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Abstract The adsorptions of hydrogen molecule of the Fe−
doped pristine and Stone−Wales defected armchair (5,5)
single−walled carbon nanotubes (SWCNTs) compared with
the pristine SWCNT were investigated by using the density
functional theory at the B3LYP/LanL2DZ level. The doping
of Fe atom into SWCNTs occurring via an exothermic
process was found. The adsorptions of hydrogen molecule
on the Fe−doped structures of either perfect or SW defected
SWCNTs are stronger than on their corresponding undoped
structures. The structural and electronic properties of the
pristine and SW defected SWCNTs, their Fe−doped struc-
tures and their hydrogen molecule adsorptions are reported.
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Introduction

Since the discovery of multi wall carbon nanotubes
(MWCNTs) in 1991 [1] and single wall carbon nanotubes
(SWCNTs) in 1993 [2], they have attracted the attention of
the researchers due to their extraordinary structural, mechan-
ical and electrical properties and a variety of potential appli-
cations including the hydrogen storage [3].

Hydrogen is the cleanest energy source and in the future
the hydrogen energy system is expected to progressively
replace the existing fossil fuels. The suitable material used
for hydrogen storage should be high storage capacity, re-
lease of hydrogen at room temperature and moderate pres-
sure. One of the possible methods of hydrogen storage is the
adsorption of hydrogen on materials with a large specific
surface area such as carbon nanotubes (CNTs). Since the
first experimental reported by Dillon and co−workers, hy-
drogen is storaged in CNTs [4]. The hydrogen adsorptions
on the surfaces of SWCNTs have attracted considerable
experimental and theoretical interest [5–11]. In order to
enhance hydrogen storage capacity, the transition metal−
doped SWCNTs and defected structures are adopted and
much progress is made. Many of the research works
reported that the foreign atoms [12] can be doping on the
side wall of SWCNTs [13–15] including to Fe atom [16,
17]. The physisorption of hydrogen on SWCNT is found at
low temperature [7]. The physisorption energies per hydro-
gen molecule decrease when the surface of SWCNTs is fully
covered [8]. Hydrogen adsorption is found to be dependent
on the micropore volume as well as the pore−size, larger
micropore volumes showing higher hydrogen adsorption
capacity [10]. The hydrogen adsorption on Pd−doped
SWCNTs has been investigated and reported [11]. The
binding energy of hydrogen storage capacity can be further
enhanced by using the Pd−doped SWCNTs. Hydrogen ad-
sorption on Eu−doped SWCNTs has also been calculated.
The results indicate that five H2 per Eu atom can be
adsorbed in the Eu−doped SWCNT systems [18]. The the-
oretical study of the sidewall reactivity based on SWCNT in
reacting with C2H4, O2, and O3 species illustrates that the
central C−C bond of carbon ad−dimer defects in SWCNT
is chemically more reactive than that of perfect sites (PS)
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[19]. The 5−7−7−5 Stone−Wales (SW) defects are more
highly reactive than perfect tube walls confirmed for the
reaction with methylene [20, 21].

In the present work, the adsorption abilities for hydrogen
gas on Fe−doped pristine and Stone−Wales defected arm-
chair (5,5) SWCNTs compared with their corresponding
undoped structures have been investigated by using the den-
sity functional theory (DFT) method. Structural and electronic
properties for clean structures of pristine and SW−defected
SWCNTs, their Fe−doped and their hydrogen gas adsorption
structures have been determined and reported.

Computational details

The structural properties of perfect sited SWCNT (PS−
SWCNT), Stone−Wales defected 7−5−5−7 SWCNT
(SW1−SWCNT), Stone−Wales defected 5−7−7−5
SWCNT (SW2−SWCNT), Fe− doped perfect sited
SWCNT (Fe−PS−SWCNT), Fe−doped SW1 SWCNT
(Fe−SW1−SWCNT), Fe−doped SW2 SWCNT (Fe−SW2
−SWCNT) and their hydrogen adsorptions (H2/PS−
SWCNT, H2/SW1−SWCNT, H2/SW2−SWCNT, H2/Fe−
PS−SWCNT, H2/Fe−SW1−SWCNT and H2/Fe−SW2−
SWCNT) have been optimized by using the DFT method.
The calculations with hybrid density functional B3LYP have
recommended the Becke’s three−parameter exchange func-
tional [22] with the Lee−Yang−Parr correlation functional
[23], using the Los Alamos LanL2DZ split−valence basis
set [24–26]. All calculations were performed using
GAUSSIAN 03 program [27]. The electronic properties of
the undoped and Fe−doped SWCNTs and their hydrogen
adsorptions were analyzed. The electronic densities of states
(DOSs) for the undoped and Fe−doped SWCNTs and their
hydrogen adsorption were investigated and plotted by the
GaussSum 2.1.4 program [28]. The partial charge transfer
(PCT) [29] during hydrogen adsorption which is defined as
a change of hydrogen charges during adsorption by using
natural bond orbital (NBO) analysis implemented in
GAUSSIAN 03 program.

The binding energy (ΔEb) of the Fe−doped SWCNT in
the fully optimized geometry is obtained from Eq. 1.

$Eb ¼ E Fe� SWCNT½ � � E SWCNT½ � � E Fe½ � ð1Þ

Where E[Fe−SWCNT] is the total energy of the Fe−
doped on a perfect or defected SWCNT, E[SWCNT] is the
total energy of the perfect or defected SWCNT, and E[Fe] is
the total energy of the isolated Fe atom.

The adsorption energies (ΔEads) of hydrogen molecule
on undoped and Fe−doped perfect and SW−defected
SWCNTs in the fully optimized geometry are calculated
from Eqs. 2 and 3, respectively.

$Eads ¼ E H2=SWCNT½ � � E SWCNT½ � � E H2½ � ð2Þ

$Eads ¼ E H2=Fe� SWCNT½ � � E Fe� SWCNT½ � � E H2½ � ð3Þ
Where E[H2/SWCNT] is the total energy of the hydrogen

adsorbed on a perfect or defected SWCNT, E[H2/Fe−
SWCNT] is the total energy of the hydrogen molecule
adsorbed on a Fe doped perfect or defected SWCNT and E
[H2] is the total energy of the isolated hydrogen molecule.

Results and discussion

Geometries of the undoped and Fe−doped SWCNTs
and their adsorptions with hydrogen molecule

The B3LYP/LanL2DZ optimized structures of undoped and
Fe−doped SWCNTs are displayed in Figs. 1 and 2,

Fig. 1 The B3LYP/LanL2DZ optimized structures of (a) PS−
SWCNT, (b) SW1−SWCNT and (c) SW2−SWCNT. Top and bottom
are side and front views of tubes

Fig. 2 The B3LYP/LanL2DZ optimized structures of the Fe−doped as
(a) Fe−PS−SWCNT, (b) Fe−SW1−SWCNT and (c) Fe−SW2−
SWCNT. Top and bottom are side and front views of tubes
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respectively, and the selected geometrical parameters of the
data of all optimized structures are tabulated in Table 1. The
C1−Fe (1.805 Å), C2−Fe (1.797 Å) and C3−Fe (1.797 Å)
bond lengths of Fe−doped SWCNTs are longer than C1−C
(1.418Å), C2−C (1.442 Å) and C3−C (1.441Å) bond lengths
of undoped SWCNTs. The C1−Fe−C2 (94.4o), C2−Fe−C3

(99.5o) and C3−Fe−C1 (94.4o) bond angles for Fe−doped
SWCNTs are smaller compared to C1−C−C2 (118.7o), C2−
C−C3 (120.2o) and C3−C−C1 (118.7o) bond angles of the
undoped SWCNTs. Clearly, doping of Fe atom causes the
deformation of the six−membered rings in the doping site of
the SWCNTs and the SWCNT surfaces are protruding

Table 1 Selected geometrical parameters of the pristine and SW defected SWCNTs, their Fe−doped structures and their hydrogen adsorptions,
computed at the B3LYP/LanL2DZ level

Species Bond length (Å) Binding distance (Å) Bond angle (O)

C1−Ma,b C2−Ma,b C3−Ma,b M−Hb C1−M−C2 C2−M−C3 C3−M−C1

Species of PS−SWCNT:

PS−SWCNT 1.418 1.442 1.441 − 118.6 120.3 118.6

Fe−PS−SWCNT 1.805 1.797 1.797 − 94.4 99.5 94.4

H2/PS−SWCNT 1.418 1.441 1.441 3.142 (C−H1) 3.886 (C−H2) 118.7 120.2 118.7

H2/Fe−PS−SWCNT 1.818 1.799 1.799 1.980 (Fe−H1) 2.016 (Fe−H2) 93.5 99.0 93.5

Species of SW1−SWCNT:

SW1−SWCNT 1.406 1.468 1.468 − 108.9 120.7 108.9

Fe−SW1−SWCNT 1.782 1.884 1.884 − 85.2 91.6 85.2

H2/SW1−SWCNT 1.406 1.468 1.468 3.442 (C−H1) 4.174 (C−H2) 108.9 120.7 108.9

H2/Fe−SW1−SWCNT 1.786 1.888 1.888 2.096 (Fe−H1) 2.170 (Fe−H2) 84.5 88.8 84.5

Species of SW2−SWCNT:

SW2−SWCNT 1.352 1.467 1.467 − 126.6 106.8 126.6

Fe−SW2−SWCNT 1.690 1.831 1.831 − 99.1 91.7 99.1

H2/SW2−SWCNT 1.353 1.467 1.467 3.406 (C−H1) 4.168 (C−H2) 126.6 106.8 126.6

H2/Fe−SW2−SWCNT 1.686 1.840 1.840 2.094 (Fe−H1) 2.094 (Fe−H2) 98.2 90.4 98.2

a C1, C2 and C3 are atoms on the SWCNTs which are defined in Fig. 1
bM is C atom for without Fe doping species and Fe metal which is doped on SWCNT species labeled in Figs. 1 and 2, respectively

Fig. 3 The B3LYP/LanL2DZ
optimized structures of the
hydrogen molecule adsorption
configurations of (a) H2/PS−
SWCNT, (b) H2/SW1−
SWCNT and (c) H2/SW2−
SWCNT. Top and bottom are
side and front views of tubes.
Bond distances are in Å
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similarly to pyramidal structure. The buckling pattern of C−Fe
sp2 bonds in which C atoms slightly protrude Fe atom to out
side surface is visible for all systems. The optimized structures
of hydrogenmolecule adsorbed on the undoped and Fe−doped
SWCNTs computed at B3LYP/LanL2DZ level of theory are
displayed in Figs. 3 and 4, respectively and the selected geo-
metrical parameters are tabulated in Table 1. The adsorptions
of hydrogen molecule on the undoped SWCNTs are not af-
fected by the C1−C, C2−C and C3−C bond lengths. Whereas
for the hydrogen molecule adsorbed on Fe−doped
SWCNTs, the C1−Fe, C2−Fe and C3−Fe bond lengths
are longer than that without hydrogen adsorptions. The
adsorptions of hydrogen molecule on the undoped
SWCNTs are not affected to C1−C−C2, C2−C−C3
and C3−C−C1 bond angles. Whereas the C1−Fe−C2,
C2−Fe−C3 and C3−Fe−C1 bond angles of hydrogen
molecule adsorbed on Fe−doped SWCNTs are narrowed
compared to without hydrogen adsorptions. The results
indicate that hydrogen adsorptions have more affect on
the geometrical structures at the adsorption sites of Fe−
doped SWCNTs than that of the undoped SWCNTs.

Binding energies of Fe−doped SWCNTs and adsorption
energies of hydrogen molecule adsorbed on SWCNTs

The binding energies of Fe atom on the side wall SWCNTs are
tabulated in Table 2. The binding energies of Fe−doped on
perfect and defected SWCNTs indicate that the binding occurs
via the exothermic processes. The binding strengths for Fe−
doped PS−, SW1− and SW2−SWCNTs are in decreasing
order: Fe−SW2−SWCNT (ΔEb0−219.36 kcal mol−1)>Fe−
PS−SWCNT (ΔEb0−188.99 kcal mol−1)>Fe−SW1−
SWCNT (ΔEb0−140.36 kcal mol−1). The SW2−SWCNT
shows the highest reactive to Fe atom. The binding energy
of Fe−doped SWCNTs in this study agrees well with the
previous works [6, 30].

The adsorptions of hydrogen molecule on undoped and Fe−
doped PS−, SW1− and SW2−SWCNTs occur via exothermic

Fig. 4 The B3LYP/LanL2DZ
optimized structures of the
hydrogen molecule adsorption
configurations of (a) H2/Fe−PS
−SWCNT, (b) H2/Fe−SW1−
SWCNT and (c) H2/Fe−SW2−
SWCNT. Top and bottom are
side and front views of tubes.
Bond distances are in Å

Table 2 Binding energies (ΔEb) for Fe atom onto the pristine and SW
defected SWCNTs, computed at the B3LYP/LanL2DZ level

Species ΔEb
a

PS−SWCNT+Fe → Fe−PS−SWCNT −188.99

SW1−SWCNT+Fe → Fe−SW1−SWCNT −140.36

SW2−SWCNT+Fe → Fe−SW2−SWCNT −219.36

a In kcal mol−1

Table 3 Adsorption energies (ΔEads) of hydrogen molecule onto the
pristine and SW defected SWCNTs, their Fe−doped and their PCT,
computed at the B3LYP/LanL2DZ level

Species ΔEads
a PCTb

H2/PS−SWCNT −0.15 0.00

H2/SW1−SWCNT −0.17 0.00

H2/SW2−SWCNT 0.02 0.00

H2/Fe−PS−SWCNT −5.49 0.08

H2/Fe−SW1−SWCNT −3.25 0.03

H2/Fe−SW2−SWCNT −3.88 0.05

a In kcal mol−1

b Defined as a change of adsorbate’s charges of H1+H2 during adsorp-
tion, in e
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processes which are in good agreement with the previous works
[12, 13, 15, 18, 31, 32], except for Fe−SW2−SWCNT species
the adsorption occurs via an endothermic process indicating
that the hydrogen molecule can not absorb on Fe−SW2−
SWCNT. The adsorption energies and partial change transfers
are tabulated in Table 3. The adsorption energies of hydrogen
molecule on Fe−SWCNTs are higher than their corresponding
undoped SWCNTclearly indicating that the doping of Fe atom
improved the adsorption abilities of hydrogen on SWCNTs.
The adsorption strengths are in the ranking of H2/Fe−PS−
SWCNT (ΔEads0−5.49 kcal mol−1)>H2/Fe−SW2−SWCNT
(ΔEads0−3.88 kcal mol−1) ≈ H2/Fe−SW1−SWCNT (ΔEads0
−3 .25 kca l mol− 1 ) > H2/SW1 − SWCNT (ΔE a d s 0
−0 .17 kca l mol− 1 ) ≈ H2/PS − SWCNT (ΔE a d s 0

−0.15 kcal mol−1) indicating that the Fe−PS−SWCNT species
showed the highest suitable for hydrogen adsorptions. More-
over, the Fe−SW2−SWCNT is more reactive than Fe−SW1−
SWCNT. For the undoped SWCNT system, the SW1−
SWCNT is more reactive to hydrogen atoms than PS−and
SW2−SWCNTs, respectively. It is shown that the sidewall
reactivity of Fe−doped SWCNT toward the addition reaction
increases with the increasing of pyramidalization angles, an
indicator of deviation from sp2 to sp3 hybridization. The inter-
action between hydrogen and Fe−doped SWCNT is balanced
by the electronic hybridization [18]. Thus, increasing of bond
length (C−Fe) and pyramidalization angle at the doping site of
the Fe−doped SWCNTs is expected to be more−reactive to
hydrogen than the undoped SWCNTs, corresponding to the
previous reports, in which Pd−[15] and Eu−doped [18]
SWCNTs increase the hydrogen adsorption abilities of
SWCNTs. The previous works, the adsorption energy of hy-
drogen molecule on Pd−doped SWCNT of −6.73 kcal mol−1

[15] and on Eu−doped SWCNT of values within the range of
−6.00 to −11.30 kcal mol−1 [18] were found.

Electronic properties and partial charge transfer

The energies of the highest occupiedmolecular orbital (HOMO)
EHOMO, the lowest unoccupied molecular orbital (LUMO)
ELUMO, the frontier molecular orbital energy gaps (ΔEH−L),
global hardness (η), chemical potential (μ) and electrophilicity
(ω) for the undoped and Fe−doped SWCNTs and their hydro-
gen adsorptions are tabulated in Table 4. Table 4 shows that the
relative reactivity of hydrogen adsorbed on Fe−doped SWCNTs
is in the order: H2/Fe−SW1−SWCNT>H2/Fe−SW2−
SWCNT>H2/Fe−PS−SWCNT, whereas the relative reactivity
of hydrogen adsorbed on undoped SWCNT is in the order: H2/
PS−SWCNT0H2/SW1−SWCNT>H2/SW2−SWCNT. The
ΔEH−L of Fe−doped SWCNTs are lower than their
corresponding undoped SWCNTs, indicating that the SWCNT
clearly changes nearly to a conductor due to the doping of Fe
atom. The energy gap of the hydrogenmolecule adsorbed on PS
−SWCNT, Fe−PS−SWCNTand Fe−SW2−SWCNT are larg-
er than without hydrogen adsorption which is responsible for the
weakened conductance. Plots of HOMOs and LUMOs of the Fe
−doped PS−, SW1− and SW2−SWCNTs and their hydrogen
adsorptions are displayed in Figs. 5 and 6, respectively. The
plots show that the HOMOs of Fe−PS−SWCNT and their
hydrogen adsorption are delocalized around the tube. Interest-
ingly, the LUMOs of Fe−PS−SWCNT and their hydrogen
adsorption are located over doping or adsorption sites. The
electronic chemical potential is a measure of the tendency of
electrons to escape a system and can be related to the energies of
the HOMOs and LUMOs via Koopman’s theorem [33], where I
is the ionization potential and A is the electron affinity [34–36].
Due to the average local ionization energy (Ī) was introduced as
a means for identifying reactive sites on surface including
carbon nanotubes, Ī has been connected to electronegativity,
local polarizability and hardness. These characteristics are

Table 4 Chemical indices of the
pristine and SW defected
SWCNTs, their Fe−doped
structures and their hydrogen
adsorptions, computed at the
B3LYP/LanL2DZ level

aIn eV
bD e f i n e d a s ΔEH − L ( H 2 /
SWCNT) − ΔEH−L(SWCNT)
and ΔEH−L(H2/Fe−SWCNT) −
ΔEH−L(Fe−SWCNT) for sys-
tems of SWCNT and Fe−doped
SWCNTs, respectively
cη 0 Global hardness0(I−A)/2;
I0−EHOMO and A0−ELUMO,
respectively
dμ 0 Chemical potential0(I+A)/2
eω 0 Electrophilicity 0 μ2/2η

Species ELUMO
a EHOMO

a ΔEH−L
a ΔΔEH−L

a,b ηc μd ωe

Species of PS−SWCNT:

PS−SWCNT −2.748 −4.762 2.014 − 1.007 3.755 7.099

Fe−PS−SWCNT −3.076 −4.872 1.605 − 0.802 3.879 6.036

H2/PS−SWCNT −2.667 −4.871 2.204 −0.19 1.102 3.769 7.827

H2/Fe−PS−SWCNT −2.884 −4.653 1.769 −0.16 0.884 3.769 6.281

Species of SW1−SWCNT:

SW1−SWCNT −2.939 −5.143 2.204 − 1.102 4.041 8.998

Fe−SW1−SWCNT −2.939 −4.953 2.014 − 1.007 3.946 7.838

H2/SW1−SWCNT −2.939 −5.143 2.204 0.00 1.102 4.041 8.998

H2/Fe−SW1−SWCNT −2.884 −4.898 2.014 0.00 1.007 3.891 7.623

Species of SW2−SWCNT:

SW2−SWCNT −2.830 −4.898 2.068 − 1.034 3.864 7.720

Fe−SW2−SWCNT −3.075 −4.735 1.660 − 0.830 3.905 6.328

H2/SW2−SWCNT −2.830 −4.898 2.068 0.00 1.034 3.864 7.720

H2/Fe−SW2−SWCNT −2.884 −4.708 1.823 −0.16 0.912 3.796 6.568
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discussed in detail elsewhere [37]. The μ is also equal to the
negative of Mulliken’s electronegativity: the average of I and A
[38]. The global hardness, chemical potential and electrophilic-
ity for Fe−doped SWCNTs are in order: Fe−SW2−SWCNT>
Fe−PS−SWCNT indicating that the Fe−PS−SWCNT is suit-
able for hydrogen adsorption.

The electronic densities of states for the undoped and Fe−
doped SWCNTs with and without hydrogen adsorptions are
plotted in Fig. 7 for better understanding the effect of creating

defect, Fe doping and hydrogen adsorption to the electronic
structure of SWCNTs. The electronic structures observed near
Fermi level of the undoped SWCNTs (Figs. 7a–c), also show
significant change due to the interaction with Fe atom (see
Figs. 7d–f). The band gaps near Fermi level become sharply
narrower and the peaks of the DOSs are nearly continuous,
suggesting that the DOSs of undoped SWCNTs change nearly
to a conductor due to the doping of Fe atom. It is clear that the
presence of Fe atom decreases the energy gaps of the undoped

Fig. 5 The plots of HOMOs
(left) and LUMOs (right) of (a)
Fe−PS−SWCNT, (b) Fe−SW1
−SWCNT and (c) Fe−SW2−
SWCNT, computed at the
B3LYP/LanL2DZ level
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SWCNTs. The total DOSs of hydrogen molecule adsorbed on
the undoped and Fe−doped SWCNTsurfaces are displayed in
Figs. 7g–l. The DOSs at around the Fermi level of hydrogen
molecule adsorbed on undoped and Fe−doped SWCNTs are
slightly changed compared to without hydrogen adsorptions.

In order to appreciate the interaction between Fe atom and
SWCNTs as well as the interaction between hydrogenmolecule
and SWCNTs, it is instructive to analyze the partial charge
transfer. The PCT is defined as the charge difference between
the hydrogen molecule adsorbed on the SWCNTs and two

Fig. 6 The plots of HOMOs
(left) and LUMOs (right) of
hydrogen molecule adsorption
configurations of (a) H2/Fe−PS
−SWCNT, (b) H2/Fe−SW1−
SWCNT and (c) H2/Fe−SW2−
SWCNT, computed at the
B3LYP/LanL2DZ level
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hydrogen atoms (see Table 3). The selected NBO charges for
adsorption of hydrogen on Fe−doped SWCNTare tabulated in

Table 5. Partial charge analysis indicates that most of the carbon
atoms at the doping sites are the negative charges and most of

Fig. 7 The density of states of
(a) PS−SWCNT, (b) SW1−
SWCNT, (c) SW2−SWCNT, (d)
Fe−PS−SWCNT, (e) Fe−SW1−
SWCNT, (f) Fe−SW2−SWCNT,
(g) H2/PS−SWCNT, (h) H2/SW1
−SWCNT, (i) H2/SW2−SWCNT,
(j) H2/Fe−PS−SWCNT, (k) H2/
Fe−SW1−SWCNT and (l) H2/
Fe−SW2− SWCNT

Table 5 Selected NBO charges (in e) of the adsorption structures of hydrogen molecule on the pristine and SW defected SWCNTs, their Fe−doped
structures, computed at the B3LYP/LanL2DZ level

Species C1a C2a C3a Mb H1c H2c

H2/PS−SWCNT −0.005 −0.009 −0.009 −0.008 0.002 −0.002

H2/Fe−SWCNT −0.019 −0.012 −0.012 0.367 0.067 0.013

H2/SW1−SWCNT −0.008 −0.017 −0.017 −0.008 0.011 −0.012

H2/Fe−SW1−SWCNT 0.082 −0.108 −0.108 0.461 0.009 0.022

H2/SW2−SWCNT −0.020 −0.020 0.012 0.011 0.002 −0.002

H2/Fe−SW2−SWCNT 0.082 −0.045 −0.045 0.389 0.027 0.027

a C1, C2 and C3 are atoms on the SWCNT which are defined in Fig. 1
bM is C atom without Fe doping systems and Fe metal which is doped on SWCNT systems labeled in Figs. 1 and 2, respectively
c H1 and H2 are atoms adsorbed on SWCNT and Fe−doped SWCNT which are defined in Figs. 3 and 4
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the hydrogen atoms are positive. The PCTs of hydrogen mol-
ecule to SWCNT in these six structures are very small, suggest-
ing that the interaction between the hydrogen molecule and
SWCNT is intrinsically electrostatic. The PCTs from hydrogen
molecule to Fe−doped SWCNTs are clearly larger than that of
the undoped SWCNTs, which again proves that the doping of
the Fe atom largely influences the electronic transport proper-
ties of the undoped SWCNTs. For doping species, when the
PCT increases, the adsorption energy is also increased indicat-
ing that the large charge transfers result in the high adsorption
energy. The results of PCTof CO adsorbedAl−doped SWCNT
agrees well with this work which reported that the charge−
transfer from a CO molecule to Al−doped SWCNT is clearly
larger than that of the undoped SWCNT [39].

Conclusions

The interactions of hydrogen molecule with perfect sited
SWCNT (PS−SWCNT), Stone−Wales defected 7−5−5−7
SWCNT (SW1−SWCNT), Stone−Wales defected 5−7−7
−5 SWCNT (SW2−SWCNT) [21] and their Fe doping were
investigated by using the density functional theory at the
B3LYP/LanL2DZ level. The doping of Fe atom in SWCNTs
occurs via exothermic process. The hydrogen molecule
adsorptions of the Fe−doped SWCNTs are stronger than
on the undoped SWCNTs. The structural and electronic
properties of the undoped and Fe−doped SWCNTs and their
adsorptions of hydrogen molecule are reported. The present
results will provide useful guidance to develop novel
SWCNT−based on hydrogen storage.
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