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Abstract

The electronic and optical properties of pressure-induced phases of dMgHhvestigated using the full-potential linearized augmented
plane wave method. The absorption features are investigated by means of the calculated complex dielectric function and the analysis a
made based on the electronic structure. The phases as a whole exhibit a color neutral insulator behavior. The calculated band gap are in go
agreement with earlier theoretical investigations. The absorption edges corrected by scissor operation matched quite well the experiment
findings. The optical anisotropy has also been evaluated.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction gap (color neutral insulator, Eg 3.0eV) in fully hydro-
genated state and with reversible switching behavior upon
The compound Mghlhas attracted considerable attention hydrogenation are promising for applications in for instance
primarily for being a promising hydrogen storage material “smart” windows.
due to its light weight, low manufacture cost and high hydro-  Vajeestone et aJ13] using ab initio calculations have con-
gen storage capacity (7.6 wt.%). However, its slow hydrogen firmed that Mgh undergoes several pressure-induced phase
absorption/desorption kinetics and high dissociation temper- transitions[14,15] They have found that the ground state
ature (nearly 300C) limit its practical applications for hy-  a-MgH> (TiOz-rutile-type) transforms into orthorhombie
drogen storaggl]. Much of effort has been paid in order MgH> (a-PbO-type) at 0.39 GPa and that the subsequent
to overcome those limitations mainly by making nanocrys- phase transformation from to B-MgH2 (Mod. Cak-type)
talline Mg [2] or by adding alloying elemen{8-6]. occurs at 3.84 GPa. These phases can be found as a by-product
The discovery of the optical transmission due to hydro- in high-pressure syntheses of metal hydrifissy. Thus, to
genation in rare-earth elemental mef{dlsas well asinrare-  figure out the role of Mghl in Mg-based alloys it is essen-
earth-Mg[8—10] and MgNi[11] alloy thin films has turned tial to determine the electronic and optical properties of their
the attention to investigations on the optical properties of high-pressure phases.
MgHo.. It has been found that the absorption edges in the In this work we present a theoretical investigation of the
transmission spectra of these alloys are shifted to higher en-electronic and optical properties @f, y- and-MgHa. The
ergies with increasing Mg concentration. Such a behavior is calculations of the electronic structure were performed by us-
explained by considering the formation of MgHvhich is ing the full-potential linearized augmented plane wave (FP-
expected to have a wide band gap. Recently, Isidorsson et alLAPW) method[17]. The optical absorption as well as the
[12] have provided a careful experimental study on magne- optical anisotropy were investigated by means of the com-
sium hydride thin films developed by using spectrophotom- plex dielectric function. The latter were calculated from the
etry and ellipsometry techniques. They have found a bandjoint density of states and the dipole matrix elemgig].
gap of 56 4+ 0.1 eV for a-MgH». Materials with large band  In Section2, we present the details of our computational
method. Then, in SectioBy we present and discuss the elec-
" Corresponding author. Tel.: +46 18 4713532: fax: +46 18 4713524,  ONic structure as well as the complex dielectric function.
E-mail address: Moyses.Araujo@fysik.uu.se (C. Mdgs Ardijo). The main results are summarized in the conclusion.
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2. Computational method I
The electronic structure was calculated within the frame- 5 :_9
work of generalized gradient approximation (GGA) to
]

the density functional theory (DFT) using the FP-LAPW
method[17]. The calculation have been performed using
the WIEN2K cod€g[19]. The muffin-tin radius of hydrogen

(magnesium) have been defined as 1.0, 1.2 and 1.05 au (2.65,

2.2 and 2.65a.u.) in the-, y-, B-MgH>, respectively. The

basis set for the Hamiltonian matrix consisted of 865, 971 B |
and 1357 plane waves in the interstitial region &t -

, B-MgHa, respectively. The maximum azimutal quantum -

Energy (eV)

number oflmax = 10 has been used as the cutoff for the | | 1\-—1. 1
spherical harmonics in the atomic region. The integrations Y T z r X
for the total energy have been carried out using 500 k-points  (a) Wave vector

in the irreducible part of brillouin-zone (IBZ), for all phases.
The density of states as well as the imaginary part of di- *H . T '
electric function, however, has been calculated on a grid of X:;_

1500 k-pointsin the IBZ. In all calculations, self-consistency

was achieved with a tolerance in the total energy of
1.36 meV. 0

| -
The density of states were calculated by means of the mod-

ified tetrahedron method of Bthl et al.[20]. The compo- | al

nents of the imaginary part of the dielectric functiep(w),

along the crystal axes were calculated directly from the elec- 5

tronic structurg18]. The totale(w) is thus obtained by per-

forming the arithmetic average of its components. The real

]

| L 1 |
R T X M
(b) Wave vector

Energy (eV)

part of the dielectric functiors;(w), was obtained from the
Kramers—Kroning dispersion relations.

3. Results Fig. 1. Band structure of (&) and (b)3-MgH>.

The band structures near the fundamental band gap in

and 3-MgH> are presented ifrig. 1L As one can see both The calculated complex dielectric function(w) =
v and B phases have indirect band gap. The same sort ofe1(w) + iez2(w) for a-, y- andB-MgH2 phases are shown in
fundamental band gap has been obtaineddfdtgH, [21]. Fig. 3 The band gap underestimation was treated through

In Fig. 2we show the calculated partial density of states of a scissor operation which shift the calculatedw) up-
the s- and p-states for Mg and H atoms in the different phaseswards in photon energy. We have used a band gap correc-
of MgHo. In the energy interval between6.5 and—4.5eV tion of A Eg=1.7eV in order to match the experimental
in a-MgH», —6.7 and—5.5eV in~y-MgH,, and —8.0 and value of Eg= 5.6 eV [12] for the a phase. Assuming that
—6.4eVinB-MgH» the valence band is primarily determined the same value can be appliecht@and phases, we expect
by hybridization between H 1s and Mg 3s states. The upper-an experimental gap of 5.3eV ferMgH, and 4.2 eV for
most region however is composed mainly by hybridization B-MgH-.
between H 1s and Mg orbital with p character. The bottom  For thex phase the,(w) show one primary peak at 7.6 eV
of the conduction band, just above the Fermi energy, is com-and some weak shoulders at 7.2, 7.8 and 8.8eV. For the
posed mainly by the unoccupied Mg p and s states with a-y phase there are two main peaks at 7.6eV and 8.11eV
very small amount of unoccugdeH s and p states. with some weak shoulders at 6.9, 7.1, 9.0, 9.7 and 10.3eV.
Our results confirm that-MgH> and their high-pressure  Whereas th@-MgH2 has its principal peak at 7.3 eV, a very
modifications, considered in this work, exhibit insulating be- small peak at 4.9 eV and two shoulders at 6.6 and 8.5 eV. Ac-
havior. It is well known that the local-density theories un- cording to the electronic structure, the absorption features up
derestimate the band gap of semiconductors in between 300 7.6 eV in botha and$ phases and up to 7.3 eV in tige
and 50%. Therefore the calculated band gap of 3.9 eV for phase are mainly originated by the transitions from occupied
phase is 47% smaller than the experimental value of 5.6 eV Mg p states to unoccupied Mg s states, whereas the higher
[12]. The calculated band gap ferand phases are 3.6 and  energy transitions are principally determined by Mg s to Mg
2.5eV, respectively. p direct interband transitions.
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Fig. 2. Partial density of states (DOS) for a Mg-atom in¢a)(b) y- and (c)B-MgH2 and for a H-atom in (dg-, (€)y- and (f)B-MgHa. Solid and dashed lines represent s- and p-states, respectively. The band

gap correction is not included and the Fermi level is set at zero energy.
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Fig. 3. (a) Imaginary and (b) real part of the dielectric function. Dashed,
dotted and solid lines represent they and B phases, respectively. The
corrections by scissor operation are included.

If one consider the ratio @ (0)/¢{(0) as ameasure for the
average optical anisotropy, whefg0) ands{ (0) are the static

components of the real part of the dielectric constant along the

223

gap of 5.3 eV fory- MgH2 and 4.2 eV for3- MgH». Thus,
the latter is expected to be still color neutral insulator what
is very important for applications in for instance smart win-
dows. We have also found that neitbeMgH2 norvy- MgH>
show high anisotropy.
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