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ABSTRACT

MgO super cell with and without oxygen defects have been constructed. The GGA exchange correlation
with PBE functional has been taken to analyse its structural, electrical and optical properties. It was observed that
the structural stability is decreased with increasing the oxygen vacancy. The density of states (DOS) studies shows
the acceptor levels are increased when the super cell becomes oxygen deficient. The band structure analysis shows
the removal of oxygen or oxygen defect in the super cell tends to decrease the band gap. The calculated
absorption coefficient values of the super cell decreases when the O vacancies are increased.
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INTRODUCTION

Among the various intrinsic defects of MgO the oxygen vacancy at the surface has
received particular attention both from experimentalists and theoreticians because it is a
relatively common defect which has interesting properties in spite of its simplicity. According to
the number of electrons trapped in the vacancy (2, 1, or 0) this defect is called Fs,F," or [
center, F standing for Farbe, the German word for color, because of its optical activity, and the
s subscript recalling its location at the surface. First-principles computational studies on metal
oxide surfaces are best tool for tailoring new kind of material effectively [1, 2]. In particular,
defected metal oxide surface analysis such as voids or substitutional atoms as impurities are at
interstitial positions will change the entire behaviour of the surface which leads to electronic
structure adjustment, structural distorted and some changes in their physiochemical properties
[3]. Oxygen vacancies on metal oxide surfaces have been one of the subjects of different
theoretical investigations [4]. Due to oxygen vacancies in metal oxides, some of its
characteristics such as variation in total energy, change in Fermi level, density of states in
valance band distortion and reduction in band gap may occur. [5]

MgO is one of the simplest metal oxide with rock salt cubic structure [6], having wider
band gap of 7.8eV [7]. It is used in the fields of refractory [8], coating materials [9] substrates
and catalysts [10]. Bulk MgO could be very efficient substrate for growing thin films. Simple
clusters with small number of atoms (super cell) will cause substantial deviations of physical
and chemical properties with molecules and bulk phase. Hence it decided to investigate on
MgO supercell [11] with and without oxygen vacancies using Density functional theory (DFT).
DFT is one of the widely used theories to study the electronic ground state structure, in terms
of electronic density distributions [12]. In this present study MgO super cell with 36 atoms has
been constructed in pure (MgO) and with oxygen vacancies MgO@Vol, MgO@Vo2 and
MgO@Vo3 to study its structural, electronic and optical properties using density functional
theory.

Computational Details

Full geometry optimization of MgO super cell of pure and oxygen deficient forms is
performed using density functional theory implemented in SIESTA [13,14] package. Generalize
Gradient Approximation GGA [15] exchange correlation is used with PBE [16] as functional.
Double zeta basis type has been used for Mg and O atoms. The convergence criteria for self
consistent field calculation [17] are 10 on the total energy. For band structure calculation 3 x
3 x 2 monkhorst pack grid was used to sample the brillouine zone [18]. Meshcut off for the SCF
calculation [19] was set to 140 Ry. The optical excitation calculation is performed within the
energy range of 0 to 5 hartrees with 0.02eV broadening value. For optical calculation 1x1x1
optical mesh is used with 0.02 eV optical broadening.
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Structures of MgO, MgO@Vo1, MgO@Vo2 and MgO@Vo3 for 36 atoms

Fig. 1 shows the structures of MgO super cells used in this study. Table 1 shows the
energy obtained for various MgO supercells. For pure MgO super cell, the energy obtained is -
9669.839 eV. This is majorly due to lon electron exchange. However, the removal of oxygen
from the super cell (MgO@V,;) makes a defect or oxygen vacancy which tends to decrease the
stability of the structure. The calculated energy for this structure is -9215.23 eV. When two
oxygen vacancies are created from the structure (MgO@Vy;), it becomes more unstable by
increase in energy. Making of the supercell by more oxygen vacancies (MgO@Vo3) results that
more F centers are formed and the cluster becomes more unstable. The energy obtained for
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MgO@VO02 and MgO@VO3 are -8760.14 eV and -8306.61 eV respectively.

Table 1: Total energy of Exciting Structure of MgO, MgO@Vo1l, MgO@Vo2 and MgO@Vo3

Structure Energy(eV)
MgO -9669.83921
MgO@Vol -9215.23321
MgO@Vo2 -8760.14710
MgO@Vo3 -8306.61113
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Figure 1: (a) Pure MgO optimized structure super cell (b) MgO@Vo1- one oxygen vacancy (c) MgO@Vo2- two
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oxygen vacancy, (d) MgO@Vo3 - three oxygen vacancy.
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Band Structure of MgO, MgO@Vo1l, MgO@Vo2 and MgO@Vo3
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Figure 2: Band Structure diagram (a) MgO, (b) MgO@Vo1, (c) MgO@Vo2 and (d)MgO@Vo3

From the figure it is seen that all the structures have direct band gap. Fig 2(a) shows the
band structure of pure MgO of 36 atomes. It is very clear from that the valance bands consists of
O2p states. The O2s states are observed below the O2p states which are not interacted with
O2p states. In the conduction band, due to Mg3d states are dominating and they are not very
much dispersed. The band gap is observed as 5.21eV. Removal of one oxygen atom from the
super cell changes valance band states-Fig 2(b). The O2p and O2s states are overlapped and the
band gap becomes narrowing. A non interacting single energy state is hoisted due O2p in the
valance band and results some dispersion of states in the conduction band due to the defect.
The band gap observed for this structure is 4.84 eV. Fig 2(c) shows two oxygen removed MgO
cluster. In this band structure, dispersion of Mg3d states in the conduction band occurs may
due to the domination of increase in the number of O vacancies. However, some localised
states are raised and narrowing the band gap further which has the value 3.94eV. Further
removal of O atom from the super cell, results more dispersion in the conduction band. The
valance band has more localized states due the oxygen vacancy which further reduces the band

gap.
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Density of States

Normally in MgO clusters, the DOS arises due to 3d states of Mg and 2p states of O. For
pure MgO super cell shown in Fig 3(a), two major peaks are observed below the Fermi level is in
the range -30eV to 0eV with highest number of states per eV. A strong peak is also observed
above the Fermi level indicates that pure MgO super cell is having both valance and conduction
band states equal. When removal of Oxygen - Fig 3(b) from the cluster influences the decrease
in the number of states in the valance band and also in the conduction band. This increases the
energy region in the acceptor level. Fig 3(c) shows the DOS spectrum of MgO clusters with two
oxygen vacancies. This results the increase in the acceptor level. The same number of states
remains when one more oxygen atom is removed - Fig 3(d). Hence it is clear from this, when
oxygen is removed from the MgO super cell form O vacancy site results raise in the acceptor
level states. These results may leads to the formation of F centers.
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Figure 3: Density of States (a) MgO, (b)MgO@Vo1, (c) MgO@Vo2 and (d) MgO@Vo3

Optical property
Fig 4 and Fig 5 shows the imaginary and real part of dielectric constant of MgO, and
oxygen removed MgO clusters. The imaginary part shows that the shift in the dielectric

imaginary is towards higher wavelength region. This may due to the number increase in
number of oxygen vacancies. The real part of dielectric shows the same trend.
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Figure 4: Dielectric Imaginary (a) MgO, (b)MgO@Vo1, (c) MgO@Vo2 and (d) MgO@Vo3
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Figure 5: Dielectric Real (a) MgO, (b)MgO@Vo1, (c) MgO@Vo2 and (d) MgO@Vo3

MgO super cell with 36 atoms are constructed in pure Mg0O, MgO@Vo1l, MgO@Vo2 and
MgO@Vo3 oxygen removed forms to study about its structural, electronic and optical
properties using density functional theory implemented in SIESTA package. The stability of the
cluster is decreased when the oxygen vacancies are created. The density of states (DOS)
spectrum reveals that the acceptor levels are increased when the super cell becomes oxygen
deficient. The band structure analysis shows the removal of oxygen or vacancy of oxygen in the
super cell increases more localised states in the conduction band which tends to decrease the
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band gap. The band gap narrowing property is observed. From the optical properties,
calculated absorption coefficient values of the clusters decreases when the O vacancies are
created and the structures becomes more transparent tends to form the F centers. The
reflectance spectra do not show any significant variance.
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