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Ab initio calculations were conducted to investigate the electronic structures and magnetic
properties of fluorinated boron nitride nanotube �F-BNNT�. It was found that the chemisorption of
F atoms on the B atoms of BNNT can induce spontaneous magnetization, whereas no magnetism
can be produced when the B and N atoms are equally fluorinated. This provides a different approach
to tune the magnetic properties of BNNTs as well as a synthetic route toward metal-free magnetic
materials. © 2008 American Institute of Physics. �DOI: 10.1063/1.2894507�

Magnetism in metal-free materials has been the focus of
extensive research recently because of the great potential
application in spintronic devices. Since ferro- and
ferrimagnetism were experimentally discovered in polymer-
ized C60 �Ref. 1� and proton-irradiated graphite,2 consider-
able theoretical efforts have been devoted to investigate the
origin of magnetism in metal-free materials and to search for
materials with similar properties. Lehtinen et al.3,4 performed
ab initio calculations to study the properties of a carbon ada-
tom on a graphite sheet and a carbon nanotube and found
that the adatom is spin polarized in both cases. Fujita et al.5

performed tight-binding band structure calculations on the
graphite ribbons and predicted that spontaneous magnetiza-
tion could appear in the graphite ribbons with armchair
edges. Ma et al.,6 on the basis of ab initio calculations, pre-
dicted that the vacancy defects can induce magnetism in
graphite sheets and carbon nanotubes. For graphitic BN
sheets and BN nanotubes �BNNTs�,7,8 the nitrogen vacancy
or the boron vacancy can also induce spontaneous magneti-
zation. The theoretical prediction of spontaneous magnetiza-
tion in BNNTs induced by substituting carbon or silicon at-
oms for boron or nitrogen atoms has also been reported by
several groups.9,10 In addition, the hydrogenation treatment
of carbon materials can also induce magnetism.11–13 These
theoretical studies provide useful theoretical guide for the
experimental synthesis of these metal-free magnetic materi-
als, which, however, remain challenging partially due to the
difficulties in the controlled growth of these defects.

Recently, Tang et al.14 succeeded in the preparation of
stable fluorinated BNNTs �F-BNNTs� and found that their
resistance and resistivity are about three orders of magnitude
less than those of pure BNNTs, which are considered by
several groups15–17 to be due to the modified band structures
of BNNTs induced by the adsorption and substitution of F
atoms. However, the magnetic properties of these F-BNNTs

have not yet been studied neither experimentally nor theo-
retically. In this paper, we investigated the magnetic proper-
ties of F-BNNTs by performing spin-polarized density func-
tional calculations. Our results show that the chemisorption
of F atoms on B sites is more stable than that on N sites
and can induce stable spontaneous magnetization in the
F-BNNTs. This provides a different approach to tune the
magnetic properties of BNNTs as well as a synthetic route
toward metal-free magnetic materials.

All calculations were performed within the density func-
tional theory, with spin polarization taken into account, as
implemented in the SIESTA �Refs. 18–20� program. The
pseudopotentials generated using the Trouiller and Martins
scheme21 were used to describe the interaction of valance
electron with the atomic core and their nonlocal components
were expressed in the fully separable form of Kleiman and
Bylander.22,23 The generalized gradient approximation cor-
rection in the form of Perdew et al.24 was adopted for the
exchange correlation potential. The atomic orbital basis set
employed throughout was a double-� plus polarization or-
bital. The charge density was calculated in a regular real
space grid with a cutoff energy of 120 Ry. Periodic boundary
condition along the tube axis was employed and a vacuum
region �at least 18.0 Å� between BNNTs was applied along
the radial direction to avoid the mirror interactions between
the tubes. Structural optimization was carried out for all of
the configurations using the conjugate gradient algorithm un-
til the residual forces were smaller than 0.02 eV /Å. A set of
eight k points generated according to the Monkhorst–Pack
scheme25 was used to sample the Brillouin zone.

We conducted test calculations on F-�8,0� BNNT,
F-�10,0� BNNT, F-�5,5� BNNT, and two-dimensional F-BN
sheet; they have nearly the same magnetic behavior. Experi-
ments have shown that BNNTs prefer a nonhelical or zigzag
orientation during the growth.26 Therefore, we focus on the
magnetic behavior of �8,0� BNNT in this paper.a�Electronic mail: z.zhu@uq.edu.au.
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In our calculation, two sizes of supercells were em-
ployed for the F-�8,0� BNNT. One contains three primitive
cells �96 atoms� where the distance between two adjacent F
atoms is large enough to avoid the interactions between
them, as shown in Fig. 1. Another consisting of two unit cells
�64 atoms�, as shown in Fig. 2, was adopted to study the
adsorption of F atoms on �8,0� BNNT at the coverage of
25%.

We firstly considered the adsorption of a single F atom
on a B or N atom of �8,0� BNNT. It was found that the F
atom prefers to adsorb on a B atom �denoted as F+B, as
shown in Fig. 1�a��, whereas the F adsorbed on a N atom will
eventually transfer to a B atom during the structural optimi-
zation, which is consistent with the results of Xiang et al.15

For the purpose of comparison, we calculated the electronic
structure of a pristine �8,0� BNNT. No spontaneous magne-
tization was found, suggesting that the pristine �8,0� BNNT
is nonmagnetic. In contrast, the band structure of the F+B
configuration �Fig. 1�b�� clearly shows that the spin-up and
spin-down branches of the valence bands are split asym-
metrically. The valence bands of the spin-up branch, which
are all below the Fermi level, are fully occupied. The two
bands of the spin-down branch, which cross over the Fermi
level and are partially occupied, have an energy difference of
60 meV at the � point. The asymmetry between the spin-up
and spin-down branches gives rise to spontaneous magneti-
zation of this F-BNNT with a net magnetic moment of about
0.99�B.

To understand the spontaneous magnetization, the spin
density of states �DOS� of the F+B configuration and the
projected DOSs �PDOS� for the mostly influenced atoms are
plotted in Fig. 1�c�. The spin-up peaks near the Fermi level
are all below the Fermi level, whereas only one spin-down
peak is crossed by the Fermi level. According to the previous
discussion, the spin-down peak includes two electronic
states, which, however, are not visible due to the Gaussian
broadening applied to the DOS. It is found from the PDOS
�Fig. 1�c�� that the spin-down peak mainly arises from the
three N atoms �N1, N2, and N3� adjacent to the fluorinated B
atom �B1� in Fig. 1�a�. However, the contributions of F and
B1 to the spin-down states are very small. Moreover, Mul-
liken population analysis shows that parts of charge on the
highest-energy occupied 2p orbitals of the N atoms around
B1 move to the F atom which has a strong electronegative
character. The total net spin �S=1 /2� mainly comes from the
2p orbitals of the three N atoms adjacent to B1. The contri-
butions of these nitrogen atoms N1, N2, and N3 to the mag-
netic moment are 0.16�B, 0.16�B, and 0.14�B, respectively.
This is also consistent with the isosurfaces of the spin den-
sity ���=�↑−�↓ � of the F-BNNT, as shown in Fig. 1�d�,
where the net spin mainly localizes on the three N atoms
around B1. We also calculated the energy of the paramag-
netic state �S=0� of the F-BNNT, finding that it is higher
than that of the ferromagnetic state by about 87 meV.

From the application viewpoint, it is even more impor-
tant to examine the magnetic properties of F-BNNTs at a
higher F coverage. Zhou et al.17 suggested that the coverage
of F atoms on the external surface of BNNTs can be up to

FIG. 1. �Color online� �a� The local map of F+B configuration near the
adsorbing site. �b� The band structure of the F+B configuration. Red and
blue lines represent spin-up and spin-down branches, respectively. The
Fermi level is at 5.50 eV and is indicated by dotted line. �c� DOS and PDOS
�only the more interesting contributions� of the F+B configuration. For
clarity and convenience, the local maps near the Fermi level are presented
and the DOS is scaled down. The Fermi level is indicated by dotted line. �e�
The isosurface of the difference spin density at the isovalue of 0.02 e /Å3 for
F+B. Red, blue, and pink balls represent F, N, and B atoms, respectively.

FIG. 2. �Color online� The optimized configurations
and DOSs of fluorinated BN �8,0� nanotubes with F
atoms adsorbing on B atoms in different ways: ��a� and
�d�� for 16F+B−1, ��b� and �e�� for 16F+B−2, and ��c�
and �f�� for 16F+B−3. Red, blue, and pink balls repre-
sent F, N, and B atoms, respectively. The Fermi level is
indicated by dotted line.
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50% and all the F atoms favor the attachment to B atoms. In
this work, we considered three isomeric configurations
�16F+B−1, 16F+B−2, and 16F+B−3� of fluorinated �8,0�
BNNT containing 16 F atoms in per supercell �equivalent to
a coverage of 25%�, as shown in Fig. 2. These F atoms are
aligned over the B atoms on the exterior surface of the
BNNT in different distributions. All of these structures are
strongly magnetic with the magnetic moment as larger as
16�B. The 16F+B−2 and 16F+B−3 are energetically com-
parable with the energy difference less than 140 meV /F
atom and both are more stable than 16F+B−1. It is notewor-
thy that the DOS of these configurations near the Fermi level
are quite different �as shown in Figs. 2�d�–2�f��. The Fermi
level of 16F+B−3 lies between two states of spin-down
branch with a gap of 0.21 eV, exhibiting the characters of
spin semiconductors. For 16F+B−1 and 16F+B−2, how-
ever, the Fermi level crosses several states of spin-down
branch and these materials can therefore be regarded as half
metals.

Our calculations clearly show that the selective fluorina-
tion of BNNTs can induce magnetism in these tubes. Al-
though, the F atoms adsorbed on the surface of BNNTs es-
cape easily when the tubes are exposed to air or under
standard beam irradiation in the electron microscope, the
BNNTs with adsorbed F atoms can easily be obtained via a
long-time direct reaction between BNNTs and fluorine or
hydrogen fluoride at low temperature.14 Therefore, if the
metal catalysts, which are used to catalyze tubes growth, can
be removed by chemical leaching process,27 the magnetism
of F-BNNTs can be discovered experimentally. F-BNNTs
have good potential for spintronic applications, such as tun-
neling magnetoresistance and giant magnetoresistance ele-
ments, at low temperature.

In summary, we have performed ab initio local spin den-
sity approximation calculations to study the magnetic prop-
erties of F-BNNTs. We predict that the F adsorption on B
atoms of the BNNTs can induce strong magnetism in BNNTs
and the magnetic moment increases with the increasing F
coverage. Compared to other metal-free magnets previously
proposed, F-BNNTs can be easily synthesized and will have
good potential in building spintronic devices.
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