.20 0.754–0.756
BNT-8Li-16H2 0.17 0.16 0.754–0.756
BNT-8Li-24H2 0.16 0.13 0.752–0.756
BNT-8Li-32H2 0.15 0.12 0.752–0.756

TABLE III. The Mulliken atomic charge of Li atoms in BNT-Li
complex, BNT-8Li complex and BNT-8Li-32H2 system.

Li atom BNT-Li BNT-8Li BNT-8Li-32H2

Net charge (e) +0.131 +0.067 −0.003–0.001
2s (e) 0.289 0.325 0.345–0.347
2p (e) 0.517 0.542 0.582–0.584

to the high electric field near the AM atoms. As summarized in
Table III, the Li atoms partially donate their valence electrons
to the B substrate, which binds H2 in a molecular form due
to the polarization mechanism.37 In addition, with the help of
Mulliken charge analysis, it is clearly seen from Figs. 6(a) and
6(b) that the H atoms close to Li atoms lose more electrons
than the ones far from Li atoms, which can also be confirmed
through the deformation charge distribution [Fig. 8(b)]. Here,
the small charge transfer from HA and HB to BNT-8Li complex
can be explained by an evident hybridization between H s and
Li 2p orbitals. As revealed in Figs. 7(a) through 7(d), the
peaks of Li p orbitals located at −7.67, −4.74, and −1.82 eV
hybridize with HA and HB in the lower energy range, where
H s orbitals overlap with the Li 2p orbitals at −7.67 eV. On
the other hand, the bands of Li also interact with those of B
substrate around the energies of −7.70, −4.74, and −1.82 eV,
where some sharp peaks of Li 2p orbitals and/or 2s orbitals
can be observed. This suggests that Li acts as a “bridge” in
this reaction, which interacts with the H2 molecules and the B
substrate simultaneously. This binding has also been observed
in the case of H2 molecules adsorbed on Li-coated CNT.3

As a result, parts of the charge of H2 molecules will finally
transfer to the B substrate through the Li atoms, this can also
be confirmed by Mulliken charge analysis [Figs. 6(a) and 6(b)
and Table III] which clearly indicates that HA and HB donate
totally more than 0.10 e to BNT-8Li complex, whereas the
attached Li merely accepts about 0.07 e, so the surplus charge
will transfer to the B substrate. It is obvious that the orbital
hybridization between H s and Li 2p orbitals is helpful to
the adsorption of H2 molecules (HA and HB) on BNT-8Li
complex.

Interestingly, the H2 molecules (HC and HD) are adsorbed
around the corner of BNT with optimal adsorption energies.
On the contrary, the binding of H2 molecules to the pristine
boron nanotubes and carbon nanotubes is very weak. Upon
the attachment of eight Li atoms, the surface curvature at
the corner becomes very large where the angle formed by
two faces is approximately 90◦, resulting in a relatively high
charge density distribution at the corner [Fig. 8(a)] that makes
the corner capable of adsorbing the H2 molecules strongly.
A recent report38 has claimed that molecular adsorption in
pristine carbon-based materials is explicitly dependent upon
the curvature of graphitic nanostructures [e.g., the graphite
binds the H2 molecules with very small adsorption energies of
0.04 eV/H2 (Ref. 38) whereas the C35B cluster with a small
radius can bind the H2 molecules with adsorption energies of
0.39 eV/H2].39 In detail, as shown in Figs. 6(c) and 6(d), it
is obvious that there is no significant charge transfer existing
between the H2 molecules and BNT-8Li complex (H1 ≈ −H2).
Therefore the polarization interactions still mainly contribute
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(a) (b)

FIG. 8. (Color online) (a) The two-dimensional deformation charge density distribution of the boron surface marked in gray color [Fig. 2(a)].
A color spectra spans from blue to red represent value from 0 to 2.0 × 10−1 e/Å3. The charge density of the B atoms at the corner is as high as
that of the B atoms bound to Li. (b) The deformation charge density distribution of the BNT-8Li-32H2 system. The deformed density marked
in blue corresponds to the region that contains excess electrons, while that marked in yellow indicates electron loss. The isosurface value is
about 0.03 e/Å3.

to the binding of BNT-8Li complex with HC and HD , which
involves the charge redistribution in the polarized H-H dipoles.
As a result, the H-H bond lengths slightly expand from
0.745 Å (the value of the free molecular state) to 0.752–
0.754 Å. In addition, seeing from a further comparison of
the accurate value of H1 and H2, we have found that the
absolute value of the former one is slightly larger than that
of the latter one (namely, −0.037 e for H1 and 0.032 e for H2),
indicating that there exists a very small charge transfer from

(c)(a) (b)

(d) (e)

6.105 Å 

FIG. 9. (Color online) (a) Top view of the multiple Li coated
(3,3) BNT, the calculated Eb between the Li atom and the BNT is
2.27 eV. (b) Top view of the BNT(3,3)-12Li-24H2 system. The first
two attached H2 molecules can be adsorbed by each Li atom closely.
(c) Top view of the BNT(3,3)-12Li-36H2 system. The H2 molecules
moving toward the corners are indicated by red arrows. (d) Top view
and (e) side view of the BNT(3,3)-12Li-48H2 system.

the B substrate to H2 molecules. This can also be confirmed by
the deformation charge density distribution [Fig. 8(b)] which
clearly indicates that the charge around those H atoms is
visible. Comparing Figs. 7(e) [7(g)] with Figs. 7(f) [7(h)], it

(a) (b)

(c) (d) 

FIG. 10. (Color online) (a) Top view of the (4,0) BNT and
(b) top view of the multiple Li-coated (4,0) BNT. The comparison of
these two configurations indicates that the nanotube does not change
obviously and the calculated Eb of Li onto the BNT is 2.21 eV.
(c) Top view and (d) side view of the BNT(4,0)-8Li-24H2 system.
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 )b(  )a(

FIG. 11. (Color online) (a) Side view of the (3,3) BNT and
(b) side view of the (4,0) BNT. The red atoms in (a) will become
the arris formed by two faces when the tube is deformed into a
hexagonal one.

shows that H s orbitals overlap with the B 2p orbitals at about
−6.56 eV (−6.64 eV). The s-p hybridization also strengthens
the adsorption of HC (HD) to the B substrate.40

E. BNTs with different diameters or chiralities

It is important to know if the results reported above for
(2,2) BNT hold for other nanotubes and how they depend on
the diameter and chirality. Therefore we have also studied
Li-coated (3,3) and (4,0) nanotubes.

We first consider the coating of Li onto a zigzag (3,3) BNT.
As shown in Fig. 9(a), this tube is deformed into a hexagonal
one, which agrees well with the case of Ca-coated (3,3) BNT.23

Here the first two attached H2 molecules are also adsorbed by
each Li atom strongly with the adsorption energies (Ead) of
0.16–0.18 eV/H2 [Fig. 9(b)], whereas the third H2 molecules
attached to each Li move toward the corners [Fig. 9(c)]. The
calculated adsorption energy (Ead) for the BNT(3,3)-12Li-36H2

system can reach up to 0.12 eV/H2, indicating that the corners
also have the capacity to adsorb the H2 molecules. Hence,
we put 12 more H2 molecules in the spare room around the
corners and the calculated adsorption energy (Ead) for the
optimized BNT(3,3)-12Li-48H2 system [Figs. 9(d) and 9(e)] is
0.10 eV/H2. It is evident that the radial deformation in this
nanotube can also leads to a enhancement of hydrogen uptake,
and thus, the final hydrogen gravimetric density can reach up
to 7.94 wt%. Then, we turn to investigate the coating of Li
onto a armchair (4,0) BNT. As shown in Figs. 10(a) and 10(b),
no obvious radial deformation can be observed when multiple
Li atoms are bound. As a result, only three H2 molecules can
be adsorbed around each Li atom [Figs. 10(c) and 10(d)] with
the ideal adsorption energies (Ead) of 0.12–0.18 eV/H2 and
the final hydrogen gravimetric density is merely 6.08 wt%.

The difference between the zigzag (3,3) BNT and the
armchair (4,0) BNT comes from their different structural
characteristics. As shown in Fig. 11(a), the red atoms in a

straight line will become the arris formed by two faces when
the tube is deformed into a hexagonal one, which merely
distort some B-B-B bonds. However, if the atoms in a straight
line parallel to the central axis of the (4,0) BNT become
such an arris [Fig. 11(b)], some boron triangular lattices
would be broken, suggesting that the radial deformation can
hardly take place in the armchair BNTs. Furthermore, the
radial deformation might be found in other Li-coated (n,n)
BNT, which would be deformed into a 2n-polygonal one.
Nonetheless, the radial deformation induced enhancement
of hydrogen uptake is not suitable for all the zigzag (n,n)
BNTs. Here the adsorption energy Ead of H2 molecules onto
the corners of the (2,2) BNT (namely, 0.12–0.13 eV/H2) is
slightly higher than those of the (3,3) BNT (namely, 0.10–0.12
eV/H2). On the one hand, the curvature at each corner of the
(3,3) BNT becomes smaller, thus the capacity of the corners
adsorbing the H2 molecules will decrease.38 On the other
hand, the spare room around each corner has been reduced
gradually [Figs. 2(a) and 9(a)] and the repulsion from the
previously adsorbed H2 molecules will also limit the uptake of
the additional H2 molecules. Therefore, as the diameter of the
zigzag BNTs increases, the H2 molecules are mainly adsorbed
by the Li atoms.29

IV. CONCLUSION

In summary, we have used density functional theory
calculations to show that Li-coated (2,2) BNT exhibits
high hydrogen storage capacity (∼7.94 wt%). The hydrogen
adsorption energy of 0.12–0.20 eV/H2 (at the GGA level)
suggests that desorption of hydrogen near room temperature
is very likely. The H2 molecules can be adsorbed not only on
the Li atoms, but also on the BNT. The polarization interaction
and orbitals hybridization are responsible for the binding of
hydrogen to Li-coated BNT system. On the experimental
side, the single-walled boron nanotubes were successfully
synthesized,26 which has provided a way to realize Li-coated
BNT proposed here. We anticipate that the theoretical results
here will also provide a useful reference for searching effective
hydrogen storage materials in the laboratory.
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