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Abstract. Research into new materials to be used as hydrogen reservoirs is necessary, the increasing demand 

of energy in the world should be covered progressively by clean energies, trying not to pollute the environment. 

With this work we wish to contribute to the knowledge of the different saline hydrides and the possibility 

of using these as hydrogen reservoirs. We performed a systematic study on these materials. In this work we 

used different ab-initio codes to study several compounds of lithium and beryllium with hydrogen. 

1 Introduction 

Fossil fuel are the energy sources currently in use, and 
they have produced a deep and negative impact on the 
environment, causing irreversible drawbacks, contributing 
to the greenhouse effect. The big problem to solve is to 
find new energy sources that replace efficiently the current 
ones without producing such effects. Generally speaking 
researchers are looking for one energy generation system 
whose impact on nature will be as low as possible. One 
of the biggest candidates for this task is hydrogen (H), 
which is the most abundant element in the universe, and 
the lightest in the periodic table. Unfortunately it is very 
difficult to find it as a free molecule or solid. But it has 
been shown [1] that by adding some metals, like lithium 
or beryllium it is possible to have metallic compounds 
containing H. It is possible to define energy vectors [2] as 
the tools that allow transfer, in space and time, a quantity 
of energy. In that sense the hydrogen is an energy vector 
that can be stored, transported and used in many ways. 

The critical problem showed for the increasing necessity 
of, clean and efficient energy, has motivated the research 
community to move toward issues that have not been 
developed in the past and they have started to appear in 
the literature. As hydrogen does not generate the waste 
produced by fossil fuels, it has been proposed as the fuel of 
the future, since it is an energy carrier that meets the 
conditions [1]. 

One of the challenges in the frame of this problem is 
to develop appropriate technology to collect this primary 
energy, store it and transport it. The thermal and electro-
chemical characteristics of the combustion of H are very 
favorable. This is one of the challenges of materials sci- 

a e-mail: eitelpyb@ing.unlp.edu.arence today. 

The developing of safe and reliable hydrogen storage 

technology, that improve performance, is critical to the 

use of hydrogen as a source of energy for different 

applications, as was mentioned in the work of Züttel 

[3,4], such as: vehicular applications, stationary power 

generation, etc. The problem is posed, what we are 

trying to do is to contribute to solving the problem of 

storing hydrogen, approaching the problem from the 

standpoint of which are the most suitable materials for 

this task? 

Some metals interact with H in a way that forms stable 
solid metal hydrides. These compounds have several ad-
vantages, one of the top is, that metal hydrides can store 
a density of H larger than what can be stored as a gas, oc-
cupying a smallest volume and with pressures much lower 
than those required by compressed gas, giving a higher 
safety factor [5,6]. 

The absorption of hydrogen in materials is a very im-
portant process, giving rise to very different phenomena, 
such as: a premature failure under stress, which is directly 
related to the hydrogen embrittlement. This process is be-
lieved to be different depending on whether or not sta-
ble hydrides can be formed.The metal hydrides show a 
great advantage and appear to be a great alternative to 
build hydrogen storage systems, because they have a good 
reversibility and a high reactivity. 

In this work we have obtained, theoretically, elec-
tronic properties, total energies, equilibrium volume, 
density of states, formation energies, etc. of different 
lithium/beryllium hydride crystal structures. We have 
studied a restricted number of Li/Be-H compounds, un-
fortunately only two have been synthesized, in that sense, 
we are predicting structural parameters, energies of for-
mation and stability of the non- synthesized hypothetical 
structures. 
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In our research we have used two different ab-initio 
codes based on the density functional theory [7,8], the Full 
Potential Linear Augmented Plane Waves (FPLAW) [9] 
and more extensively, the Full Potential Local Orbitals 
(FPLO) [10–12] to realize the theoretical calculations. The 
reason for this procedure is to obtain the convergence of 
both methods especially in some of the structures that 
have not been synthesized yet. Both methods are based on 
different philosophies and the convergence of them in simi-
lar results would show concordance in the values obtained. 

We have performed a series of calculations of the two 
different metal hydrides. The compounds studied were 
MpHq where M = metal (Li or Be), with p = 1 to 5 
and q = 1 to 7, only in the case of the Li compounds, in 
the case of the Be-compounds p = 1 and q = 1, 2 and 4. 
In some cases fixed the values of p and q, and we studied 
the different crystal phases of these compounds. 

2 Theoretical ab-initio formalism 

We have used two different ab-initio codes. One is the 
full-potential non-orthogonal local-orbital minimum ba-
sis scheme FPLO, version: FPLO9.00-34. The non-spin-
polarized scalar relativistic DFT total energy and Kohn-
Sham band-structure calculations were performed within 
this scheme. The code is based on a linear combination of 
overlapping non-orthogonal orbitals with a compact sup-
port. The molecular mode of FPLO with free boundary 
conditions was used. The results reported were obtained 
using the generalized gradient approximation (GGA) with 
a parametrized exchange correlation functional according 
to Perdew, Burke, and Ernzerhof (PBE) [13]. The cal-
culations were carefully converged in numbers of k-points, 
regular k-point meshes were used in the full Brillouin Zone 
giving never less than 165 in the Irreducible Brillouin Zone 
(IBZ). The densities were converged down to 10−6 for 
the corresponding parameter in FPLO [rms(ρout - ρin)/uc]. 

On the other hand we used, in some cases, the Linear 
Augmented Plane Wave which is one of the state of the 
art ab-initio methods within Density Functional The-
ory. For solving the scalarrelativistic Kohn-Sham equa-
tions we have employed the codes implemented in the 
WIEN2k package [9].In this method the wave functions 
are expanded in spherical harmonics inside nonoverlap-
ping atomic spheres of radii RMT (muffin tin radius) 
and in plane waves in the remaining space of the unit 
cell (the interstitial region). In our calculations we have 
taken: RMT = 1.55 a.u. for the Be and RMT = 0.83 a.u. 
for the H in the Be-H compounds, while the RMT for Li 
and H in the LiH compounds are 1.74 a.u. and 0.94 a.u., re-
spectively. The maximum l for the expansion of the wave 
function in spherical harmonics inside the spheres was 
taken to be lmax = 10. The plane wave expansion of 
the wave function in the interstitial region was truncated 
at K

max = 7.0/min(RMT), and the charge density was 
Fourier expanded up to Gmax = 14 Ry.The amount of 
k-point used depend strongly on the structures studied, we 
have used meshes of 2000 special k-points approximately 
in the whole Brillouin zone, this value is an average of 
thepoints used in our calculations. The exchange-
correlation functional used was the Perdew-Burke-

Ernzerhof generalized gradient approximation (PBE-GGA) 
[13].All the calculations were completely converged to 
ensure us the best quality of results. 

Band structure calculations are a very common tool 
used to understand some aspects of the electronic struc-
ture of materials. Up to now solid state ab-initio re-
searchers have solved the Schródinger like equations of 
Hohemberg-Kohn and Sham in the frame of the density 
functional theory (DFT), using different exchange-
correlation energies. In general the accuracy of the results 
is extremely good, the values of the properties studied dif-
fer from the experimental results by very small amounts. 
This assertion can be seen very easily in the literature. 
But the exception of this rule is the size of the band gap 
of insulators and semiconductors. The DFT is a theory of 
the ground state and is it well known that it always under-
estimate the value of the band gap. Obtaining the correct 
band widths has been a wish of researchers for many years. 
Some time ago, Becke and Johnson [14] based in the Op-
timize Effective Potential (OEP) method propose a new 
exchange potential (mBJ) which improve substantially the 
values of the band gap obtained with other exchange func-
tionals. This potential has been implemented [15] in the 
Wien2K code [9]. We have used it to obtain the values of 
the band gap for the compounds, LiH and BeH2, the only 
two that have been studied experimentally. 

3 Results 

Due to the interest that these materials have awakened, we 
have begun to study their structural properties from the 
theoretical point of view using first-principles calculations. 

Several authors have done calculations of the proper-
ties of these compounds [16,17] in the last decade some of 
them have made first principles calculations [18–22], etc. 
To obtain many different properties with a high degree of 
precision. 

The self-consistent calculations have allowed us to obtain 
the density of states (DOS) of each of the compounds and 
identify whether they are metal, semiconductor or in-
sulator.This information plus crystalline information can 
be seen in Table 1.It is possible to observe that, in general 
the Li/Be-H compounds have similar behavior, except in 
the case of compounds with only one H (MH-221/225). 
The two series differ here, the LiH compounds are insulator 
or semiconductor, while BeH compounds are metallic, in 
both cases the 2nd electron in the 2s orbital of the Be 
makes its presence felt. When the compounds have more 
H atoms in the molecule, the participation of this 2nd 
electron is less noticeable. 

We have researched several structures, the two ob-
tained experimentally were the LiH which belongs to the 
cubic structure NaCl with symmetry group number 225 
(Fm-3m), with one formula unit (fu) per unit cell [23], 
and the other, is the BeH2 orthorhombic, group number 
72 (Ibam), with twelve formula units per unit cell, syn-
thesized for the first time in 1988 [24]. The remaining 
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Table 1. Compounds, formula, phases, groups, number of molecules per unit cell, and type of compound: M = metal, S = 

semiconductor, I = Insulator. 

M e t a  

(M) 
Formula Phase 

Space group Formula unit 
per unit cell 

Type of 
material Number Name 

Li MH1 Cubic 221 Pm-3m 1 S 
Be    Pm-3m 1 M 

Li   225 Fm-3m 4 I 
Be    Fm-3m 4 M 

Li  Tetragonal 129 P4/nmm 2 I 
Li or Be MH2 Hexagonal 191 P6/mmm 1 M 
Li or Be  Hexagonal 194 P63/mmc 4 M 

L  Cubic 224 Pn-3m 2 M 
Li   227 Fd-3m 4 S 

Be  Orthorhombic 72 Ibam 12 I 
Li MH4 Cubic 197 I23 4 M 

Li or Be   215 P-43m 1 M 
Li or Be   221 Pm-3m  M 

Li MH6     M 
 MH7     S 

 M2H  224 Pn-3m 2 M 
 M2H3  221 Pm-3m 1 M 
 M2H6     M 
 M3H2     M 
 M4H     M 
 M5H3     M  

structures studied were grouped according the numbers 
m and n of metal (M) and H atoms in the formula unit, 
respectively. All of them are shown in Table 1.To the 
present, we have no knowledge of previous research that 
have followed the methodology proposed here. 

The first step in our calculations was to determine 
the structural properties of each compound, minimizing 
the total energy and obtaining the structural parameters 
of equilibrium, these values were compared with experi-
mental data, only in the cases of LiH-225 and BeH2-72. 
The equilibrium volume was determined by means of fit-
ting the values of the energy versus volume curves by 
the Murnaghan equation [25] in the range of +/—10% 
around the experimental equilibrium volume, when the 
minimum is known, if not, we used lattice parameters of 
similar known structures, to start. It is well known that 
the PBE exchange-correlation potential overestimates the 
calculated volume parameters, nevertheless, the theoret-
ical values obtained compare very well with the existing 
experimental values, moreover, the values obtained from 
the two methods used are almost the same. The values of 
the equilibrium volume can be seen in Table 2. 

We observe, in Table 2, the excellent agreement of both 
methods with the experimental values of LiH-225 where 
the difference in volume between experimental and the-
oretical values is —4%, while in the case of BeH2-72 the 
error in the average is +7%. The agreement is very good. 

As a part of our calculations, we have obtained the 
pressure of the transition between two different crystal 
structures for LiH, CsCl (221) and NaCl (225).The val-
ues found for the equilibrium volume are in Table 2. 
Fromthese values can be observed that the equilibrium 
volume of LiHNaCl is 4 times bigger than the volume of 

LiHCsCl. According to our calculations, the pressure of the 
transition is: 330.5 GPa which is very similar to the 329 GPa 
obtained theoretically [26]. In the theoretical work of 
Ahuja et al. [19] they also obtain the pressure of the 
transition using the FPLMTO method, in this case the 
value of the transition pressure is 400 GPa, in the case of 
the paper of Hama et al. [27], using the APW method 
in the frame of the LDA approximation, the pressure 
obtained was 230 GPa. Wang et al. [28] using the LAPW-
PBE, found that the pressure of the transition is 313 GPa. 
Nowadays the discussion about the value of the pressure 
is open, as is the discussion about whether the 
metalization of LiH in the CsCl phase occurs, 
according to our calculations it is not metallic. 
According to our knowledge there are no experimental 
results on this subject in the literature, the theoretical 
results obtained in reference [29] confirm our results, 
giving a pressure of transition very similar to that obtained 
by us. In our calculation we find that the volumes of 
transition are 100.5 a.u.3 and 358.4 a.u.3 for CsCl and 
NaCl structures, respectively. 

Using the advantages provided for the implementation 
of the mBJ functional in the LAPW code, we have inves-
tigated the value of the bandwidth of the LiH-225 (NaCl 
structure) which has been measured experimentally [29] 
showing that this compound is an insulator with a gap of 
4.99 eV. Also Kondo and Asaumi [30] measured the energy 
gap at room temperature, giving a value of Eg = 4.94 eV. 
Many authors with different methods have obtained val-
ues of the energy gap, using GW-GGA [34] a value of 
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Table 2. Equilibrium volumes a - [23], a1 - [27], a2 - [31], a3 - [26], a4 - [22], b - [24], b1 - [20], b2 - [32], b3 - [33]. 

Hydrides Phase Space 

group 

Equilibrium volume (a.u.3) 
V (a.u.3) LAPW FPLO Exp. 

Calc. Calc.  
LiH Cubic 221  106.8   

  225 433.9 434.9 459.5a  
  225    431.9a1 

      403.6a2 

      400.3a3 

      444.2a3 

      431.1a4 

 Tetrag. 129  250.4   
LiH2 Hexag. 191  123.5   

  194  492.6   
 Cubic 221  349.4   
  227  449.9   

LiH3 Cubic 197  300.2   
  215  141.1   
  221  141.2   

LiH4 Cubic 197  1459.3   
  215  249.4   
  221  233.1   

LiH6 Cubic 221     
LiH7  221  344.4   
Li2H  224  550.1   
Li2H3  221  270.2   
Li2H6    576.0   
Li3H2    378.1   
Li4H    502.4   
Li5H3    651.6   
BeH Cubic 221  84.1   

  225  315.1   
BeH2 Orthor. 72 2079.5 2122.1 1965.1b  

      1 944.7b1 

      1926.2b2 

      1934.1b3 

 Hexag. 191  290.1   
  194  1266.8   

BeH Cubic 215  212.1   
  221  185.1    

4.92 eV was obtained, while Kunz and Mickish [35] with a 
self-consistent Hartree-Fock calculation obtained a value 
of 6.61 eV, little larger than the experimental one. In ref-
erences [22,27], the authors made theoretical determina-
tions of the band gap of the LiH (NaCl-structure), the 
values quoted are 2.93 eV and 4.93 eV, respectively. The 
calculations of Singh [36] were done at the experimental 
volume obtaining a direct gap of 5.08 eV at point X in re-
ciprocal space. Our calculation of the band structure was 
performed after the minimization of the energy volume 
curves, in the theoretical equilibrium volume, the band-
width is 5.09 eV and the transition is direct at point X in 
reciprocal space, agreeing very well with the experimental 
value. 

The present work included the Be-H compounds, we 
obtained the value of the bandgap Eg for the BeH2-72, 
taking into account the improvement that uses the 
mBJapproximation, following the self consistent 
calculation done to obtain the structural properties. In the 

experimental work of Ahart et al. [37] the value of the 
band gap of the α phase of crystalline BeH2 (orthorhombic), 
was determined to be Eg = 5.4 eV. On the other hand, 
several authors have calculated the values of the bandgap 
[26,32,33], where the values obtained were: 5.78 eV, 8.27 
eV, 5.51 eV and 5.52 eV, respectively, the first two 
values belong to the same authors with different methods. 
These amounts show that this compound is an insulator 
with approximately 6 eV of forbidden bandwidth. 
According to our calculations the value of Eg is 5.58 eV, 
very close to the experimental value and others theoretical 
calculations. 

In one part of our work involving the study of the 
structural properties, it is very common that other au-
thors have investigated these properties and this allows 
us to compare them with the values obtained from our 
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Table 3. Values of ΔE for different Li/Be-H compound, 6th and 8th column correspond to Li or Be populations. 

Compound p 
 q(p+q 

Δ E  

(eV/at.) 
Pop. 
2s 

Pop. 
H-1s 

Pop. 
2p 

LiH-221 1 1 0.50 −0.169 0.125 1.658 0.198 
LiH-225 1 1 0.50 −0.416 0.158 1.570 0.252 
LiH-129 1 1 0.50 −0.266 0.128 1.640 0.211 

LiH2-191 1 2 0.67 +0.220 0.101 1.352 0.168 
LiH2-194 1 2 0.67 +0.509 0.103 1.436 0.203 
LiH2-221 1 2 0.67 +0.486 0.213 1.210 0.319 
LiH2-224 1 2 0.67 +0.757 0.031 1.355 0.243 
LiH2-227 1 2 0.67 +0.644 0.081 1.316 0.308 
LiH3-197 1 3 0.75 +0.594 0.053 1.250 0.156 
LiH3-215 1 3 0.75 +0.595 0.101 1.217 0.204 
LiH3-221 1 3 0.75 +0.597 0.101 1.217 0.204 
LiH4-197 1 4 0.80 +0.590 0.088 1.279 0.168 
LiH4-215 1 4 0.80 +1.355 0.058 1.150 0.278 
LiH4-221 1 4 0.80 +1.214 0.030 1.258 0.229 
LiH6-221 1 6 0.857 +0.340 0.090 1.124 0.074 
LiH7-221 1 7 0.875 +0.340 0.097 1.095 0.061 
Li2H-224 2 1 0.33 +0.019 0.361 1.365 0.423 
Li2H3-221 2 3 0.60 +0.144 0.063 1.443 0.294 
Li2H6-221 2 6 0.75 +0.609 0.083 1.258 0.314 
Li3H2-221 3 2 0.40 +0.118 0.307 1.527 0.308 
Li4H-221 4 1 0.20 −0.048 0.435 1.406 0.387 
Li5H3-221 5 3 0.375 +0.154 0.189 1.467 0.252 
BeH-221 1 1 0.50 +0.996 0.683 1.401 0.778 
BeH-225 1 1 0.50 +0.706 0.617 1.323 0.912 
BeH2-72 1 2 0.67 −0.011 0.383 1.382 0.855 

BeH2-191 1 2 0.67 +0.878 0.553 1.259 0.743 
BeH2-194 1 2 0.67 +1.073 0.596 1.333 0.662 
BeH4-215 1 4 0.80 +1.037 0.058 1.158 0.276 

BeH4-221 1 4 0.80 +0.869 0.272 1.392 0.568  

calculations. The bulk modulus is an important physical 
property and is obtained as a second derivative of the total 
energy around the energy minimum. When we are com-
paring the bulk modulus, in fact, we are comparing the 
quality of the values obtained. The value calculated for 
the bulk modulus (B0) of LiH-225 (NaCl-structure) was 
36.29 GPa very close to 35.7 GPa [38] or 33.9 GPa [39] ob-
tained experimentally. Several authors have published the 
theoretical values of the bulk modulus (B0), 36.6 GPa [23], 
25.5 GPa [40], 33.9 or 36.1 both [34] calculated with GGA 
but, the first value included the zero point vibrations, 
while the second value did not. This author, also calcu-
lated the Cerperly-Alder parametrization of the LDA ex-
changecorrelation potential and the values were 35.9 GPa 
and 40 GPa, respectively. 

In the case of the BeH2, we have no knowledge of ex-
perimental measures of the bulk modulus, in the present 
work we have obtained the value 25.2 GPa, similar to the 
24.7 GPa, predicted with the CASTEP package in the 
work of Hantsch et al. [20]. For these authors, the deriva-
tive of B0 with respect to the pressure (B') is 3.9, while 
our value is 3.18. The values obtained in reference [32] 

were 23.79 GPa for B and 4.24 for B'.The calculations 
performed in reference [41] present little difference to the 
rest of the values shown before, B = 21.4 GPa. In the 
caseof the calculation done by Wang et al. [33] the value 
for the bulk modulus was 24.19 GPa, the last two 

authors do not report values for the pressure derivative of 
the bulk modulus. 

The problem of comparing the energies of the com-
pounds studied here is the amount of the hydrogen atoms 
existing in the molecule. The comparison is possible when 
we treat compounds with the same number of atoms of 
M and H, otherwise it is not possible. To solve this problem 
and to have one idea about the relationship between the 
different compounds we have used the concept of the 
formation energy, reported by Wolverton et al. [42], 

[ ]  

1  
Δ E = E ( M p H q ) _ p E f ( M ) _  q  

2 E ( H 2 ) . ( 1 )  
p + q 

In equation (1), the amount ΔE is the formation energy, 
the first term in the second member is the ground state 
energy of the crystal; the second is the metal ground state 
energy, and the last one is the energy of the molecular H. 
In Table 3 and Figures 1 and 2 are the values of the ΔE 
as a function of the relation of the amount of H with re-
spect to the total amount of atoms in the formula unit 
for the different Li-H and Be-H compounds, respectively, ΔE 
is calculated in electron volts units. We have included the 
values coming from the FPLO calculations because 
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Fig. 1. The circles correspond to LipHq where p and q are the 

first and second number of the group, the third number is the 

number of the group of symmetry. 

the differences between FPLO and LAPW values are to 
the second or third decimal, and the figures appear very 
confusing. 

The contribution to the valence and conduction bands 
of the H and the metals are different, in the valence band 
we found, mainly, the 1s electrons of H, and a low con-
tribution of Li and Be. The valence band consists a big 
part of the energy space of hybridization. In the conduc-
tion band are the electrons of the metals and in minor 
percentagethe 1s of the H. 

In Figures 1 and 2, we have drawn a line connecting the 
vertices of the convex hull [43–45], showing which are the 
stable compounds according the formation energies. The 
line begins at the stable crystal structure of Li-bcc and 
Be-hcp and ends in the stable phase in which the H, H2- 
molecular is found. The line touches the most negatives 
values of ΔE, corresponding to the stable compounds, 
Li4H-221 and LiH-225, in the case of the Li-H series and 
BeH2-72 in the case of Be-H compounds. The other two 
compounds are below the zero value close to LiH-225, they 
are LiH-129 and LiH-221. 

Hydrogen is an element whose Pauling electronegativity 
is 2.20 and is large compared with Be and Li which are 
1.57 and 0.98, respectively. The stability of this compound 
can be explained by a funct ion of the orbitals of the 
elements, Li has an electronic structure of 1s22s', the 1s 
orbital is very deep in the valence band, and 2s is between 
the valence and conduction band, the H is 1s', the only 
electron of H is mainly in the valence band, and is the 
electron that creates the bonds with other elements. The 
Be (1s22s2) atomic orbitals have similar behavior to the 
atomic orbitals of Li in the analysis we developed. In Ta-
ble 3 it is possible to see the population of the atomic or-
bitals of the different compounds. In the case of the three 
LiH (225, 129, 221) compounds which are the most stable, 
the 2s orbital of the Li, with only one electron, loses about 
85% of the electronic charge, giving part of the charge to 
the 2p orbital (—20%) of the Li and about 60% to the 
1s orbital of the H nearest neighbours. When this process 
does not occur and the amount of charge taken by the 

Fig. 2. The squares correspond to BepHq where p and q are 

the first and second number of the group, the third number is 

the number of the group of symmetry. 

H is about 50% or less, the compounds are strongly un-
stable, in Figure 2 all these compounds are above of the 
value, then ΔE = 0. The orbital 2p of Li, that originally 
was empty, when the compound is formed, receives part 
of the charge of the 1s orbital of the Li, and it partici-
pates in the stability of the compounds, in the case of LiH 
(1:1, p = 1, q = 1) the values of the population of this 
orbital are 0.252 for the 225, 0.211 for the 129 and 0.198 
for the 221, respectively, these are in accordance with the 
position in Figure 2.The stabilities move away from the 
LiH-225 as the 2p of Li and 1s of H are less populated, 
jointly or alternatively. Similar behavior can be seen in 
the case of Be-H compounds, Table 3 and Figure 2.In 
the case of Li4H-221 (ΔE = —0.048) the transfer of the 
charge from Li-2s to Li-2p is very strong, the amount of 
charge captured by H-1s is not as great as in compounds 
225, 221 and 129, in any way, with this combination the 
compound achieved a certain stability. A similar case is 
presented by the Li2H-221 (ΔE = + 0.019), the differ-
ence here arises because the H-1s cannot capture enough 
charge of the Li-2s. 

From another point of view, we can say that this phase 
diagram presents the meta-stability of the Li(Be)-H com-
pounds, in particular of the LiH-221/129, with respect 
to the tie line from Li(Be) to H2. We can see from this 
figure the differences between both groups. In the group 
Li-H, LiH-221 is relatively close to the LiH-225, but LiH-
129 with tetragonal structure is much closer to the 225, 
the difference in ΔE is 0.15 eV, in the case of the LiH221 
the energetic difference is 0.25 eV with respect to the 
stable structure, but the theoretical transition pressure 
from LiH-225 to LiH-129 is much higher than the one to 
LiH-221. In the case of the Be-H compounds, all of 
them are very far from the synthesized compound BeH2-
72, which indicates that all of them are unstable. On the 
other hand, it is well known that as a general rule those 
elements with an electronegativity (χ) varying between 1.35 
and 1.82 do not form stable hydrides. In the present case, 
the electronegativities of the Li and the Be 
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are, 0.98 and 1.57, respectively, according to this rule 
the Li-H compounds have a greater chance of forming more 
stable compounds than those formed with Be-H. This as-
sertion is not a good argument according to our calcu-
lation, because compounds with the same number of H 
atoms, in different phases, should have the same stabil-
ity, but, according to the calculations shown in this work, 
that does not happen. The ΔE value for BeH2 has a very 
small negative value which gives an idea of the stability of 
this compound, in this case the calculation agrees with the 
non-stability criterion proposed using the hull line and the 
electronegativities. 

4 Conclusions 

We have studied different compounds based on two mate-
rials Li-H or Be-H. For each of these groups we have pro-
posed different amounts of H and different crystal struc-
tures, in that sense we are designing new compounds with 
the purpose of determining the formation energies and the 
different stabilities. 

We have used two different methods of calculation with 
very different philosophies for the representation of the 
bases; the results of them are very close. The utilization 
of ab-initio codes and the very good results obtained on 
the compounds experimentally studied show that these 
kinds of tools give us a very powerful structure to predict 
new materials and their physical properties. The proper-
ties resulting from our results show a consistency which 
indicates the validity of the results and the methods used. 
Our first principles calculations do not negate the need for 
specific knowledge of these compounds, but give us trends 
of behaviors that serve to focus the possible solutions to 
the problem. 

What we have tried to do, is find out the ranges of 
the stability of the different compounds belonging to each 
of the series studied. The total energies of the compounds 
can give us a lot of information about them; these amounts 
are not useful at the moment to evaluate the relative sta-
bilities of the compounds. They are very important to 
describe the physical properties of known and unknown 
structures, in the latest case; we can predict the structural 
parameters, density of states, level of occupation of the 
orbitals, etc. But it is not the best parameter to describe 
the relative stabilities, in fact, lower total energy does not 
mean higher stabilities. The formation energies give us 
values to endorse the idea about the stabilities of the 
compounds. In this sense, we can see that in the case of 
the Li-H, the LiH-221 or LiH-129 are less stable than LiH-
225. In the other series, BeH2 is the one that remains 
stable. We have also seen that the charge transfer 
between orbitals is deeply linked to the stability of the 
compounds. For this, we must put in contact with the 
H, metals having a much lower electronegativity than H, 
favoring charge transfer. We can see that Be-H compounds 
are unstable whereas Li-H compounds are stable or quasi 
stable (225, 221). This can be seen as an indication that the 
Li-H compounds exhibit a better alternative than Be-H 
compounds for the use as H reservoirs. 
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