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The electronic structure of MgO is caleulated in the framework of local-density theory using the
LAPW resp. cluster X .-SW method. The results of an improved permititivity calculation is comp-
ared with optical measurements, yielding good agreement. The effect of pressure on the electronic
structure is studied for NaCl symmetry. It is found that the direct gap becomes indirect already
for a compression of V/V, = 0.9.

Die Elekronenstruktur von MgO wird im Rahmen der lokalen Dichtefunktionaltheorie mit
LAPW, bzw. mit der Cluster-X ,-SW-Methode berechnet. Die Lrgebnisse einer verbesserten
dielektrischen Permittivititsbestimmung werden mit den experimentellen optischen Daten ver-
glichen und ergeben gute Ubereinstimmung. Die Druckabhéingigkeit der Elektronenstrulctur wird
fir NaCl-Symmetrie untersucht und gefunden, daB die direkte Bandliicke schon fiir eine Kompres-
sion von V/V, = 0,9 indirelt wird.

1. Introduection

Recently increasing scientific interest has been turned toward the metal-oxygen
systems. The wide scale of their physical and chemical properties, as thermostability,
resistivity against the chemieal corrosion, as well as some wide range properties useful
for optical elements are the cause of their scientific interest. The difficulties of the
interpretation of their electronic energy band structures and their pressure-induced
variation as well as the explanation of the measured optical spectra promoted a number
of theoretical investigations as well. In our Ppresent paper we describe a calculation of
electron-energy spectra and optical properties of MgO (NaCl structure) trying to
clarify some contradictions in the corresponding literature [1].

In Section 2 the electronic structure of MgO is calculated by the self-consistent linear
augmented plane wave (LAPW) method [2]. In Section 3 we give a comparison of the
theoretically approximated spectrum for the imaginary part of dielectric permittivity
(g5(w)) with the experimentally measured data.

In Section 4 we describe the pressure-induced change of the electronic energy band
spectra.

In Section 5 we choose an appropriate cluster calculation of MgO, and a comparison
is given with the electronic structure calculated for bulk MgO.
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2. The Band Caleulation

The electron-energy band structure of MgO was calculated by use of the self-con-
sistent LAPW method [2] in the frame of the local approximation of density functional
theory [3, 4]. The accuracy of our calculation is 0.013 eV.

In Fig. 1 the calculated self-consistent electronic structure is shown. It is charac-
teristic that the lower valence band is formed by s-electrons, while the upper valence
band is formed by electrons of oxygen. Moreover, it can be observed that the top of
the valence band and the bottom of the conduction band are located at symmetry
point I'y, consequently MgO is a direct-band dielectric. Some characteristic parameters
of the MgO electron-band structure are listed in Table 1. Considering the problems of
the electronic density functional method [4], the value of the band gap is under-
estimated.

3. Optical Spectrum

The ecalculation of the imaginary part of the dielectric permittivity (g5()) generally
has been carried out in the approximation of constant matrix element. It became clear,
that such a calculation is not entirely consequent [5]. For the correction of this prob-
lem in our recent paper &(w) is calculated taking into consideration the energy depend-
ence of the matrix elements of optical transitions.
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Fig. 1. The calculated hand structure of MgO

Fig. 2. The imaginary part of the dielectric permittivity of MgO. ——— experiment [1],
present theory
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Trom these calculations [6] &, was found

4o 2dk
) = —— 3 | —= (RS E, — By — o),
ex0) = oz S | (e 1000 I 3B — By — o) M)

where

ocv(k) = (k, ¢| —iV |k, V)

and (k, |, |k, v) are electron wave functions in conduction and valence band, respec-
tively.

The recent calculation and the experimental spectrum [1] are compared in Fig. 2.
The theoretical spectrum is shifted by an underestimated value of the band gap. For
the correction of this effect an adjusting shift was made up to the correlation to Kohn-
Sham eigenvalues [7 to 11]. The value of this shift is 2.9 eV. Under these circumstances
the theoretical and experimental spectra agree well, so this adjustment should be
considered as an accurate energy gap correction to the result of the electronic density
functional method.

4. The Eleetronic Structure at High Pressures

A hydrostatic compression of the crystal was modeled by a 10% volume reduction.
This means that the equilibrium lattice parameter (¢, =~ 0.4211 nm) will change to
o = 0.4065 nm (V] V, = 0.9), which can be considered much less than 101 Pa, which
approximates a higher volume ratio, V/V, = 0.75 [12]. The study of the real depend-
ence of V|V, on pressure is in progress now. The energy band structure of MgO at
this pressure is shown in Fig. 3. The valence band after the perturbation by pressure
is practically unchanged compared to the valence band of MgO at normal pressure;
but its band gap width has been lowered.

According to our recent calculation the hydrostatic pressure will lower the electronic
energy in the vicinity of the symmetry point X, (d-states of Mg) in the conduction
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band, and a transformation of MgO into an indirect-band dielectric takes place. Our
result is modifying the other calculations accepted in literature [12], where it was
supposed that this transformation occurs only at considerably higher pressures,
somewhere in the interval 0.5 < V/V, < 0.754. Our result means that the transfor-
mation effect at about V/V, = 0.9 could be reached much easier in experiment.

5. Cluster Calculation

The electronic structure of MgO clusters was calculated by the X_,-SW method [16]
as well.

The choice of the right size and geometrical arrangement of the cluster unit has
essential importance. This problem could be solved by probing different parameters of
the clusters. The optimal cluster can be chosen by comparison of the calculation results
for a given cluster unit with the corresponding band-structure approximation.

The best result was obtained for the cluster size of 27 atoms (three coordination
spheres) and obviously of NaCl structure symmetry.

The centre of this cluster is occupied by an Mg atom, the first coordination sphere
consists of six oxygen atoms twelve Mg atoms are arranged in the second sphere,
while the third sphere consists of eight oxygen atoms.

In Fig. 4 the electronic structure of this optimal cluster (Mg;;017) is shown. The
width of the band gap is equal to 5.03 eV, while the width of the valence band is
16.32 eV. The bottom of the valence band is mainly due to s-states of oxygen, the
top of the band is formed by its p-states. It is clear from the above results that band
caleulation and the cluster calculation for the Mg,,077 arrangement give similar pat-
terns for the electron structure of MgO. It means that the cluster size chosen is real-
istic.

The cluster calculation is very important because of the possibility of using of the
relatively simple cluster method instead of the more difficult band-structure calcula-
tion. The further work on these problems based on the chosen optimal cluster size is in
progress.
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Fig. 4. The energy level diagram of the cluster
Mg3017
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6. Coneluding Remarks

A caleulation was carried out of electronic structure of MgO using both cluster and
electronic band methods. The results obtained by the two caleulations showed that the
lower valence band is formed by s-states of oxygen, the other one is formed by p-states
of oxygen, while the bottom of the conduction band is formed by s-states of Mg.
Homogeneous pressure lowers the electronic energy of the X; point being basically
created by d-electronic states of Mg. This change transforms the compound MgO
into an indirect-band dielectric. The calculated spectrum of g, is in good agreement with
experiments.
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