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Abstract:  
 

An ab initio electronic structure study of the potential light-weight hydrogen storage 

materials LiAlH4 in their β-phase, is presented. Electronic band structures and total and 

partial densities of states are calculated by using the WIEN2k simulation code. We 

estimate an energy bandgap of ca. 4.11 eV for the β -LiAlH4 tetragonal (I41/a space 

group) semiconductor. In the latter, the valence band is formed by two distinct energy 

bands originating from hydrogen orbitals hybridization with metal atomic orbitals. It is 

found that these quantities  are similar but distinguishable in the β-LiAlH4 compound. 

The β -LiAlH4. Results are discussed with available published data. 

 

1. Introduction 
 

Hydrogen storage in metallic hydrides is the 

subject of intensive research, fundamental and 

applied, with the aim of discovering suitable 

compounds which will fit in the envisioned 

sustainable economy utilizing hydrogen, a 

clean and procurable combustible, as an 

energy vector [1­9]. Among complex 

hydrides, AMH4 compounds form an 

extensive family, where A stands for an alkali 

metal (A=Li, Na, K from the first column of 

the periodic table) and M stands for a third 

column element (M=B, Al, Ga). Lithium-

Aluminium hydrides, also known as alanates, 

which are serious hydrogen storage candidates 

owing to their fair weight and high H tenor, 

form several compounds depending on 

ambient preparation conditions [10]. These 

have acquired a growing importance as anode 

materials in solid-state lithium ion batteries 

due to the particular conductivity of Li+ ions 

[11]. The actual phase formed depends on 

temperature and, more practically, on applied 

pressure. Vajeeston et al [12] identify three 

phases for our first studied LiAlH4 compound: 

a monoclinic α-phase below 2.6 GPa, 

followed by a tetragonal β-phase up to 

33.8 GPa when an orthorhombic γ-phase sets 

in. The middle has a I41/a symmetry. The 

crystallographic cell contains two formula 

units. The crystal structure can also be 

described in terms of AlH4 tetrahedra, 

allowing the Al atom to see an irregular 

octahedral surrounding. The building block of 

all these phases is a negatively charged 

tetrahedron of four H atoms surrounding an Al 

atom (in its center), [AlH4]-, bonded to a 

positively charged Li+ ion [12]. These authors 

report that these phases have not been entirely 

unraveled and several models have been 

suggested to explain accessible experimental 

diffraction data. In this work, we investigate 

by ab initio calculations the structure of the 

less-studied high pressure β -phase for 

compounds LiAlH4, in order to gain new 

insight into these systems. In the following, 

first principles computations of band 

structures, partial and total densities of states, 

are reported and discussed in the light of 

available published literature [12-14].  

2. Computational methods 

The calculated results in this paper were 

obtained using the full potential linearized 
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augmented plane wave plus local orbitals (FP-

LAPW+lo) [15-18] method within the 

framework of density functional theory (DFT) 

[17, 18] as implemented in the WIEN2k code 

[19, 20]. This method uses the muffin-tin 

geometry separating space into distinct 

spheres and an interstitial region. For the 

exchange correlation potential, we used the 

generalized gradient approximation as defined 

by Perdew et al. [21-24]. We used the scalar 

relativistic approach.In the calculation, the H 

(1s1), Li (1s22s1) and Al (2p63s23p1) states are 

treated as valence electrons. The muffin-tin 

radii RMT, which are chosen such that the MT 

spheres do not overlap, are taken to be 0.8 

Bohr for H, 1.7 Bohr for Al and 1.5 Bohr for 

Li in the β-LiAlH4 phase (Fig. 1) [12].The 

basis functions were expanded up to RMT × 

Kmax = 5, where RMT is the smallest of all MT 

sphere radii 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 1000 for the 

orthorhombic β-LiAlH4 structure. The self-

consistent calculations are considered to be 

converged when the total energy becomes 

stable within 0.1 mRyd. 

    

Figure 1. β-LiAlH4 phase structure (I41/a space group). 

 

3. Results and discussion 

3.1 Structural properties 

The total energy vs. volume curves E (V) were 

fitted to the Murnaghan equation of state 

(EOS) [25], for both calculated β-LiAlH4. 

Table 1 displays optimized structural 

parameters for β-LiAlH4 structures along with 

other data from the literature. Lattice 

parameters and internal atomic positions 

identified at the equilibrium position are 

listed, together with available experimental 

data and previous theoretical works for 

comparison purposes [12].  

Table 1. Optimized structural parameters for β-LiAlH4 

(I41/a) from our calculations and other works 

Structure Lattice 

constants 

(in Å) 

Atom coordinates 

β-LiAlH4 

tetragonal 

(I41/a) 

a = 4.5659 x 

(4.6611) y 

c = 10.3071x 

(10.5219) y 

 

Li: 0.0000; 0.25; 

0.625 x (0.0000; 

0.25; 0.625) y 

Al: 0.0000; 0.25; 

0.125 x (0.0000; 

0.25; 0.125) y 

H: 0.2479; 0.5781; 

0.5408 x (0.2527; 

0.4237; 0.5413) y 

 

x: This work.. 
y: Our previously calculated value at equilibrium 

from Ref. [12].  

Table 2. Equilibrium volume V0 (Bohr3/f.u), bulk 

modulus B0 (GPa) and its corresponding pressure 

derivative B0’ for β-LiAlH4 (I41/a) with other calculations. 

Structure V0 ; B0 (GPa) ; B0’ 

This work Other work 

β-LiAlH4 (I41/a) 53.72 ; 25.07 ; 

4.89 

none ; 25.64  ; 

4.35  y 

<y: Calculated value from Ref. [12]. 

Optimized lattice parameters show a slight 

increase of 0.2 % when compared to the 

previous theoretical work of Vajeeston et al 

[12-15]. To our knowledge, no experimental 

values exist in the literature.  In Table 2, the 

calculated equilibrium volume V0 for one 

formula unit, the bulk modulus B0, and the 

pressure derivative B0’ are displayed for β-

LiAlH4 (I41/a) structure. We can observe that 

our calculated B0 and B0’ values agree well 

with those reported elsewhere [12].Quantum 

numbers are illustrated in Table3, [12] 

following: This method uses muffin-tin 

geometry separating space into distinct 

spheres and an interstitial region. For the 

exchange correlation potential, we used the 

generalized gradient approximation as defined 

by Perdew et al. [7-10]. In the following, we 

are going to use these equilibrium values to 
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investigate electronic of β-LiAlH4 (I41/a) 

structure. 

3.2 Electronic properties 

3.2.1 Band structures 

a. β-LiAlH4 (I41/a) 

The calculated band structures in Fig. 2 

exhibit a finite energy gap between the 

valence and conduction bands for the 

tetragonal phase β-LiAlH4. the valence band 

maximum and the conduction band minimum 

are located at the Γ point which causes a direct 

band gap of about 4.11 eV implying a 

semiconducting behavior at high temperature. 

The band gap of this compound was found in 

previous work [14] to be larger than 4eV at 

low pressure. However, at high pressure, the 

band structure changes and the band gap 

decreases. The valence band is represented by 

a single band located between -7.8 eV and EF. 

The latter occurs at around 0.025 eV. Using a 

grid of 111 points in the 1/48 of the Brillouin 

zone, according to eight lines of high 

symmetry including the points: Γ_Δ_H_N_ Σ_ 

Γ _ Λ_PThe theoretical structural parameters 

were used to perform the calculations. 

Figure 2 corresponds to the band structure of 

the compound β-LiAlH4 tetragonal (I41/a) and 

using the GGA approximation: 

 

Figure 2.  Band structures of  β-LiAlH4 

 

First of all, we will bring out from the band 

diagram the observations that seem useful and 

beneficial for the discussion, then compare 

them with other theoretical and experimental 

results in order to finally be able to give a 

logical interpretation [17]. 

1) Common findings: 

 i) The band diagram shows that the 

compound β-LiAlH4, possess an direct 

fundamental gap [Γ- Γ], the maximum of the 

valence band is located at the point Γ while 

the minimum of the conduction band is 

located at the point Γ. 

ii) The first (i.e., lowest) valence band derives 

mainly from the ns2 state, (n= 1 and 3 for H 

and Al, respectively). This band has a 

maximum dispersion between the point Γ. 

iii) The upper band, which is represented by 

two degenerate states, originates from the np 

band, its dispersion is maximum between the 

points H and Γ. 

iv) The first conduction band comes from the 

3s state of the sodium atom. The values of the 

energies were taken at the points of high 

symmetry relative to the Fermi energy EF.The 

width of the valence band is maximum for the 

compound β-LiAlH4. This means that the first 

(lowest) valence band, which is mainly 

derived from the ns band of the anion, is 

shifted in energy much more. This 

corresponds perfectly with the order of the 

bands 1s2 for H and 3s2 for Al. Si de refers to 

the ionicity of the compound [12-18]. 

Table 3; The calculated energy gap Eg (eV) of β-LiAlH4  

tetragonal structure at the equilibrim volume, with other 

calculations 

                                                                 

Eg(eV) 

Structure                                         this work                                            

other calculations 

β-LiAlH4                                                4.11                                                               

4.25y                                      

 

y: Calculated value from Ref. [12]. 

It is interesting to compare our calculated 

band gaps with other results. In Table 3 we 

have compared our work and other results. 

The GGA calculations on β-LiAlH4, by 

Vajeeston et al.[12]. 

3.2.2 Total and partial densities of states 

a. β-LiAlH4 (I41/a) 
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The distribution of charge density associated 

with the valence band is an important aspect 

of electronic structure since it indicates the 

nature of crystal bonds. It is in this context 

that we studied the distribution of the charge 

density of the compound β-LiAlH4 tetragon 

(I41/a). We performed the representation of 

the contour using a self-consistent calculation 

based on the GGA [12]..The observations that 

can be made are: 

i)The distribution of the charge density is 

essentially around anion [AlH4]-. 

ii) Between the atoms (Li and [AlH4]), there 

is a fraction of this charge. It seems that it is 

pronounced in the compound β-LiAlH4. 

iii) The distribution of the charge density 

around the anion is more spread out around 

the [AlH4]. One of the peculiarities of these 

compounds lies in the Li+ atom which is very 

small in front of the [AlH4]- anion, so it is 

obvious that most of the charge is around the 

anions. It is also accepted that this compound 

is a partially ionic insulator[25] and therefore 

the charge density between the atoms will not 

be important in any way, which is perfectly 

consistent with our results. 

iv)   Especially since the Li atom does not 

have p-type electrons that are generally 

responsible for establishing covalent bonds. 

This is probably due to the difference between 

the electronegativities of these anions.  And 

the reason why the cohesion energy and 

compressibility modulus doubled.The total 

densities and partial densities of states are 

illustrated as Fig.3-4-5-6 a (total for 

compound), b (partial for s and p orbitals in 

Li), c (partial for s, p, and d orbitals in Al), 

and d (partial for s orbital in H). Based on 

Fig.3-4-5-6. The lowest valence band in each 

structure has a maximum dispersion in the 

vicinity of the point . It is located at an energy 

equal to (-6.5 eV,-3.6 eV) for β-LiAlH4. This 

band corresponds to the 

(a) 

 

(b) 

 

 

(c)
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(d) 

 

Figures 3-4-5-6. Total (a)  and partial densities of states 

for Li (b), Al (c) and H (d) atoms in β-LiAlH4. 

first peak that appears in the total density of 

states. It is essentially. formed by the 1s and 

3s states of the H and Al atoms respectively 

[12-24]..The rest of the valence bands 

corresponding to the structure extended 

between (-2.7eV and 0.15497 eV) for β-

LiAlH4 is usually due to the 3p states of the Al 

atom and the 1s state of the H atom, with a 

small contribution of the 3s state of the Li 

atom.Continuing in increasing energy, we see 

that the compound is insulating by direct gap 

[Γ- Γ] equal to (4.11 eV) for β-LiAlH4.Above 

the fermi level (EF = - 0.0286456616 eV) the 

structure corresponding to the conduction 

band corresponding to the extended structure 

between (4.11373 eV, 14.98529 eV) is a 

mixture of the s and p states of the atoms 

constituting the compounds studied. The 

results on the covalent interaction is strong 

operating between the H ion and the AL ion 

forming in the [AlH4]- tetrahedron ion. Also 

the charge transfer occurs mainly between the 

Li ion (cation) and the [AlH4]- ion 

(tetrahedron) by the ionic interaction [24]. 

4. Conclusion 

The present calculations use the full-potential 

linearized augmented plane wave plus local 

orbitals (FP-LAPW+lo) method with the 

generalized gradient approximation (GGA). 

The structural properties were calculated at the 

equilibrium volume values and utilized to 

compute electronic properties. The band 

structure for the tetragon phase β-LiAlH4 

displays a direct band gap [Γ- Γ] of about 

4.11 eV. The total and partial density was also 

calculated by explanation on : total for β-

LiAlH4, and partial for s and p orbitals in Li, 

and partial for s, p, and d orbitals in Al, and 

partial for s orbital in H.Our calculations show 

that the results for β-LiAlH4 agree well with 

previous theoretical and experimental data.  

 

Table 3: Showing the distribution of electrons on shells using quantum numbers: 

Layer Principal 

Quantum 

Number: 

N 

Undercoat Secondary 

quantum 

number: 

L 

Magnetic 

quantum 

number: 

M 

Spin 

With 

Z 

Number 

Quantum 

States 

Number 

stations 

by states 

Electron 

number 

Per 

shell 

K 1 S 0 (0) +1/2, 

-1/2 

1 2 2 

L 2 S 

P 

0 

1 

(0) 

(-1,0,1) 

+1/2 

-1/2 

1 

3 

2 

6 

8 

M 3 S 

P 

d 

0 

1 

2 

(0) 

(-1,0,+1) 

(-2,,-1,0, 

+1,+2) 

+1/2 

-1/2 

1 

3 

5 

2 

6 

10 

18 
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