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CHAPTER SIXTEEN

Abstract

In this paper we present first-principles calculations for the electronic and optical 
properties for the complex hydride LiAlH4 employing the full-potential linearized plane 
wave plus local orbitals (FP-LAPW s+ lo) method. The exchange and correlation poten-
tial is a generalized gradient approximation.

The band structures, total and partial density of states, and dielectric functions are 
calculated at equilibrium in the monoclinic and tetragonal phases. For the monoclinic 
phase, present results agree well with the previous theoretical data. They also show 
that the tetragonal phase has a direct band gap of 4.11 eV and its DOS is similar to 
that at the transition pressure. In the optical spectra, absorption increases rapidly to 
intense peaks. Their origin is identified from the band structures. The refractive index 
n(ω), reflectivity R(ω), absorption coefficient I(ω), and energy-loss function L(ω) are 
calculated and discussed for the both phases.
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1. INTRODUCTION

The sharp increase of carbon dioxide in the atmosphere is caused by 
the use of carbon fossil fuels (coal, natural gas, oil) in transport, habitat, and 
industry. This disturbing phenomenon has led the scientific community 
to find an alternative source of clean and renewable energy which can be 
consumed without any significant negative impact on the environment. 
Several solutions have been proposed such as solar, wind, and hydrogen. 
This last solution seems promising and hydrogen is expected to play an 
important role in a future energy economy, especially in the transport sec-
tor,1,2 reducing emission of greenhouse gas and pollutants.3,4 Hydrogen 
is one of the most abundant elements on the planet. Hydrogen is pres-
ent in water; it is not available in nature. The major challenge is therefore 
to extract it and to store it suitably in dense and safe media in order to 
distribute then. Hydrogen stored in solid materials is a safe alternative to 
liquid or compressed gas. In this context, research activities were focused on 
seeking compounds that can store hydrogen. Many advanced materials such 
as complex hydrides have been explored.5–7 Ternary hydrides of light ele-
ments have attracted much attention for their low weight and high hydro-
gen content.8 Since the work of Bogdanovic and Schwickardi in 1997,9 
NaAlH4 and LiAlH4 have drawn great interest as candidates for reversible 
storage. Absorption kinetics are improved by adding catalysts (Ti, V).9,10

Extensive experiments and theoretical studies have been performed to 
determine the structural stability,11–13 the nature of chemical bond,14 and 
understanding electronic and thermodynamic properties of these com-
pounds.15–19 Concerning their optical properties, there is still a lack of data.

In this work we focused into the optical properties of the ternary 
aluminum hydride LiAlH4. In ambient conditions LiAlH4 crystallizes as 
monoclinic α-LiAlH4.12 With increasing pressure, the phase transition from 
α- to β-LiAlH4 occurs at 2.6 GPa.13,17 Above 33.86 GPa the β phase is con-
verted into γ-LiAlH4.20 The monoclinic structure of LiAlH4 with space 
group P21/c has four formula units per crystallographic cell. AlH4 forms 
an almost regular tetrahedral subunit with an Al atom at its center and four 
H atoms at its vertices. Li atoms separate these subunits of the composed 
structure. The tetragonal structure β-LiAlH4 has I41/a symmetry. The 
crystallographic cell contains two formula units. The crystal structure can 
also be described in terms of AlH4 tetrahedra. The orthorhombic structure 
γ-LiAlH4 with space group Pnma has four formula units per crystal cell. In 
this case an octahedral environment is formed around the metal Al.
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There is a considerable work on the monoclinic phase of LiAlH4
8,14–

16,19,21,22 but very few results are available on its two phases β and γ.16 On 
the other hand the dielectric function was studied in the α phase.22 To the 
best of our knowledge, there are no calculations of optical properties that 
have been reported for the tetragonal and orthorhombic phases of LiAlH4. 
To determine how the optical properties depend on structure, we report 
here first-principles studies of the electronic properties, absorptive and dis-
persive parts of the dielectric function, and other optical properties in the 
ambient and high-pressure phases of LiAlH4.

The rest of this paper is organized as follows: in Section 2, we describe 
the method used and we give the details of calculations.The results on 
structural, electronic and optical properties are presented and discussed in 
Section 3. Finally, a brief conclusion is found in Section 4.

2. COMPUTATIONAL DETAILS

The calculated results in this paper were obtained using the full-poten-
tial linearized augmented plane wave plus local orbitals (FP-LAPW + lo)23,24 
method within the framework of density functional theory (DFT)25,26 as 
implemented in the WIEN2k code.27 This method uses “the muffin-tin 
geometry”, separating space into spheres and interstices. For the exchange 
correlation potential we used the generalized gradient approximation as 
defined by Perdew et al.28

In this paper the core states that are completely confined inside the 
corresponding muffin-tin spheres were treated fully relativistically, while for 
the valence states we used the scalar-relativistic approach (all the relativistic 
effects are taken into account except the spin-orbit coupling).

In the calculations, the H (1s1), Li (1s22s1), and Al (2p63s22p1) states 
are treated as valence electrons. The muffin-tin radii RMT are chosen such 
that the MT spheres do not overlap. They are taken to be 0.9 Bohr for H 
and 2 Bohr for Li and Al for the phases α-, and β-LiAlH4. For γ-LiAlH4, 
RMT corresponds to 1.09 Bohr for H, 2.37 Bohr for Li and 2.02 Bohr 
for Al. The basis functions were expanded up to RMT × KMAX = 5 for 
α-, and γ-LiAlH4, and 5.5 for β-LiAlH4 (where RMT is the smallest of 
all MT spheres radius and KMAX is the maximum value of the wave 
vector K).

The number of k-points, which ensures total energy convergence in the 
whole Brillouin zone, was 48 for the monoclinic, 130 for the tetragonal, 
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and 85 k-points for the orthorhombic LiAlH4 structures. The self-consistent 
calculations are considered to be converged when the total energy is stable 
within 0.1 mRyd.

3. RESULTS AND DISCUSSION
3.1 Structural properties

The proposed crystal structures of the investigated compound LiAlH4 were 
optimized. We have proceeded as follows: first, experimental and theoretical 
values available in the literature were used for optimizing the total energy 
as a function of cell volume, keeping c/a and b/a constant and the internal 
atomic coordinates were fully relaxed at each value of cell volume. We 
note that the parameter β in the monoclinic structure was kept fixed at the 
reported experimental value. The self-consistent calculations are considered 
to be converged when the force is less than 0.3 mRyd/Bohr.

Figure 16.1 displays the optimized structures which clearly show the AlH 
subunits. The total energy-volume curves E(V) were fitted to the Murnaghan 
equation of state (EOS).29 The obtained results are illustrated in Figure 16.2. 

Figure 16.1 Crystal structure of LiAlH4 with the optimized lattice parameters and the 
relaxed atomic positions: (a) monoclinic: P21/c, (b) tetragonal: I41/a, and (c) ortho-
rhombic: Pnma. The small spheres are H, the large dark spheres are Al, and the large 
light spheres are Li. For color version of this figure, the reader is referred to the online 
version of this chapter.
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The lattice parameters and internal atomic positions identified at the equi-
librium for α-, β-, and γ-LiAlH4 are listed in Table 16.1, together with the 
available experimental data and previous theoretical woks for comparison. It is 
observed from Table 16.1 that for the phase α-LiAlH4, the optimized parame-
ters are consistent with the experimental values12 with a slight increase of 0.3%. 
Compared to the previous theoretical works of   Vajeeston et al.16 who used the 
projected augmented plane wave (APW) as implemented in Vienna ab initio 
simulation package (VASP)30 within the generalized gradient approximation 
GGA, the calculated lattice parameters show a slight underestimation of 2% in 
the tetragonal structure and an increase of 0.8% in the orthorhombic structure 
of LiAlH4. Overall, our results are in good agreement with the available data.

As it is shown in Figure 16.2, the total energy for α-LiAlH4 is the small-
est which confirms the greater stability of the monoclinic structure than 
the tetragonal and orthorhombic ones.

The calculated equilibrium volume V0 per formula unit, bulk modulus 
B0 and its corresponding pressure derivative B′

0 are summarized in Table 
16.2 for all phases of LiAlH4.

As we can observe in Table 16.2, our calculated B0 and B′
0 agree well 

with experimental data reported by Talysin et al.31 and Chellappa et al.,32 
so with results reported in Ref. 16.

We note that the bulk modulus of β-LiAlH4 is larger than those of α 
and γ phases but its equilibrium volume is the smallest. This can lead to an 
increase in hydrogen storage capacity as the investigated compound LiAlH4 

Figure 16.2 The total energy-volume curves of the structures α-, β-, and γ-LiAlH4. For 
color version of this figure, the reader is referred to the online version of this chapter.
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Table 16.2 Equilibrium volume V0 (Bohr3/f.u.), Bulk modulus B0 (GPa) and its 
 corresponding pressure derivative B′

0 for α-, β-, and γ-LiAlH4 with other calculations 
and experimental data

This work Other

Structure V0 B0 B0’ B0 B0’

α-LiAlH4 68.80 13.90 5.64 12.9c 4.1

β-LiAlH4 53.72 25.07 4.89 25.64d 4.35

γ-LiAlH4 58.50 14.26 5.40 14.25b 4.85
b From Ref. 16. c From Ref. 31. d From Ref. 32.

Table 16.1 Optimized structural parameters for α-, β-, and γ-LiAlH4 with experimental 
data and other calculations

Structure Lattice constants (Ǻ) Atom coordinates

This work Other This work Other

α-LiAlH4 
(P21/c)

a = 4.8355 (4.8174)a Li: .5769, .4620, 
.8272

(.5603, .4656, 
.8266)a

b = 7.8314 (7.8020)a Al: .1529, .2042, 
.9347

(.1386, .2033, 
.9302)a

c = 7.8509 (7.8214)a H1: .1936, .1009, 
.7660

(.1826, .0958, 
.7630)a

β = (112.228)a H2: .3685, .3749, 
.9807

(.3524, .3713, 
.9749)a

H3: .2468, .0840, 
.1165

(.2425, .0806, 
.1148)a

H4: .8083, .2654, 
.8730

(.7994, .2649, 
.8724)a

β-LiAlH4 
(I41/a)

a = 4.5659 (4.6611)b Li: 0, .25, .625 (0, .25, .625)b

c = 10.3071 (10.5219)b Al: 0, .25, .125 (0, .25, .125)b

H: .2479, .5781, 
.5408

(.2527, .4237, 
5413)b

γ-LiAlH4 
(Pnma)

a = 6.5196 (6.4667)b Li: .2465, .25, 
.2474

(.2428, .25, 
.2467)b

b = 5.3916 (5.3478)b H1: .2984, .25, 
.9591

(.3067, .25, 
.9617)b

c = 6.6471 (6.5931)b H2: .7 147, .25, 
.9614

(.7162, .25, 
.9631)b

H3: .4934, .0208, 
.2947

(.4889, .9833, 
.2943)b

a From Ref. 12. b From Ref. 16.
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has high weight content of hydrogen. Hence, we explore the possibility of 
stabilizing the β phase at ambient pressure.16 The properties of β-LiAlH4 
under normal conditions are sought.

In our following analysis, we are interested in the electronic and optical 
properties of both α and β phases. The phase γ-LiAlH4 is much less stable 
and will be investigated in the future.

3.2 Electronic properties
By using the structural parameters determined at equilibrium, we have cal-
culated the electronic structures of LiAlH4 for the phases α-, and β-LiAlH4. 
The calculated band structures are displayed in Figure 16.3 along some 
higher symmetry directions of their Brillouin zone. The Fermi level is taken 
as the origin of energies.

Note in Figure 16.3, for the monoclinic phase α-LiAlH4 the valence band 
maximum is located at the Г point and the conduction band minimum is 
located at the C point which causes an indirect band gap of about 4.89 eV. 
While, the second phase β-LiAlH4 shows a direct band gap at the Γ point at 
about 4.11 eV.

(a) (b)

Figure 16.3 Band structures for (a) α-LiAlH4 and (b) β-LiAlH4. For color version of this 
figure, the reader is referred to the online version of this chapter.
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It is interesting to compare our calculated band gaps with other results. 
In Table 16.3 we have compared our work and other results. From the 
band gap values listed in Table 16.3, the GGA calculations on α-LiAlH4, 
by Vajeeston et al.16 Orgaz et al.,19 and Setten et al.,22 agree well with our 
value. The band gap obtained by the LDA approximation22 is ∼0.7 eV less 
and that which GW calculations give22 is higher. The band gap shown in 
β-LiAlH4 is in good agreement with that in Ref. 16.

We have also calculated the total and partial density of states (DOS) 
corresponding to the band structures plotted in Figure 16.3. The calcu-
lated DOS are illustrated in Figures 16.4 and 16.5 for α-, and β-LiAlH4, 
respectively. As shown in Figure 16.4 the valence band is divided into two 
regions separated by a small gap of ∼0.9 eV. Its lowest energy state is 
dominated by Al-s states, while the higher one, close to the Fermi level 
is due to H-s and Al-p states with small contribution of Al-d, Li-s and 
Li-p states.

From α- to β-LiAlH4 the small gap disappears from Figure 16.5. The DOS 
curves displayed in Figure 16.5 show that the valence band is contributed by 
H-s states and more mixing of Al-s and Al-p states with a minority of Al-d, 
Li-s and Li-p states. In both the phases the conduction band has very much 
less H character. Our results are consistent with those reported in Ref. 16. 
Note that the most significant finding in electronic properties for β-LiAlH4 is 
that the calculated density of states at equilibrium is similar to that obtained at 
transition pressure: P = 2.6 GPa.

3.3. Optical properties
The optical properties of crystals are essentially determined by the 

complex dielectric function ε(ω) = ε1(ω) + i ε2(ω), which characterizes 
the linear response of the material to an electromagnetic radiation. The 

Table 16.3 The calculated energy gap Eg (eV) of LiAlH4 in the monoclinic and tetrago-
nal structures at the equilibrium volume, with other calculations

Eg (eV)

Structure Present work Other calculations

α-LiAlH4 4.89 4.71b, 4.8e, 4.77f, 4.19f, 
6.6f

β-LiAlH4 4.11 4.25b

b From Ref. 16. e From Ref. 19. f From Ref. 22.
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imaginary part ε2(ω) of the dielectric function represents the optical 
absorption in the crystal. The interband contribution to the imaginary 
part of ε(ω) is calculated by summing transitions from occupied to unoc-
cupied states over the Brillouin zone; taking the appropriate momentum 
matrix elements into account, the imaginary part is given by the following 
expression:33

where ℏω is the energy of the incident photon, e and m the electron 
charge and mass, M the momentum operator, |i� is the wave function with 
eigenvalue Ei, and fj the Fermi distribution for |i� state.

The Kramers–Kronig expression gives the real part ε1(ω) of the 
dielectric function from the imaginary:
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(a) (b)

(c) (d)

Figure 16.4 Total and partial density of states for α-LiAlH4: (a) TDOS and (b), (c)  
and (d) PDOS. For color version of this figure, the reader is referred to the online version 
of this chapter.



S. Djeroud and F. Adjailia302

For the calculations of optical spectra, a sufficiently dense k-mesh is 
used, which consists of (25 × 14 × 15) and (18 × 18 × 18) k-meshes for α-, 
and β-LiAlH4, respectively.

The imaginary and real parts of the dielectric function were calculated 
for both phases α-, and β-LiAlH4 whose band structures are given in Figure 
16.3. Our results are shown in Figures 16.6 and 16.7 for radiation to 25 eV.

Due to the monoclinic symmetry the dielectric function is resolved 
in three components for α-LiAlH4. These components of the electric 
field direction perpendicular and parallel to the crystallographic z-axis are 
labeled εxx, εyy, and εzz. With tetragonal symmetry the dielectric tensor may 
have two components εxx (εyy) and εzz also corresponding to the electric 
field direction perpendicular and parallel to the crystallographic z-axis.

The ε2(ω) curves shown in Figure 16.6 for α-LiAlH4 are character-
ized by one major absorption peak along each Cartesian axis. What attracts 
attention in this structure is the presence of a shoulder in the z-direction 
in the region of lower energy and for photon energy higher than those 
corresponding to the mean peaks, ε2(ω) exhibits three shoulders, one 

(a) (b)

(c) (d)
0.4

0.3

0.2

0.1

0

0.4

0.3

0.2

0.1

0

0.4

0.3

0.2

0.1

0

Figure 16.5 Total and partial density of states for β-LiAlH4: (a) TDOS and (b), (c)  
and (d) PDOS. For color version of this figure, the reader is referred to the online version 
of this chapter.
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along the y-axis and the others along the x-axis. For β-LiAlH4 it is clear 
from Figure 16.6 that each component has one absorption peak. ε2zz is the 
highest and is shifted toward lower energy. There is an intense shoulder at 
5.13 eV in the x-direction. Above the energy of the maximum dielectric 
absorption, ε2(ω) decreases.

Slight anisotropy is observed between the components of ε2(ω) for 
α-LiAlH4, especially in the region of the principle peaks. However for 
the phase β, the absorptive components are clearly separated from each 
other, in particular in the region of intense absorption. The shape of the 
ε2(ω) curves is remarkably similar to that obtained in Ref. 22 where Setten  
et al. have carried out a recent study on the directionally averaged dielectric 
function of LiAlH4 in GW (Green function, W shielded Coulomb term) 
work. We see slight tail at lower energy for β-LiAlH4.

For analyzing the structures of the calculated imaginary part ε2(ω), we 
have used the technique of decomposition of the optical spectra, technique 
employed in studies on cubic semiconductor,34 filled tetrahedral semiconduc-
tors,35 and orthorhombic compounds.36 The results of decomposing each 
spectrum to its individual pair contribution, i.e., the contribution from each 
pair of valence vi and conduction cj bands (not shown here), indicate that 

(a)

(b)

Figure 16.6 Imaginary part of the dielectric function for (a) α-LiAlH4 and (b) β-LiAlH4. 
For color version of this figure, the reader is referred to the online version of this 
chapter.
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the first absorption starts at energies 5.1 and 4.11 eV for α-, and β-LiAlH4, 
respectively. This comes from direct transitions from the higher valence band 
to the conduction band just above the Γ point.

For α-LiAlH4 the threshold is slightly higher than the calculated 
indirect band gap (4.89 eV).

As shown in Figure 16.6 the absorptive part of the dielectric function 
increases rapidly above the threshold. The major peak occurring at 6.40 eV, 
along x-axis, originates from the following transitions:

Figure 16.7 Real part of the dielectric function for (a) α-LiAlH4 and (b) β-LiAlH4. For 
color version of this figure, the reader is referred to the online version of this chapter.



First-Principles Calculations of Electronic and Optical Properties 305

    (i) v3 → c4 (6.38 eV) at the Z point,
  (ii) v5 → c1,2 (6.35 eV) at the D point,
(iii) v6 → c2 (6.53 eV) at the Γ and D points,
(iv)  v7 → c1 (6.26 eV) and v7 → c1 (6.38 eV) at the Z and B points, respec-

tively.

(Numbering of bands is from the upper valence band and the lower 
conduction band).

At lower energy two shoulders appear along the x-axis. The first one 
starts at energy 8.17 eV and it is due to a series of weak transitions from the 
higher valence to the higher conduction bands. For the second shoulder 
happening at around 9.37 eV, the lowest valence bands play their role.

The major transitions which contribute to the principal peak reached 
at 6.51 eV, along y-axis, are as follows:

    (i)  v1 → c6 (6.30 eV), v2 → c6 (6.49 eV), v3 → c5 (6.45 eV), v5 → c2 
(6.45 eV), v6 → c2 (6.55 eV) at the Γ point,

  (ii) v2 → c5 (6.41 eV) at the C point,
(iii) v4 → c4 (6.35 eV) at the Z point,
(iv) v6 → c1 (6.45 eV) and v7 → c2 (6.60 eV) at the D point,
  (v)  v7 → c1 (6.42 eV) at the B point.

Just after the highest absorption, the shoulder observed in region 6.76–
7.32 eV is essentially due to the transitions v1 → c10, v2 → c8, and v2,3,4 → c7.

The major peak located at 6.65 eV, along z-axis, originates from the 
following transitions:
   (i)  v1 → c8 (6.79 eV) in the region (C–Z) and v1 → c8 (6.94 eV) at the Z 

point,
 (ii) v1 → c9 (6.86 eV) and v7 → c2 (6.67 eV) at the Γ point,
(iii) v3 → c5 (6.48 eV) at the C point,
(iv)  v1 → c7 (6.52 eV), v5 → c2 (6.36 eV), v5 → c1 (6.36 eV), v6 → c4 

(6.57 eV), v7 → c1 (6.54 eV) at the D point.
The shoulder at 6.05 eV arises from the transitions from the first four 

valence bands to the conduction bands.
For β-LiAlH4 the dielectric absorption starts above the threshold 

corresponding to the calculated direct band gap. The shoulder observed 
in region 5.13–5.75 eV, along x-axis, originates at its beginning from the 
direct transitions v1 → c1,2 with the energy transition (5.15 eV) in the 
region (P–M) in Brillouin zone.

The major contributions at the end of this shoulder are essentially the 
transitions:
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     (i) v1 → c2 (5.59 eV) at the X and P points,
  (ii) v2 → c1 (5.67 eV) at the Γ point,
(iii) v2 → c2 (5.61 eV) at the M point,
(iv) v3 → c2 (5.63 eV) in the region (X–P).

After this shoulder, ε2(ω) increases rapidly and the main peak reached 
at 6.78 eV stems from the following transitions:

   (i)  v1 → c5 (6.79 eV) near P, v2 → c4 (6.98 eV) and v3 → c3 (6.83 eV) at 
the Γ point,

 (ii) v2 → c3 (6.80 eV) and v5 → c1 (6.20 eV) at the P point,
(iii)  v3 → c4 (6.71 eV) at the X point.

The major peak along z-axis occurs at around 6.13 eV and originates 
from the transitions:

    (i) v3 → c2 (6.13 eV) in the region (Γ–X),
  (ii) v2 → c1(6.26 eV) at the Γ point,
(iii) v2 → c2 (5.96 eV) and v4 → c3 (6.98 eV) at the X point,
(iv) v2 → c3 (6.35 eV) and v3 → c3 (6.62 eV) at the P point.

From this analysis we can conclude that, for the ambient α-LiAlH4, the 
responsible transitions of the principal peaks occur from the valence bands 
situated in the region close to the Fermi level EF. The real parts ε1(ω) of 
the dielectric function are displayed in Figure 16.7 for α-, and β-LiAlH4 
on Cartesian axes.

Figure 16.7 shows that starting at the values ε1(0), the real part increases 
with increasing photon energy, reaches major peaks, and becomes zero. 
After passing through a minimum the dispersive part ε1(ω) reaches the 
zero again at about 12.4 and 14.4 eV for α-, and β-LiAlH4. N.B. here ε2(ω) 
plotted in Figure 16.6 is very small. The static dielectric constant ε1(0) from 
the zero frequency limit of ε1(ω) was calculated and is listed in Table 16.4 
for both phases.

We now consider the other frequency-dependent linear optical constants 
such as the refractive index n(ω), the reflectivity R(ω), the absorption coef-
ficient I(ω), and the energy-loss function L(ω) from the dielectric function 
using relations in Ref. 37. The refractive index which describes the behavior 
of an electromagnetic wave in a medium was calculated. The spectra are dis-
played in Figure 16.8 where we can observe that the refractive index gener-
ally follows the shape of the real part at which it is related by n (0) =

√

ε1(0).  
The calculated static refractive index n(0) and the energy corresponding to 
n = 1 are summarized in the same table together with ε1(0).
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Note from Table 16.4 that the β-LiAlH4 with its smaller band gap than 
α-LiAlH4 has the highest values of the static dielectric constant and static 
refractive index. To our knowledge no experimental or theoretical data 
are available for comparison. Also the calculated results show that the real 
part ε1(ω) and the refractive index n(ω) are anisotropic. This is slight for 
the components for α-LiAlH4. A pronounced anisotropy is observed for 
β-LiAlH4.

Another optical interesting constant that we consider in this study is the 
reflectivity. The results of this optical parameter are shown in Figure 16.9.

Analysis of calculated spectra shows that the reflectivity starts at very 
small values ∼6% for α-LiAlH4, grows at different rates along the x-, y-, 
and z-axes. The energy range 6.5–12.3 eV has characteristic peaks. A major 
one of about 68% at 11.71 eV is on the y-axis. For β-LiAlH4, starting at 
10% and 11% for x-, and z-axes, the reflectivity spectra show a larger region 
characterized by strong reflectivity. The maximum of about 70% is located 
at 13.4 eV. At higher energy the reflectivity decreases rapidly. Anisotropy is 
pronounced for the both phases.

(a)

(b)

Figure 16.8 Refractive index n(ω) for (a) α-LiAlH4 and (b) β-LiAlH4. For color version of 
this figure, the reader is referred to the online version of this chapter.
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Figure 16.10 shows the absorption coefficient for α-, and β-LiAlH4. 
The absorption coefficient I(ω) is larger (104 cm−1) and increases rapidly. 
For α-LiAlH4 the strong peak is observed at 7.19 eV along y-axis. The 
absorption spectra indicate maximums in the energy range 7.19–8.80 eV.

For β-LiAlH4, Izz is highest and occurs at 6.73 eV with the major peak 
along x-axis at 7.22 eV. Since the band structures of β-LiAlH4 have more dis-
persion than for α-LiAlH4, absorption of β-LiAlH4 has a wide energy range.

The energy-loss function L(ω) is an important factor describing the 
energy loss of the fast electrons crossing in the material. The energy-loss 
function can be evaluated from the dielectric function. It can be described 
by the expression

(a)

(b)

Figure 16.9 Reflectivity R(ω) for (a) α-LiAlH4 and (b) β-LiAlH4. For color version of this 
figure, the reader is referred to the online version of this chapter.

Table 16.4 Calculated static dielectric constant and static refractive index with the 
energy corresponding to n = 1, for α- and β-LiAlH4 along x-, y-, and z-directions

Structure ε1(0) n(0) EeV (n = 1)

xx yy zz xx yy zz xx yy zz

α-LiAlH4 2.8179 2.9384 2.9278 1.6785 1.7141 1.7111 8.5035 8.3214 8.2042
β-LiAlH4 3.9055 3.9055 4.1606 1.9762 1.9762 8.4219 2.0397 2.0397 8.1770
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which can be also written as:

Our obtained results are plotted in Figure 16.11.
As shown in Figure 16.11 the energy-loss spectra show significant val-

ues in the energy region situated between 11.7 and 13.7 eV for α-LiAlH4. 
The intense peak is observed at energy 12.96 eV along the all Cartesian 
axes. Concerning β-LiAlH4, its energy range 13.5–15 eV is character-
ized by much energy loss. The major peaks are located at around energy 
14.4 eV. The peak along the z-axis is the highest. Note that for both α-,  
and β-LiAlH4 the major peak occurs when ε2(ω) is very small and ε1(ω) 
reaches the zero again. The mean peak in the energy-loss function is the 
plasma frequency ωp. Therefore the ħωp plasmon energy from its peak 
position is 12.96 and 14.4 eV for α-, and β-LiAlH4.

(3)L(ω) = Im

(

−
1

ε(ω)

)

(4)L(ω) =
ε2(ω)

ε1(ω)
2
+ ε2(ω)

2

 

 

(a)

(b)

Figure 16.10 Absorption coefficient I(ω) for (a) α-LiAlH4 and (b) β-LiAlH4. For color 
version of this figure, the reader is referred to the online version of this chapter.
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4. CONCLUSION

The present calculations use the full-potential linearized augmented 
plane wave plus local orbitals (FP-LAPW + lo) method with the general-
ized gradient approximation (GGA).

The structural properties are calculated for various phases for LiAlH4. 
The energy minimization indicates that α is stablest. Comparison of the 
equilibrium volume of these structures shows that β has the lower equilib-
rium volume.

The band structures, total and partial density of states are investigated 
at equilibrium for α-, and β-LiAlH4. Our calculations show that the results 
for α-LiAlH4 agree well with the previous theoretical data. They also show 

(a)

(b)

Figure 16.11 Energy-loss function for (a) α-LiAlH4 and (b) β-LiAlH4. For color version of 
this figure, the reader is referred to the online version of this chapter.
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that β-LiAlH4 has a direct band gap of 4.11 eV and its DOS is similar to 
that at the transition pressure P = 2.6 GPa.

The dielectric functions are calculated and presented in this paper. The 
optical absorption increases rapidly and the intense peak is at 6.51 eV along 
y-axis and at 6.13 eV along z-axis for α-, and β-LiAlH4, respectively. The 
absorption for β-LiAlH4 covers a larger energy range. Based on the band 
structures we have ascribed the peaks in the imaginary part and found that 
transitions occurred between the highest valence bands and the lowest 
conduction bands are responsible for most of the optical absorption. Higher 
photon energy involves bands near the Fermi level.

The frequency-dependent linear optical constants such as the refractive 
index n(ω), reflectivity R(ω), absorption coefficient I(ω), and energy-loss 
function L(ω) are calculated and discussed in this paper for the both phases.
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