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Abstract: The intriguing electronic and magnetic properties of fully and partially hydrogenated boron nitride
nanoribbons (BNNRs) were investigated by means of first-principles computations. Independent of ribbon
width, fully hydrogenated armchair BNNRs are nonmagnetic semiconductors, while the zigzag counterparts
are magnetic and metallic. The partially hydrogenated zigzag BNNRs (using hydrogenated BNNRs and
pristine BNNRs as building units) exhibit diverse electronic and magnetic properties: they are nonmagnetic
semiconductors when the percentage of hydrogenated BNNR blocks is minor, while a semiconductorfhalf-
metalfmetal transition occurs, accompanied by a nonmagneticfmagnetic transfer, when the hydrogenated
part is dominant. Although the half-metallic property is not robust when the hydrogenation ratio is large,
this behavior is sustained for partially hydrogenated zigzag BNNRs with a smaller degree of hydrogenation.
Thus, controlling the hydrogenation ratio can precisely modulate the electronic and magnetic properties of
zigzag BNNRs, which endows BN nanomaterials many potential applications in the novel integrated
functional nanodevices.

1. Introduction

Graphene, a two-dimensional (2D) sheet of sp2-hybridized
carbon, is taking us into the new material revolution,1-3 because
the long-range π-conjugation makes it exhibit extraordinary
thermal, mechanical, and electrical properties.4-9 For example,
graphene is the strongest material ever measured,4 and its ability

to conduct electricity is the best among the known materials at
room temperature.6 Stimulated by these outstanding properties,
graphene-based materials10-36 attracted extensive experimental
and theoretical investigations.

By carving the 2D graphene, one-dimensional (1D) graphene
nanoribbons (GNRs) have been realized.1 Because of the change
of dimensionality, GNRs display unusual electronic and mag-
netic properties different from graphene.12-29 Both first-
principles computations17,22,23 and experimental investigations25,26

revealed a nonzero band gap for GNRs independent of their
width and chirality. Zigzag GNRs are magnetic,20,22 while
armchair GNRs are nonmagnetic. Moreover, theoretical studies
predict that either electric field27 or chemical functionalization28-30

can make GNRs half metals, which have potential application
in spintronics.

Furthermore, by hydrogenating graphene, 2D graphane (fully
hydrogenated graphene) was obtained experimentally10,31 and
can be considered as an electronic insulator.10 A 2D graphane
layer,32 hydrogenation of graphene with defects,33,34 and
fluorine-substituted graphane35 were theoretically studied in
detail. Besides graphane, the electronic and magnetic properties
of partially hydrogenated graphene have also been investi-
gated.36-38 Moreover, 1D graphane nanoribbons can be experi-
mentally realized by cutting the 2D graphane, similar to the
case of GNRs, or by hydrogenating GNRs, like the formation
process from graphene to graphane. Recent computational
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studies show that 1D graphane nanoribbons have favorable
formation energies and are wide-band gap semiconductors and
nonmagnetic,39 which is obviously different from the case of
GNRs. Very recently, Xiang et al.’s computations revealed that
the partially hydrogenated wide GNRs have similar electronic
and magnetic properties to the narrow GNRs representing their
graphene parts.40

Extensive studies on carbon nanosystems including GNRs
and graphane nanoribbons have also stimulated researchers’
great interest in inorganic nanotubes/nanoribbons, such as BN
nanotubes,41-45 and BNC,46 B,47 BC3,

48 B2C,49 SiC,50 ZnO,51

MoS2
52 nanoribbons, particularly BN nanoribbons (BNNRs),53-61

a structural analogy of GNRs. In view of the large ionicity of
BN, BNNRs exhibit some unique properties different from
GNRs. Independent of their width and chirality, perfect BNNRs
display semiconductor behaviors.47 The bare zigzag BNNRs
(zBNNRs)53,60 and H-terminated BNNRs54 are magnetic and
nonmagnetic, respectively. However, two-hydrogen-terminated
zBNNRs are magnetic and metallic.59 The formation of
Stone-Wales (SW) defects62 and edge modification58 with F,
Cl, OH, and NO2 groups can change the band gap of the
BNNRs, although these decorated BNNRs still keep semicon-
ducting character. An extra transversal electric field can control
the band gap of bare zBNNRs to undergo metallic-semicon-
ducting-half-metallic transition.46 Moreover, the BNNRs with
only B edge terminated by hydrogen present half-metallic
characteristics.60,61 These interesting electronic properties make
BNNRs promising for many potential applications in nanoelec-
tronics.

Great progress has been achieved in synthesizing BN
nanosheets.63-71 Zhi et al.63 recently synthesized large-scale BN
nanosheets and used them to improve thermal and mechanical
properties of polymeric composites. Also, the single-layer and
few-atom-layer hexagonal BN sheets have been experimentally
realized64-71 and are proposed as an alternative carbon graphene
for plane electronics, where the lithography technique can be
conveniently employed. Similar to the GNRs, it is possible to
obtain BNNRs by cutting single-layer hexagonal BN sheets.
Further hydrogenation process of BNNRs may lead to fully or
partially hydrogenated BNNRs. Because the electronic and
magnetic properties of GNRs are different from those of
graphane nanoribbons, it is attractive to investigate the relevant
properties of the fully and partially hydrogenated BNNRs.
However, to our best knowledge, these hydrogenated BNNRs
have not received any study so far.
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In this work, we performed detailed first-principles computa-
tions to investigate the formation energies, electronic, and
magnetic properties of the fully and partially hydrogenated
BNNRs. The following questions are mainly addressed: (1) Are
the fully and partially hydrogenated BNNRs nonmagnetic
semiconductors similar to the analogous graphane nanoribbons
or magnetic metals such as two-hydrogen-terminated zBNNRs?
(2) Do the fully hydrogenated BNNRs have favorable formation
energies, as graphane nanoribbons? (3) How will the ribbon
width and chirality and hydrogen concentration affect the
electronic and magnetic properties? The answers to these
questions will gain us a deeper understanding of the electronic
and magnetic properties of the fully or partially hydrogenated
BNNRs and will lead to better usage of these materials in the
future design of functional nanodevices. Note that the wide-
band gap of BN nanomaterials is a serious obstacle for their
application in electronics, despite their high thermal and
chemical stabilities. On the basis of these density functional
theory (DFT) computations, we proposed a simple and effective
approach to modulate the band gap of zBNNRs by changing
the hydrogenation coverage and to realize a semiconductorfhalf-
metalfmetal transition accompanied by a nonmagneticfmagnetic
transfer. Consequently, it is highly feasible that these intriguing
properties can be fabricated in the unitary BN-based nanoma-
terials, which is advantageous for the design of automatic
integration.

2. Computational Method

The generalized gradient approximation (GGA) with the PW91
functional72 and a 400-eV cutoff for the plane-wave basis set were
employed for all the DFT computations with the Vienna ab initio
simulation package (VASP).73-76 The projector-augmented plane
wave (PAW)77,78 was used to model the electron-ion interactions.
Interactions between two ribbons and their images were avoided
in our computational supercell models, for which the distance

between two ribbons is longer than 10 Å in both zigzag and
armchair hydrogenated BNNRs. Five k points were used for
sampling the 1-D Brillouin zone, and the convergence threshold
was set as 10-4 eV in energy and 10-3 eV/Å in force. The positions
of all the atoms in the supercell were fully relaxed during the
geometry optimizations. On the basis of the equilibrium structures,
21 k points were used to compute band structures.

The formation energies of fully hydrogenated BNNRs with
various widths are estimated by the definition as Ef ) EBNH - �BµB

- �NµN - �HµH to determine the relative stabilities of these
hydrogenated nanoribbons, in which EBNH is the cohesive energy
per atom of fully hydrogenated BNNRs, �i (i ) B, N, and H,
respectively) is the mole fraction of the i atom in the nanoribbon,
µH is the binding energy per atom of the H2 molecule, and µB and
µN are the cohesive energies per B atom and N atom in infinite
pristine BN single layer, respectively. This approach has been
employed widely to investigate the relative stability of some
nanostructures based on GNRs.22,29,39 Moreover, the binding energy
per hydrogen atom of the hydrogenated BNNRs and BN sheet is
computed by the definition as Eb ) (nEH + EBN - EH-BN)/n, where
n is the number of H atoms, and EH, EBN, and EH-BN are the energies
of H atom, bare BNNRs/BN sheet, and corresponding hydrogenated
structures, respectively.

3. Results and Discussion

3.1. 2D Infinite Fully Hydrogenated BN Single Layer. First,
the 2D infinite fully hydrogenated BN single layer was
investigated in a 6 × 6 supercell, which is composed of 36 B,
36 N, and 72 H atoms. Similar to 2D carbon graphane,10,39 the
most stable form prefers a regular chairlike structure with
hydrogen atoms linked to B atoms on one side and those linked
to N atoms on the other side (Figure 1a), like the case of
perhydrogenated BN nanotubes.79 All of the angles between B
or N atoms and their conjoint four atoms (three N or B atoms
and one H atom) are about 109°, suggesting that the B and N
atoms in the fully hydrogenated BN single layer are typical sp3

hybridization. Consequently, the B-N bonds length in the fully
hydrogenated BN single layer are in the range of 1.566-1.581
Å, which is close to the B-N single bond, but much longer
than that (1.445-1.447 Å) in the BN single layer with sp2

hybridization. The B-H and N-H bond lengths in the fully
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Figure 1. (a) Top and side views of the 2D fully hydrogenated BN single layer. (b) Geometric structures of fully hydrogenated zigzag and armchair
BNNRs. The blue, pink, and white colors represent N, B, and H atoms, respectively.

J. AM. CHEM. SOC. 9 VOL. 132, NO. 5, 2010 1701

Semiconductor-Half-Metal-Metal Transition in BNNRs A R T I C L E S



hydrogenated BN single layer are 1.198 and 1.036 Å, respec-
tively. Moreover, our DFT computation shows that the 2D fully
hydrogenated BN single layer is a nonmagnetic semiconductor
with a direct band gap of 3.05 eV.

3.2. Geometries of 1D Fully Hydrogenated BNNRs. Similar
to BNNRs, two types of fully hydrogenated BNNRs with zigzag
or armchair edges were considered in this work. Following the
convention of the BNNRs, as shown in Figure 1b, the structures
of zigzag and armchair fully hydrogenated BNNRs are also
classified by the number of zigzag chains Nz and dimer lines
Na across the ribbon width, respectively. In this study, the fully
hydrogenated zigzag and armchair BNNRs are named as fH-
Nz-zBNNR and fH-Na-aBNNR, respectively.

A series of fH-Nz-zBNNRs and fH-Na-aBNNRs with various
widths (Nz ) 6, 7, 8, 9, 10, 11 and Na ) 7, 9, 11, 13, 15, 17,
19) were computed. In both fH-Nz-zBNNRs and fH-Na-
aBNNRs, all of the inner B-N, B-H, and N-H bonds are
almost the same as the corresponding values in the 2D fully
hydrogenated BN sheet, and the sp3 hybridization is kept. The
edge B and N atoms are linked to two hydrogen atoms to remove
the dangling bonds. These edge B-H bonds (1.224-1.235 Å
for zigzag ribbons, and 1.208-1.224 Å for armchair ribbons)
are longer than the inner B-H bonds (1.198-1.201 Å), while
the edge N-H bonds (1.028-1.037 Å for zigzag ribbons, and
1.026-1.028 Å for armchair ribbons) are slightly shorter or
longer than the inner N-H bonds (1.035-1.036 Å).

3.3. Electronic and Magnetic Properties of 1D Fully Hydro-
genated BNNRs. Both spin-polarized and spin-unpolarized
computations were performed to determine the ground state of
fH-zBNNRs and fH-aBNNRs. Our DFT computations show that
fH-aBNNRs are nonmagnetic semiconductors, the same as the
analogous armchair graphane nanoribbons.39 The detailed
discussion on electronic and magnetic properties of fH-aBNNRs
is given in Section I of the Supporting Information.

However, different from the carbon counterparts, the fH-
zBNNRs are magnetic, as revealed by the lower total energy
by the spin-polarized computation. Table 1 summarizes the
energy difference (∆E) between the ferromagnetic and non-
magnetic states and total magnetic moments (M) per unit cell
of a series of fH-Nz-zBNNRs (Nz ) 6-11). The ∆E and M
values increase with increasing the ribbon width. The fH-6-
zBNNR has the lowest ∆E (20.6 meV) and M (0.496 µB),
while the fH-11-zBNNR has the highest ∆E (48.0 meV) and
M (0.766 µB). Moreover, to confirm the ground state (ferro-
magnetic state) of the fH-zBNNRs, three antiferromagnetic
configurations of fH-8-zBNNR were investigated (Figure S2
and Table S1). Our computational results show that these three
antiferromagnetic configurations are energetically less favorable
than the ferromagnetic one, by 5.8, 37.6, and 36.7 meV,
respectively (Table S1). Clearly, the ferromagnetic configuration
is the ground state of the fH-zBNNRs.

To obtain further insight into the magnetism of fH-zBNNRs,
we computed the spin density distribution of fH-8-zBNNR

(Figure 2a), which reveals that unpaired spin mainly concentrates
on the edge B and two related H atoms. The unsaturated B edge
atoms should be responsible for the magnetic behavior of fH-
zBNNRs.

To understand the reason for the unsaturation of the edge B
atoms, we initially show the bonding mode of theoretically
studied two-hydrogen-terminated 6-zigzag GNR,20 where the
single-double bond alternation is found for inner C atoms with
sp2 hybridization, and the π bonds are perpendicular to the
periodic direction (Figure 2b). As the analogue, the two-
hydrogen-terminated 8-zigzag BNNR has similar bonding
manner (Figure 2b), where the inner B and N atoms also adopt
typical sp2 hybridization, and the remaining vacant p orbital of
each inner B atom receives lone pair electrons of its neighboring
N atom to form a π bond between B and N atoms perpendicular
to the periodic direction. As a result, no N atom donates its
electron to the edge B atoms in the two-hydrogen-terminated
zigzag BNNRs, which results in unsaturation of the edge B
atoms.

The fH-zBNNRs can be considered as a product of further
hydrogenation of two-hydrogen-terminated zigzag BNNRs, in
which each BdN double bond is saturated by two H atoms at
the opposite sides of ribbons, and each inner B/N atom adopts
typical sp3 hybridization, and is saturated to satisfy the octet
rule, while the unsaturation of edge B atoms is kept, and the
bond between each edge B and two related H atoms can be
described by two resonant structures containing one two-electron
and one single-electron B-H bonds (Figure S3). Because of
the larger electronegativity of H than B atoms, unpaired spin
density is mainly distributed on the related H atoms instead of
the edge B atoms (Figure 2a). The unsaturation of the B edge
atoms can also be reflected by the much longer edge B-H bond
length (1.224-1.235 Å) than those (1.198-1.201 Å) of inner
B-H bonds.

The edge unsaturated B-2H states of fH-zBNNRs result in
not only the different magnetic but also the different electronic
behaviors between fH-zBNNRs and fH-aBNNRs. In contrast
to the fH-aBNNRs, the fH-zBNNRs exhibit typical metallic
behavior independent of ribbon width. As illustrated in Figure
2c, one energy level in each spin channel crosses the Fermi
level in fH-8-zBNNR. Note that two-hydrogen-terminated
zigzag BNNRs59 are also metallic, while zBNNRs54 and zigzag
graphane nanoribbons39 are wide-band gap semiconductors. To
understand the origin of the metallic band structure, we plotted
the total density of states (TDOS) and local density of states
(LDOS) of fH-8-zBNNR (Figure 2d). Clearly the state crossing
the Fermi level in spin-down channels is dominated with the
2p electrons of edge N atoms, while the state crossing the Fermi
level in the spin-up channel is from the 2p electrons of edge B
atoms and the s electrons of H atoms linked to the edge B atoms.

3.4. Stabilities of 1D Fully Hydrogenated BNNRs. The re-
lative stability of nanostructures is important to evaluate the
possibility of experimental realizations. Here, the formation
energies as a function of the ribbon width are computed for
fH-zBNNRs and fH-aBNNRs (Figure 3). The formation energy
of fH-zBNNRs increases monotonically with increasing ribbon
width, while that of fH-aBNNRs displays the opposite trend,
which is mainly attributed to the different stabilities of zigzag
and armchair edges for pristine BNNRs: armchair edge exhibits
higher stability than the zigzag one. Similar to graphane
nanoribbons,39 the negative formation energies suggest that the
formation of both types of fH-BNNRs is favorable energetically

Table 1. Energy Difference (∆E) between Spin-Polarized and
Spin-Unpolarized States and Total Magnetic Moments (M) per Unit
Cell for fH-Nz-zBNNRs with Various Widths (Nz ) 6-11)

Nz ∆E (meV) M (µB)

6 -20.6 0.496
7 -29.9 0.601
8 -37.8 0.684
9 -43.0 0.717
10 -46.9 0.755
11 -48.0 0.766
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by hydrogenating the corresponding BNNRs, which indicates
a potential experimental route to transform BNNRs to fH-
BNNRs.

To examine the stabilities of hydrogenated BN sheet/ribbons,
we computed the binding energies of hydrogen atoms on 2D
BN single-layer, fH-8-zBNNR and fH-11-aBNNR, which are
2.074, 2.364, and 2.363 eV, respectively. Obviously, these
binding energies are large enough to prevent the disassociation
of the bound H atoms from the surface of hydrogenated BNNRs/
BN sheet at the general operational conditions.

3.5. Electronic and Magnetic Properties of Partially Hydroge-
nated Zigzag BN Nanoribbons. Numerous efforts were devoted
to modulate the wide-band gap of BNNRs,53,58-61 because the
wide-band gap of BN nanomaterials is a substantial obstacle
for their applications in electronics. For example, by applying
an external transversal electric field, the band gap of bare
zBNNRs can undergo metallic-semiconducting-half-metallic
transition.46 By means of different edge modifications and the

formation of SW defects, the band gap of the BNNRs can be
altered, and the corresponding decorated BNNRs present
semiconducting,58,62 metallic,59 or half-metallic60,61 behaviors.
Here, we provide a simple way by changing the hydrogenation
coverage of zBNNRs to modulate the wide-band gap more
effectively, and to realize the different electronic and magnetic
properties in the same BN-based nanomaterial, which is
advantageous for the design of automatic integration.37,80 It is
a great dream that scientists continuously pursue to fabricate
the diverse electronic and magnetic properties in unitary material
background.

As mentioned above, by fully hydrogenating zBNNRs, their
electronic and magnetic properties can be transformed from
nonmagnetic semiconductors to magnetic metals, and the
corresponding band gap is effectively reduced from the original
value (about 4.00 eV)54 to zero. The dramatic changes of
electronic and magnetic properties inspired us to further
investigate the partially hydrogenated zBNNRs, which are
constructed by the combination of BNNRs and fH-BNNRs as
building blocks. Note that, for the partially hydrogenated
zBNNRs with the same hydrogenation coverage, the formation
of this configuration consisting of the blocks is more favorable
energetically than the structures with H-atom arbitrary distribu-
tion, as revealed by our computational results in Section IV of
Supporting Information. Thus, the partially hydrogenated BN-
NRs constructed by BNNR and fH-BNNR blocks are only
considered in this work. It is expected that a multiplex
transformation of electronic and magnetic properties in this kind
of the partially hydrogenated zBNNRs can be obtained with
different hydrogenation degrees. Our approach is also motivated
by Singh et al.’s interesting theoretical finding that the transition
from small-band-gap semiconductors to metals occurs for the
zigzag graphene “nanoroad” (the partially hydrogenated
graphene),37 and by Wu et al.’s theoretical prediction that zigzag

(80) Li, J.; Zhou, G.; Chen, Y.; Gu, B.; Duan, W. J. Am. Chem. Soc. 2009,
131, 1796–1801.

Figure 2. (a) Top and side views of spatial spin distribution (the red arrow represents the periodic direction of the ribbon). (b) The bonding modes of
6-zigzag GNR (upper) and 8-zigzag BNNR (below) terminated by two hydrogen atoms. (c) The band structure (the Fermi level is set to zero; the spin-up
(v) and spin-down (V) electrons are denoted by blue and red dot lines, respectively), and (d) TDOS and LDOS of fH-8-zBNNR. (e) The zoom on the region
about the Fermi level in (d).

Figure 3. The formation energy of fH-Nz-zBNNRs (Nz ) 6-11) and fH-
Na-aBNNRs (Na ) 7-19) as a function of the ribbon width.
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GNRs and graphene decorated by OH/H and F groups can be
changed to half-metals provided that the width of the undeco-
rated carbon part is wide enough, and the electronic behavior
of the decorated graphene is very similar to that of edge
decorated zigzag GNRs.30

Several partially hydrogenated 8-zBNNRs with different
hydrogenation ratios of LH to L0 (1:4, 2:3, 3:2, and 4:1) were
investigated. The partially hydrogenated zigzag BNNRs with
different ratios are represented as pH-zBNNRs (LH:L0), in which
LH and L0 are the respective unit numbers of the hydrogenated
and pristine BNNR blocks along the periodic direction of BN
ribbon, where one unit corresponds to the part in the dash lines
in Figure 4a. The fully relaxed structures and corresponding
band structures are presented in Figure 4, for which a supercell
including 40 B and 40 N atoms was employed in our
computations. As expected, appealing and diverse transforma-
tions in electronic and magnetic properties occur with increasing
the hydrogenation percentage in zBNNRs.

The pH-zBNNR (1:4) is a nonmagnetic semiconductor;
although significantly reduced as compared to the pristine
BNNR (ca. 4.00 eV),54 its band gap is still rather wide (2.62
eV, Figure 4a). Increasing the hydrogenation ratio to 2:3 further
decreases the band gap (0.50 eV, Figure 4b), and the according
nanostructure is still a nonmagnetic semiconductor. When the
hydrogenation ratio is increased to 3:2, the hydrogenated BNNR
becomes a magnetic semiconductor, for which the band gaps
of the spin-up and spin-down channels are 0.35 and 0.09 eV,
respectively (Figure 4c). The corresponding DOS results (Figure
4a-c) reveal that their highest-energy valence bands originate
from the 2p electrons of edge B atoms with sp3 hybridization
and s electrons of the H atoms linked to these edge B atoms,

and their lowest-energy conduction bands are mainly from the
2p electrons of edge N atoms with sp3 hybridization.

When the hydrogenation ratio reaches 4:1, the typical half-
metallic behavior is observed, for which one level in the spin-
down channel crosses the Fermi level and the corresponding
level in the spin-up channel does not, although this level is very
close to the Fermi level (Figure 4d). The computed DOS (Figure
4d) shows that the state crossing the Fermi level is dominated
with the 2p electrons of edge N atoms with sp3 hybridization,
while the state quite near the Fermi level is from the 2p electrons
of edge B atoms with sp3 hybridization and s electrons of the
H atoms linked to these B atoms. Finally, by fully hydrogenating
zBNNRs, these ribbons are drastically converted to magnetic
metals for both spin-up and spin-down channels, as discussed
above.

Comparing the computed DOS graphs (Figures 4a-d, 2d,
and S5c) reveals that, for all of the hydrogenated zBNNRs, their
bands around the Fermi level are dominated by edge B/N atoms
with sp3 hybridization and the related H atoms, and increasing
the hydrogenation percentage causes both highest-energy va-
lence and lowest-energy conduction bands shift toward the Fermi
level until crossing it, which results in the significant decease
of band gap of these hydrogenated BNNRs along with increasing
hydrogenation ratio.

Clearly, changing the hydrogenation percentage can ef-
fectively modulate the band gap of zBNNRs, and correspond-
ingly causes the considerably diverse transformations of the
electronic and magnetic properties: a semiconductorfhalf-
metalfmetal transition, accompanied by a nonmagneticfmag-
netic transfer with increasing hydrogenation coverage. Note that
the half-metallicity of pH-zBNNR (4:1) is not robust; however,

Figure 4. Structural and electronic properties of the pH-8-zBNNRs with the different ratios of LH to L0: (a) 1:4, (b) 2:3, (c) 3:2, and (d) 4:1. One unit
corresponds to the part in the dash lines in (a), and the LH and L0 are respective unit numbers of hydrogenated and pristine BNNR blocks. The blue and red
dot lines denote the spin-up (v) and spin-down (V) channels, respectively, for the band structures of (c) and (d). (e) The structure of fH-zBNNR. Parts f and
g show the zooms on the region about the Fermi level of band structure and DOS of (d).
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the half-metallic behavior can be sustained for partially hydro-
genated zBNNRs with a slightly smaller hydrogenation ratio
such as pH-zBNNR (3:1), which exhibits more robust half-
metallicity than pH-zBNNR (4:1), as revealed by our compu-
tational results (Figure S5).

Moreover, to reveal the stabilities of pH-BNNRs, we com-
puted the binding energies of hydrogen atoms on pH-8-zBNNRs
with the ratios of 1:4, 2:3, 3:2, and 4:1, which are 3.057, 2.670,
2.492 and 2.393 eV, respectively. Clearly, such large binding
energies can effectively inhibit the disassociation/diffusion of
the bound H atoms on the surface of the pH-BNNRs.

4. Conclusion

The electronic and magnetic properties of fully and partially
hydrogenated BNNRs were investigated by means of DFT
computations. In contrast to the analogous graphane nanorib-
bons, which are nonmagnetic semiconductors, the fH-aBNNRs
are nonmagnetic wide-band gap semiconductors, while the
zigzag counterparts are magnetic and metallic, independent of
ribbon widths. Both fH-aBNNRs and fH-zBNNRs have favor-
able formation energies, indicating a great possibility of realizing
them by hydrogenating the corresponding BNNRs in future
experiments.

Zigzag BNNRs and fH-zBNNRs are used as building blocks
to construct the partially hydrogenated zBNNRs, and the
following intriguing properties are revealed: (1) When the hy-
drogenated BNNR block is minor in the whole ribbon, the pH-
BNNRs are nonmagnetic semiconductors, and their band gaps
decrease significantly with increasing the hydrogenation cover-
age. (2) When the hydrogenated BNNR block is dominant, the
pH-BNNRs present manifold transition, that is, semicon-
ductorfhalf-metalfmetal transition accompanied by nonmag-
neticfmagnetic transfer with increasing the ratio of LH to L0.
Obviously, the percentage of hydrogenation can effectively
control the band gap of zBNNRs and plays a crucial role of
engineering the electronic and magnetic properties of zBNNRs.

Although the half-metallicity is not robust, this behavior is
sustained for pH-zBNNRs.

Our computations give us a valuable experimental implica-
tion: intriguing electronic and magnetic properties of hydroge-
nated zigzag BNNRs can be precisely and effectively engineered
by tuning an optional hydrogenation ratio in future experiments.
It is very promising that the semiconducting, half-metallic,
metallic, nonmagnetic, as well as magnetic hydrogenated
BNNRs can be patterned on the unitary BN-based nanomaterial
in view of the automatic integration. We are highly expecting
the experimental realization of these functions in the BN-based
nanodevices.
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