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The present work constitutes a study of the response of magnesium oxide nanotubes on the bend deforma-
tion. Our molecular-dynamics simulations show that the structure of the MgO tubes being face centered cubic
at ambient conditions is transformed under mechanically induced buckling stress to hexagonal near the tube
bend. This transformation occurs through a break of the Mg-O bonds between two adjacent Mg2O2 tetragons
and the formation of Mg3O3 hexagons. Ab initio density-functional band-structure calculations were performed
to predict the structural and electronic properties of hexagonal MgO phase and to compare with those for the
cubic B1 and B2 MgO phases.
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The study of mechanical behavior of nanotubes �NTs� is
exceedingly important from the standpoint of possible appli-
cations for the engineering of nanotube-based devices such
as scanning probes, electronic transistors, etc.1 A variety of
experimental and theoretical methods has been used to inves-
tigate the mechanical properties of inorganics, and especially
carbon nanotubes �C-NTs�, and to understand their mechani-
cal behavior in the elastic regime, see reviews.2–4

Recently, some progress has also been attained in the ex-
amination of the stress-induced effects outside of the elastic
limit.5–9 Among them, the local structural reconstruction of
the tube wall, which is tantamount to a local phase transfor-
mation of the nanotubular material, seems to be very inter-
esting. They allow a fabrication of the different mechanically
controlled types of heterojunctions containing within tube
walls the local inclusions of various nanophases with high
engineering potential. For carbon and other graphitelike
tubes, such structural transitions may be caused by the for-
mation of topological defects.2–4 For example, in the C-NTs,
such defects are the presence of the pentagons and heptagons
in the wall structure of ideal helical nanotubes �the so-called
Stone-Wales transformation10�, which can lead to an essen-
tial change of their electronic properties.11–13

The discovery of the metal oxide nanotubes has continued
a rapid development in the field of nanoscale materials. The
numerous important applications of oxides together with the
intrinsic multifunctionality specific to the tubular quasi-one-
dimensional �1D� structures have attracted a great interest in
both scientific and technological areas and have brought an
effort to the synthesis and exploration of oxide NTs.14–17

Meanwhile, the data about the mechanical behavior of metal
oxide tubes and the stress effect on the properties of oxide
1D structures are very limited.

Here, we focus on the study of a possibility to achieve the
mechanically induced structural transitions in oxide 1D
nanostructures and present the results of the computer simu-
lations of magnesium oxide nanotubes. The MgO nanotubes
were chosen because plenty of various MgO nanomaterials
with great potential applications have been successfully fab-
ricated up to now, such as nanowires, nanotubes, nanoflow-
ers, nanocables, nanocubes, nanopolyhedra, etc.18–22 The
synthesis methods were proposed for the preparation of MgO
nanomaterials with different morphologies based on these

structures.22,23 In turn, the crystalline MgO with its superior
chemical inertness, mechanical hardness, and small positive
electron affinity is a widely used functional material. Note
that �i� MgO is crystallized in the simple cubic B1 �NaCl-
type� structure at ambient conditions and its pressure-
induced phase transition to other cubic B2 �CsCl type� was
predicted �see, for example, Ref. 23, and references therein�
and �ii� all known magnesium oxide nanosystems18–22 also
adopt the cubic structure.

In this Brief Report, we show that the structure of the
cubic MgO tubes under mechanically induced buckling
stress can be transformed to hexagonal within the area of the
tube bend. Using ab initio density-functional band-structure
calculations, we consider the structural and electronic prop-
erties of hexagonal MgO phase in comparison with those for
the known cubic �B1 and B2� MgO phases.

Since the synthesized MgO tubes have a fcc structure and
exhibit prismatic morphology18,22 with both interior and ex-
terior polygonal cross sections for a starting model of the
MgO tubes, we choose a square-prismatic hollow structure
�see Fig. 1� composed from three �001� atomic sheets of
crystalline magnesium oxide, as described in Ref. 24. The
length of the tube fragment is L0=12.6 nm and the number
of atoms is N=5040. The initial atomic structure of the MgO
NT was optimized by the molecular mechanics method such
that the total energy is minimized up to 10−4 eV and the
forces between atoms are close to zero. We found that the
optimized tube retains the shape of the starting square-
prismatic atomic model, Fig. 1.

The molecular-dynamics �MD� simulations of the re-
sponse of the tube on the bending deformation were per-

FIG. 1. �Color online� Left: Atomic model of square-prismatic
MgO nanotube. Right: The snapshots showing the evolution of the
MgO tube under bending ��=0° –90° � at T=300 K.
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formed by the following procedure. One end of the tube
including 168-atom cell was fixed and the MgO NT was
loaded to bend via displacement of other 168-atomic cell at
the opposite end of the tube with bending angle �, which was
varied with step, ��=1° up to �=90°. For each displace-
ment, the deformed configuration of the MgO NT was opti-
mized by MD to minimize the potential energy of the sys-
tem. For the calculations, we employed the same effective
pair potential �EPP� method as described previously24 with
the parameters of the pair interaction potentials proposed by
Lewis and Catlow.25 The deformation behavior of the MgO
NTs was investigated using MD simulations under condi-
tions of a constant volume and a constant temperature �T
=300 K, an NVT ensemble�. All the MD calculations in-
cluded 5000 iterations and the time step was equal to 2 fs.

The main stages of the MgO NT deformation in the bend-
ing process are shown in Fig. 1. One can see the two-step
process of the tube deformation. First, for small bending
angles � from 0° to 35°, the tube undergoes only elastic
deformation, where interatomic bonds become compressed
or elongated when retaining the cubic wall structure. The
most interesting is the next stage for ��40°, when the limit
of elastic behavior of the tube is achieved at a critical stress.
Further growth of the deformation leads to a structural
mechanism of minimization of the potential energy of the
buckling stress that arises through extensive atomic reorga-
nization within the tube walls. As it can be seen in Fig. 1, for
deformed tube, this relaxation occurs due to the formation of
a local wall site with a noncubic structure in the area of the
tube bend, and this process is followed by equilibration of
the staying tube fragments with a cubic structure.

The detailed analysis shows that this structural transition
proceeds due to the break of the common Mg-O bond of two
adjacent Mg2O2 tetragons with their transformation into
Mg3O3 hexagon. These Mg3O3 hexagons are assembled
forming the local segment with a hexagonal BN-like struc-
ture. This local atomic rearrangement in the tube walls with
the formation of the mechanically induced hexagonal MgO
nanophase may be clearly seen in Fig. 2, where an inter-
sected fragment of the MgO tube with an inclusion of the
hexagonal-like sites is depicted. Note that the size of the
hexagonal-like domain of MgO NT wall grows with increas-
ing deformation load, Fig. 1.

Thus, a type of MgO nanotubes may be produced under
mechanically induced bending, which contain an inclusion of

the sites with a metastable hexagonal-like wall structure be-
tween adjacent cubic fragments. This reveal should be of
obvious interest for fabrication of various mechanically con-
trolled types of heterojunctions based on cubic MgO tubes
with local inclusions in their walls of noncubic phases.

To predict the electronic properties of the hexagonal-like
MgO phase �h-MgO�, we performed the band-structure cal-
culations of h-MgO and known cubic B1 and B2 MgO
phases. Our calculations based on the density-functional
theory �DFT� were performed using the Vienna ab initio
simulation package VASP �Refs. 26 and 27� in project aug-
mented wave �PAW� formalism.28,29 Exchange and correla-
tion were described by the Perdew-Zunger functional,30 add-
ing a nonlocal correction in the form of the generalized
gradient approximation �GGA�.31 The calculations for all
MgO phases were carried out using a 16�16�16 k-point
sampling grid and a kinetic-energy cutoff of 500 eV for the
expansion of valence orbitals in the plane waves that was
shown to be sufficient for the total-energy calculations with a
convergence of less than 0.0004 eV/f.u. The core orbitals
were considered as frozen within the PAW formalism and the
atomic bases for PAW are �Mg� 3s23p0 and �oxygen� 2s22p4.
To fit the total energy and to determine the equilibrium lat-
tice constants, we used the Birch-Murnaghan equation of
state.32 Fitting was performed using total energies at 20 dif-
ferent volumes ranging from 0.6 to 1.3V0. It should be noted
that for the h-MgO, independent parameters a and c were
fully optimized.

Figure 3 shows the total energy versus the atomic volume
for the MgO structures. It is seen that the B1 structure is the
most stable. The common tangent between the B1 and the B2
curves determines the transition path between both struc-
tures. The calculated transition pressure B1→B2 P
=443 GPa is in reasonable agreement with other available

FIG. 2. �Color online� Atomic configurations within the inter-
sected fragment of MgO tube, which illustrate the local structural
transition from cubic to noncubic �hexagonal� atomic structure of
the tube wall in the bend area.

FIG. 3. Total energy versus the volume for cubic �1� B1, �2� B2,
and �3� hexagonal-like MgO phases.
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data,23 whereas h-MgO has a considerably larger volume
compared to B1 and B2 phases, and B1→h-MgO transition
can be achieved by applying a negative pressure at about
−25 GPa. The difference between the minimal energies of
the ground states of B1 and hexagonal-like phases is at about
0.06 eV per MgO “molecule.”

The equilibrium lattice constants are a=4.2342 Å �B1�,
a=5.2954 Å �B2�, a=3.5104 Å, and c=4.2219 Å; c /a
=1.203 �h-MgO�. In the B1 and B2 phases, the Mg and O
ions are placed in six- and eightfold positions with equiva-
lent bond lengths dMg-O=2.117 and 2.293 Å, respectively.
For h-MgO, the ions adopt an unusual fivefold coordination
with dMg-O=2.027 Å between the nearest-neighbor ions
within the hexagonal plane and dMg-O=2.111 Å between ions
in the adjacent layers.

Let us discuss the electronic properties of MgO poly-
morphs. In Fig. 4, we present the density of states �DOS� for
B1, B2, and h-MgO, as obtained by our VASP calculations.
Their energy spectra are formed by the low-lying quasicore
O 2s states separated from the occupied O 2p states by a
wide gap in agreement with previous data.33 The bottom of
unoccupied conduction band consists mainly of Mg s , p and
O 2p antibonding states. A very small admixture of magne-
sium states is found in the valence O 2p-like band that testi-

fies the ionic bonding between oxygen and magnesium at-
oms. The changes in the DOSs depending on the structural
type and coordination numbers of ions for MgO polymorphs
are seen in Fig. 4. According to our calculations, the values
of the dielectric gap Eg are 4.52, 2.38, and 3.34 eV for B1,
B2, and h-MgO polymorphs, respectively. Despite the well-
known34,35 underestimation of band gap of insulating oxides
by the DFT-GGA first-principles band-structure calculations,
these results demonstrate the variation Eg in different MgO
polymorphs. We found that the dielectric gap of MgO mate-
rial will decrease at about 1.2 eV at the phase transformation
B1→h-MgO.

In summary, by means of molecular-dynamics simula-
tions, we showed that the bending of the MgO tubes leads to
the formation of unique nanometer-scaled hexagonal MgO
phase that is achieved through a break of common Mg-O
bond of two adjacent Mg2O2 tetragons with their transforma-
tion into hexagon Mg3O3. This opens a controlled way to
fabricate magnesium oxide nanotubes with modulated wall
structures, where the nanometer-scaled noncubic MgO phase
tailored under mechanical strain is included in a tube wall.

Using ab initio density-functional band-structure calcula-
tions, we have predicted the structural and electronic proper-
ties of h-MgO phase. We showed that the application of
negative pressure to the B1 phase is a way to stabilize the
h-MgO phase in a bulk form. Probably, this phase may be
prepared under nonequilibrium conditions as thin films were
deposited at the surfaces of the corresponding hexagonal-like
substrates.

Finally, our estimations of band gaps for B1 and h-MgO
phases concluded that mechanically deformed MgO tubes
with a local inclusion of hexagonal-like phase between adja-
cent cubiclike walls can be assumed as insulator-insulator
heterojunction with a decreasing band gap at about 1.2 eV
for the bent area. We believe that further study of the struc-
tural and electronic properties and conductivity of deformed
MgO NTs can be useful for the search of applications of
these functional nanomaterials.
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