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Electronic and optical properties of pressure induced phases of MgH2
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Abstract

The electronic and optical properties of pressure-induced phases of MgH2 are investigated 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 are
made based on the electronic structure. The phases as a whole exhibit a color neutral insulator behavior. The calculated band gap are in good
agreement with earlier theoretical investigations. The absorption edges corrected by scissor operation matched quite well the experimental
findings. The optical anisotropy has also been evaluated.
© 2005 Elsevier B.V. All rights reserved.
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. Introduction

The compound MgH2 has attracted considerable attention
rimarily for being a promising hydrogen storage material
ue to its light weight, low manufacture cost and high hydro-
en storage capacity (7.6 wt.%). However, its slow hydrogen
bsorption/desorption kinetics and high dissociation temper-
ture (nearly 300◦C) limit its practical applications for hy-
rogen storage[1]. Much of effort has been paid in order

o overcome those limitations mainly by making nanocrys-
alline Mg [2] or by adding alloying elements[3–6].

The discovery of the optical transmission due to hydro-
enation in rare-earth elemental metals[7] as well as in rare-
arth-Mg[8–10] and MgNi [11] alloy thin films has turned

he attention to investigations on the optical properties of
gH2. It has been found that the absorption edges in the

ransmission spectra of these alloys are shifted to higher en-
rgies with increasing Mg concentration. Such a behavior is
xplained by considering the formation of MgH2, which is
xpected to have a wide band gap. Recently, Isidorsson et al.
12] have provided a careful experimental study on magne-
ium hydride thin films developed by using spectrophotom-
try and ellipsometry techniques. They have found a band
ap of 5.6 ± 0.1 eV for �-MgH2. Materials with large band

gap (color neutral insulator, Eg> 3.0 eV) in fully hydro-
genated state and with reversible switching behavior
hydrogenation are promising for applications in for insta
“smart” windows.

Vajeestone et al.[13] using ab initio calculations have co
firmed that MgH2 undergoes several pressure-induced p
transitions[14,15]. They have found that the ground st
�-MgH2 (TiO2-rutile-type) transforms into orthorhombic�-
MgH2 (�-PbO2-type) at 0.39 GPa and that the subseq
phase transformation from�- to �-MgH2 (Mod. CaF2-type)
occurs at 3.84 GPa. These phases can be found as a by-p
in high-pressure syntheses of metal hydrides[16]. Thus, to
figure out the role of MgH2 in Mg-based alloys it is esse
tial to determine the electronic and optical properties of
high-pressure phases.

In this work we present a theoretical investigation of
electronic and optical properties of�-, �- and�-MgH2. The
calculations of the electronic structure were performed b
ing the full-potential linearized augmented plane wave
LAPW) method[17]. The optical absorption as well as
optical anisotropy were investigated by means of the c
plex dielectric function. The latter were calculated from
joint density of states and the dipole matrix element[18].
In Section2, we present the details of our computatio
.

method. Then, in Section3, we present and discuss the elec-
tronic structure as well as the complex dielectric function.
T
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he main results are summarized in the conclusion.
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2. Computational method

The electronic structure was calculated within the frame-
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 code[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 2.65 a.u.) in the�-, �-, �-MgH2, respectively. The
basis set for the Hamiltonian matrix consisted of 865, 971
and 1357 plane waves in the interstitial region for�-, �-
, �-MgH2, respectively. The maximum azimutal quantum
number of lmax = 10 has been used as the cutoff for the
spherical harmonics in the atomic region. The integrations
for the total energy have been carried out using 500 k-points
in the irreducible part of brillouin-zone (IBZ), for all phases.
The density of states as well as the imaginary part of di-
electric function, however, has been calculated on a grid of
1500 k-points in the IBZ. In all calculations, self-consistency
was achieved with a tolerance in the total energy of
1.36 meV.

The density of states were calculated by means of the mod-
ified tetrahedron method of Blöchl et al.[20]. The compo-
nents of the imaginary part of the dielectric function,ε2(ω),
along the crystal axes were calculated directly from the elec-
tronic structure[18]. The totalε (ω) is thus obtained by per-
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Fig. 1. Band structure of (a)�- and (b)�-MgH2.

The calculated complex dielectric functionε(ω) =
ε1(ω) + iε2(ω) for �-, �- and�-MgH2 phases are shown in
Fig. 3. The band gap underestimation was treated through
a scissor operation which shift the calculatedε2(ω) up-
wards in photon energy. We have used a band gap correc-
tion of � Eg=1.7 eV in order to match the experimental
value of Eg= 5.6 eV [12] for the � phase. Assuming that
the same value can be applied to� and� phases, we expect
an experimental gap of 5.3 eV for�-MgH2 and 4.2 eV for
�-MgH2.

For the� phase theε2(ω) show one primary peak at 7.6 eV
and some weak shoulders at 7.2, 7.8 and 8.8 eV. For the
� phase there are two main peaks at 7.6 eV and 8.11 eV
with some weak shoulders at 6.9, 7.1, 9.0, 9.7 and 10.3 eV.
Whereas the�-MgH2 has its principal peak at 7.3 eV, a very
small peak at 4.9 eV and two shoulders at 6.6 and 8.5 eV. Ac-
cording to the electronic structure, the absorption features up
to 7.6 eV in both� andδ phases and up to 7.3 eV in the�
phase are mainly originated by the transitions from occupied
Mg p states to unoccupied Mg s states, whereas the higher
energy transitions are principally determined by Mg s to Mg
p direct interband transitions.
2
orming the arithmetic average of its components. The
art of the dielectric function,ε1(ω), was obtained from th
ramers–Kroning dispersion relations.

. Results

The band structures near the fundamental band gap�-
nd�-MgH2 are presented inFig. 1. As one can see bo
and � phases have indirect band gap. The same so

undamental band gap has been obtained for�-MgH2 [21].
In Fig. 2we show the calculated partial density of state

he s- and p-states for Mg and H atoms in the different ph
f MgH2. In the energy interval between−6.5 and−4.5 eV

n �-MgH2, −6.7 and−5.5 eV in �-MgH2, and−8.0 and
6.4 eV in�-MgH2 the valence band is primarily determin
y hybridization between H 1s and Mg 3s states. The up
ost region however is composed mainly by hybridiza
etween H 1s and Mg orbital with p character. The bot
f the conduction band, just above the Fermi energy, is c
osed mainly by the unoccupied Mg p and s states w
ery small amount of unoccupied H s and p states.

Our results confirm that�-MgH2 and their high-pressu
odifications, considered in this work, exhibit insulating
avior. It is well known that the local-density theories
erestimate the band gap of semiconductors in betwe
nd 50%. Therefore the calculated band gap of 3.9 eV�
hase is 47% smaller than the experimental value of 5

12]. The calculated band gap for� and� phases are 3.6 a
.5 eV, respectively.
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Fig. 2. Partial density of states (DOS) for a Mg-atom in (a)�-, (b) �- and (c)�-MgH2 and for a H-atom in (d)�-, (e)�- and (f)�-MgH2. 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 the�, � and � phases, respectively. The
corrections by scissor operation are included.

If one consider the ratio ofεc
1(0)/εa

1(0) as a measure for the
average optical anisotropy, whereεc

1(0) andεa
1(0) are the static

components of the real part of the dielectric constant along the
c- anda-axes of the crystal. Then, we can claim that neither
�-MgH2 (εc

1(0)/εa
1(0) = 1.01) nor �-MgH2 (εc

1(0)/εa
1(0) =

1.04) show high anisotropy.

4. Conclusion

In summary, we have investigated the electronic and op-
tical properties of�-, �- and�-MgH2 within the framework
of the GGA to DFT using the FP-LAPW method. The opti-
cal absorption as well as the optical anisotropy are investi-
gated by means of the calculated complex dielectric function
ε(ω) = ε1(ω) + iε2(ω). The band structure near the funda-
mental band gap for the�- and�-MgH2 are presented. We
have found that all phases exhibit insulating behavior with
indirect band gap. If we consider the same band gap correc-
tion in the� and� phases as in the� phase we expect a band

gap of 5.3 eV for�- MgH2 and 4.2 eV for�- MgH2. 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 neither�-MgH2 nor�- MgH2
show high anisotropy.
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