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A systematic consideration of the compounds made up of Li, Mg and H has been taken with respect to
the structural, electronic, and thermodynamic properties, by means of density functional theory (DFT).
Through the database mining approach, the ground state structures of LiMgHs3 and Li;MgH, are identified
to be R3c and Pbam, respectively. The Li-Mg-H ternary hydrides are insulators dominated by ionic bonds
besides some covalent components between Mg and H. Energies of different formation pathways have
been calculated at finite temperature. Hydrides synthesized from Li, Mg and H; possess obvious energetic

ﬁe;]/\\//lvgol:ds: advantage, but may be inhabited kinetically by pure phase separation. Thermodynamically reversible
Lifng; decomposition to LiH and MgH; brings about another issue for the actual preparation and stable existence

DFT of the ternary hydrides. Inserting H atoms to the sites of the ordered alloys with high electric density
has been taken as another way to explore possible structures of this system. As H uptakes stepwise, the
resulted compounds turn from conductors to insulators. The present results shed light on the design of
Li-Mg-H ternary hydrides.

Structural prediction
Thermodynamic

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Lithium, magnesium and hydrogen come out at the top of the
lightweight elements and exhibit a variety of high-efficiency appli-
cations especially in the area of energy storage and conversion [1,2].
Lithium and magnesium are believed to have similar properties
due to their diagonal situations on the periodic table. In terms of
the practical hydrogen storage demand for fuel cells, many efforts
have been currently aimed at exploring complex light-weight metal
hydrides Ai(MH4), (A=Li, Na; M =Be, B, Al) [3,4], owing to their
high gravimetric and volumetric hydrogen storage capacity. From
this point of view, the Li-Mg-H ternary phases possess great poten-
tial. Recently, focuses have been expanded to multi-component
hydrides, mainly including Li-Mg-N-H [5-7] or Li-Mg-B-H [8,9]
systems. By mixing and reacting the binary metal hydrides with
amides or borohydrides, the complex systems undergo a variety
of competing reactions and reach different end products. Thus, the
Li-Mg-H compounds may also exist as the by-products during the
reactions of multiphase hydrides or as the mixed phases in doping
Li (or Mg) into some Mg (or Li)-based hydrides.

On the other hand, Li, together with Mg, acts a significant role
on rechargeable batteries [10]. Searching for high-performance
lithium storage materials as electrodes has constantly attracted
wide interest ever since the first commercialized rocking-chair cell
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by Sony Corporation [11]. Oumellal et al. presented the electro-
chemical reactivity of MgH; with Li that constitutes the first use
of a metal-hydride electrode for Li-ion batteries [12]. A mixture of
LiH and Mg has also been suggested as a negative electrode corre-
sponding to the conversion reaction: Mg+2LiH — MgH, +2Li* + 2e
[13]. Some voltage plateau during the charge-discharge traces was
regarded to substances including Li, Mg and H, though the specific
composition has not been verified. Thus, the Li-Mg-H ternary sys-
tem plays a significant role in the areas related to high efficient
energy storage and conversion. The Li-Mg-H ordered phases have
a great potential to fulfill the needs of both lithium and hydro-
gen storage, and the gravimetric H and Li density is 8.8%, 20.6% for
LiMgH3 and 9.5%, 33.3% for Li,MgH,4 respectively.

Owing to the superior efficiency and reliability, first-principles
density functional theory (DFT) [14] has become a valuable tool
in understanding properties of materials, predicting structures of
unknown substances and interpreting experimental phenomena
[15-17]. Especially, a variety of Li, Mg related hydrogen-storage
materials have also been investigated based on it [18-21]. As
to discover structures of novel materials, several first-principles
computational methods have been employed. Database searching,
simulated annealing, lattice cluster expansion are some com-
monly used ones [22]. Among these methods, the database mining
approach is most widely used and believed sufficient to obtain
accurate ground state energies reasonably. Recently, a series of the-
oretical predictions and studies of some alkali-containing ternary
hydrides such as ABeHs [23], AMgH3 [24], ACaH3 [25] (A=Li, Na, K,
Rb, and Cs) have been fulfilled by this method.
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Researches of LiMgH3; were once carried out based on the
predicted pervoskite [26,27] and LiTaOs-type [24] structures
respectively. Since compounds such as Li;BeHy [28] and K;MgH,
[29] have been discovered experimentally, we believe Li;MgH4
can also exist as an allotrope to LiMgHs. In our work, we adapted
the database mining approach not only to predict the structure of
Li,MgH, at the first time, but also to further test the controver-
sial structure of LiMgHs3. Generally, Mg-Li alloy is believed to exist
as an amorphous state. The phases of ordered magnesium-lithium
alloys have been investigated via first-principles calculation lately
[30]. We also extended our research to explore some other ordered
Li-Mg-H phases derived from the ordered alloys. To thoroughly
understand this Li-Mg-H ternary system, systematic analysis of the
electronic and chemical bonding characters, as well as formation
enthalpies based on the results of structural optimizations were
then carried out.

2. Calculations

Our calculations are performed based on density functional the-
ory (DFT) [14] as implemented in the Vienna ab initio simulation
package (VASP) software [31] within a plane-wave basis set [32].
The interaction between ion and electron is described by the projec-
tor augmented wave method [33]. Perdew-Burke-Ernzerhof (PBE)
projector-augmented wave pseudopotentials with semicore sand p
states treated as valence were used [34]. The cutoff energy for plane
waves in our calculations was 320eV. Brillouin-zone integrations
were performed on the 6*6*6 Monkhorst-Pack k-point mesh. To
avoid the ambiguities regarding the free energy results, the same
energy cutoff and a similar k-grid sampling for convergence were
adopted.

During the structural optimizations, we deliberately break the
symmetry of the input model down to triclinic P1. The ionic
coordinates, size and shape of the unit cell were optimized simul-
taneously, and the relaxations were not stopped until the all the
forces were less than 0.01 eV/A.

The lattice vibrational calculations were carried out using the
supercell method with finite displacements [35,36]. In this method,
series of Hellmann-Feynman forces of a certain configuration with
asingle atom displaced from its equilibrium position are first calcu-
lated by VASP code. Calculations are performed in a relatively large
supercell (in our work, the length of each edge is around 10 A) with
periodic boundary condition to avoid interactions between images
of the displaced atom and guarantee the accuracy. The forces are
collected to construct the force-constant matrices. The dynamical
matrices are then solved to obtain phonon frequencies w;. Thus, the
thermodynamic data of a specific substance, such as enthalpy and
entropy, can be derived from the following formulae [20,37]:
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3. Results and discussion
3.1. Structure optimization and analysis

The structure relaxation of Li;MgH4 has been performed based
on 18 different potential structures with A;BX,4 stoichiometric
ratio. The proposed database is chosen following some princi-
ples. The searched structures are limited to chemically similar
materials that have been reported by the Inorganic Crystal Struc-
ture Database (ICSD) [38]. Therefore, the possible elements A

and B are confined to mono-valent and divalent metals from
alkali, alkaline earth or transition metals separately, while X to
hydrogen or halogen. In addition, some similar oxides are also
included. The crystallographic structures inputted for calcula-
tions are namely (1) K;MgH,4 (I14/mmm, tetragonal); (2) Rb;MgH,4
(Pnam, orthogonal, also K;ZnCly); (3) NayCuF4 (P21/c, monoclinic);
(4) LiMgCly (Fd-3m, cubic, also Al,Mg04); (5) RbyCuCly (Cmca,
orthogonal, also La;NiO4); (6) Li;MgBr4 (Cmmm, orthogonal, also
Li;CoCly); (7) NayMgCly (Pbam, orthogonal, also Na,MnCly); (8)
K,BeF4 (Pna2q, orthogonal); (9) LipFeCly (Imma, orthogonal); (10)
Li»CrCly (C2/m, monoclinic); (11) KyPtCly (P4/mmm, tetragonal);
(12) Li;BeF4 (R-3, trigonal); (13) NayPdCl, (P4/ncc, tetragonal);
(14) K3ZnBr4 (P21/m, monoclinic); (15) B-Na;S04 (Fddd, orthogo-
nal); (16) Ky,CoCly (P21 /c, monoclinic, also NayBeF,); (17) Li,ZnCly
(Pnma, orthogonal, also Cs;MgCly); (18) NayBeF,4 (Pn24a, orthog-
onal, also Rb,ZnCly). Though there are some structures belonging
to the same space group, the differences of the number of atoms
in the cell or the direction of crystalline axis lead them to diver-
gent configurations and need to be considered separately. Among
the crystal models imported for optimizations, the one with the
lowest energy is Na;MgCly-type, with Pbam space group and 28
atoms per unit cell. It can be regarded as the ground-state atomic
arrangement of Li,MgH4 compound, the structure and parameter
of which are shown in Fig. 1a and Table 1 respectively. The ini-
tial Na,CuF4 (P24/C) type candidate can also be relaxed to a similar
structure as the Na;MgCl, with only small variations in the posi-
tional parameters, which can be omitted. In addition, we got two
competitive phases in energy with the ground state, Immaand C2/m
respectively, the energies of which are within 10 kJ/mol per formula
unit higher. The close energies of the above three bring on a big
possibility of coexistence and conversion under some situations.

Following the searching principles stated above, we enumerate
twelve possible structures for LiMgHs, and those are (1) KMgHj3
(Pm3-m, cubic, also LiBeH3); (2) NaMgH3 (Pnma, orthogonal, also
KCaF3); (3) LiTaO3 (R3c, trigonal); (4) RbMgF3 (P63/mmc, hexag-
onal, also CsMgCls); (5) KMgCls (Pbnm, orthogonal); (6) FeTiO3
(R3-m, trigonal, also NaMnCl3 ); (7) NaMgF3 (Cmcm, orthogonal, also
YBO3); (8) RbBeF; (P212121, orthogonal, also KCuFs3); (9) RbCuF3
(I4/mcm, tetragonal); (10) CsMgH3 (R3-m, trigonal, also CsCoF3);
(11) KMnF3 (P4/mbm, tetragonal); (12) RbCuCl3 (Pbcn, orthogo-
nal). After relaxation, we get the same result as the one reported
by Vajeeston that the lowest energy configuration for LiMgH3 is
LiTaO3-type atomic arrangement [24]. Detailed structural informa-
tion can be found in Fig. 1b and Table 1. However, it should be
noted that the predicted structures for Li,MgH,4 and LiMgHj5 is just
for their ground state, the structural transformations along with
pressure and temperature need to be further considered.

Based on the results of previous prediction, phonon vibration
frequencies were then calculated, and no imaginary frequencies
are observed, implying that both Na;MgCls-type LiMgH4 and
LiTaO3-type LiMgH3 are dynamically stable. We then analyzed and
discussed their structural features as follow. In the LiMgHy4, one
Mg atom is surrounded by six H atoms. The Mg-H inter-atomic
distances vary between 1.96 A and 1.95A, and the H-Mg-H bond
angles are very close to 90°. The two values above characterize
that the MgHg arrangements in Li;MgH, are regular octahedrons,
different from the covalently BeH4 or AlH,4 tetrahedrons in some
Li-Be-H, Li-Al-H complex hydrides [23,39]. However, situations
alter for Li-H coordination. There are also six H atoms around each
Li, but the bond lengths are in a wide range from 1.90A to 2.14A
and the H-Li-H bond angles from 78° to 116°. So the Li-H atomic
arrangements can only be labeled as highly distorted octahedrons.

Similar analysis is done for the LiMgH3; with R3c space group.
The variation scopes for Mg-H and Li-H distances are from 1.91 A to
2.00A and from 1.91 A to 2.05 A respectively. The H-Mg-H angles
range between 80° and 101°, while H-Li-H angles between 77°
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Table 1

Optimized equilibrium structural parameters for Li,MgH,4 and LiMgHs. The space group, number of formula units (Z), lattice and positional parameters are listed respectively.

Compound (space group) z Lattice parameters (A) Positional parameters
Li; MgH4(Pbam) 2 a=4.8968 Li(4h): 0.4821, 0.2096,0.5000
b=9.2532 Mg(2a): 0.0000,0.0000,0.0000
c=2.9185 H1(4h): 0.2078,0.9136,0.5000
H2(4g): 0.2183,0.1776,0.0000
LiMgH3(R3c) 6 a=4.9226 Li(6a): 0.0000,0.0000,0.2915
c=13.2106 Mg(6a): 0.0000,0.0000,0.0013

H(18b): 0.0361,0.3641,0.0660

and 105°. In LiMgH3, the MgHg and LiHg are both distorted octahe-
drons of similar shape. The bonding discrepancy of Li, Mg with H is
smaller than that in Li;MgH4, due to the small proportion and less
significant role of Li.

3.2. Chemical bonding

The prominent chemical bonding features can be identified by
the calculated Electron Local Function (ELF) plots, as displayed in
Fig. 2. The ELF values of the H sites are approximately equal to
1, while those of the Li, Mg sites are extreme low. The immense
difference infers that few valence electrons are left to the metals
during their interactions with H and the Li-Mg-H system mainly
features an ionic property. However, the non-spherical contours
of Mg, Li and H infer that covalent bond still exist in this system,
especially between Mg and H. Bader charge analysis proves this
judgment. The valence electrons of Li, Mg and H are 0.16, 0.42, and
1.82 respectively and the data are similar for both Li;MgH, and
LiMgH3.

To understand the electronic properties of this system clearly,
Li, Mg, H-partial and total density of states are calculated. It can
be seen from Fig. 3 that both Li;MgH,4 and LiMgHj3 are insulators
with band gaps wider than 3.5 eV and behave similarly in chemical
bonding. The valence band is primarily dominated by H s electrons
and contributions from the other two are limited. It corresponds
and confirms the ELF analysis above that the valence electrons have
transferred from Li and Mg to H sites and thus, the bonds of Li-H
and Mg-H possess predominantly ionic characters. Therefore, these
ternary hydrides can also be conceived as insulating hydrogen crys-
tals stabilized by metal atoms rather than as a mixed metal with H
atoms [27].

In the valence bond region from —6 to —1eV, Mg-s and Mg-p
states are energetically separated and interact with H-s individ-
ually, while those of Li degenerate almost the whole scope. The
details above indicate that the bonding features of Li and Mg with
H are different, and some weak covalent bonds still exist between
Mg and H. To some degree, the Mg-H interactions in these Li-Mg-H
ternary complexes characterize a mixture of ionic and covalent
components, just as the corresponding bonding natures in MgH,
[40].

Nevertheless, another fact should not be neglected. There is no
gap in the valence band region especially at —4 eV, reflecting that
the Li-H and Mg-H interactions distribute broadly and continu-
ously over the whole phase and this can be illustrated by the corner
sharing connections of LiHg and MgHg octahedrons. Similar results
also occur in some other simple hydrides, like the extended BeHy
tetrahedrons in LiBeHs [23].

3.3. Thermodynamic properties and formation energies

The standard formation enthalpy at T=0K (AH™%K) con-
tains the electronic component (E.;) and ZPE (zero-point energy).
Finite temperature contributions from lattice vibrations are further
included. All the energies related to vibration are computed from
the phonon density of states within the harmonic approximation
[35]. The translational and rotational vibration modes are neglected
for all solid reactants. The calculated zero point energy, enthalpies
and entropies of substances involved in 300K are listed in Table 2.
As to Li, Mg, LiH and MgH,, previous theoretical and experimen-
tal data are also shown. The differences of calculated vibrational
enthalpies of 300K and 0K (H,;, 399K _ ZPE) correspond well with
the values of HT=300K _ HT=0K i references. In addition, agreements

Fig. 1. The predicted crystal structures for Li;MgH4 (a) and LiMgH35 (b).
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Fig. 2. ELF plots for different surfaces at [11 0] direction. (a) and (b) represent for surfaces of LiMgH, centered by Mg and Li atoms respectively, while (c) and (d) for those
of LiMgHs.
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Fig. 3. Calculated partial (Li-s, Li-p, Mg-s, Mg-p, H-s) and total DOS for Li;MgHj4 (left) and LiMgHj3 (right).

Table 2
Calculated thermodynamic data of substances related in this ternary system. Theoretical and experimental values of HT-300K _ HT=0K and §T=300K from references are respectively
listed for comparison. ZPE refers to zero-point energy, also given by H,; 7-°K. Units are k]/mol f.u. for ZPE, H,;,7-300K, HT=300K _ gT=0K 'and J/K/mol f.u. for S, T-300K §T=300K

System Space group ZPE(H!-0 ) HI300K HT=30K _ {T=0K ST-300K §T=300K Phonon
Ref. (theory/expt.c) Ref. (theory/expt.c) supercell
Li Im3-m 3.8 8.2 4.33/4.7 28.0 27.7°/29.2 2%2*2
Mg P63-mmc 29 7.9 5.0%/5.0 32.8 31.92/32.8 3*3*2
LiH Fm3-m 22.7 26.2 3.5Y/3.8 17.7 17.7°/20.2 2%2*%2
MgH, P42-mnm 39.9 45.4 5.42/5.4 31.6 31.3%/31.9 3*3*4
Li; Mg, Pm3-m 7.6 16.4 56.9 3*3*3
Li; Mg, Immm 5.5 15.2 78.8 1*3*3
Li;Mgq Immm 11.6 24.7 833 1*3*3
Li;MgH4 Pbam 80.6 94.5 78.8 2*1*3
LiMgH3 R3c 61.4 70.6 52.0 1*2*1

3 Calculated value from Ref. [16].
b Calculated value from Ref. [20].
¢ Experimental value from Ref. [41].
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of the entropies are also reasonable. Treated as an ideal diatomic
gas, the Hy molecule is modeled by putting a H, dimer in a simple
cubic supercell with a lattice constant 10A. Its internal energy is
expressed as a sum of translational (3/2RT), rotational (RT) energies
and the pV contribution to enthalpy is equal to RT. The zero-point
energy used in our calculation is 25.7 kJ/mol [16]. The thread of our
thermodynamic calculations is represented as follows and the data
obtained are listed in Table 2.

A Eelﬂf A HT:O K +finite temperatlﬂ/ibrational energy
(or molecular rotational+transitional+pV energy)
As to the formation of the Li-Mg-H ternary hydrides, five possi-
ble pathways are considered in this study. Besides the LiH, MgH,,
Li, Mg, we also include the ordered Li-Mg alloy phase [30] as a
potential reactant. Combining the electronic and vibrational ener-
gies calculated above, ambient temperature formation Gibbs free
energy (AGT300K) of Li;MgH, (Pbam) and LiMgHj3 (R3c) for differ-
ent reaction equations are derived and summarized in Table 3.
The data in Table 3 reveal that all the reaction pathways are
exothermic. The reaction starting from elementary substances, as
well as the predicted ordered alloy phases, seems to be a large
energy liberation process and can be taken as a guide for prepa-
ration of these ternary hydrides. From the point of view of energy,
there is a big possibility for the predicted LiMgH3; and Li;MgH,4
to form in equilibrium conditions. However, the high energetic
barriers for cation diffusion within the solid phases forbid the com-
bination and separation of phases kinetically at ambient conditions
[18]. Thus, the pure phase is not easy to get by a straightforward
combination of Li, Mg and H,. Separations of the ordered hydride
from amorphous solid solution may require extra experimental
conditions such as an extreme temperature and pressure or a rel-
atively long operating time. The specific kinetic limitation needs
to be investigated thoroughly. Nevertheless, a series of MMgH3
or MyMgH, (M =Na [42], Rb [43], Cs [44]) compounds have been
prepared by corresponding binary hydrides experimentally. Con-
sidering the formation Gibbs free energy of pathway (3) close to
0KkJ/mol, reversible decompositions of LiMgH3 or Li;MgH, to LiH
and MgH, seem to be favorable thermodynamically. It may explain
why the Li-Mg-H ternary hydride with pure and single phase has
not yet been founded this way experimentally. In reality, the for-
mation processes of these ternary hydrides may include some other
compounds as intermediates and be multiple-step reactions. It can
be concluded that the regular Li-Mg-H ternary compounds cannot
be synthesized easily. Though pathways of (1) and (3) can be taken
as potential preparation pathways, actual limitations from kinetics
and thermodynamics have to be overcome respectively. Moreover,
in practice, the energy reduction contributed by defects and mix-
ing entropy will further prevent the pure ordered compounds to be
stabilized.

3.4. Inserting H atoms into the predicted ordered Li-Mg alloy
The potential ordered Li-Mg alloy phases have recently been

reported by Taylor et al. using cluster expansion method [30]. They
are Li; Mgy, LijMg, and Li;Mg;, with space groups Pm-3m, Immm,

Table 3

and Immm respectively. We further do an electronic analysis of
these structures. The structures and corresponding ELF plots of
these three are shown in Fig. 4a, c, and f.

As the ELF pictures display, all of these Li-Mg alloys have regions
of high ELF values approximate to 1, indicating that electrons are
excluded by metals and highly located in these areas. Generally,
H prefers to stay at the interstitial sites where electrons have

AHT=300K"T-45 A ~T=300K

relatively more non-bonding localized nature than other possible
sites in metal matrices [45]. The spaces with high electron density
thus tend to be occupied by H atoms to form other ordered Li-Mg-H
ternary hydrides.

We studied the H uptake behavior of the ordered Li-Mg alloy
through sequential insertion of H atoms. The sites with ELF val-
ues higher than 0.8 are first taken into consideration as promising
host for H atoms. Three H atoms are located at the face center of
Li;Mg; to obtain a perovskite structure, which was once consid-
ered as an ideal arrangement for LiMgH3; [26,27]. No extra free
electron distributions are identified by the ELF plots after the H
insertion. However, it should be noted that though this Pm3-m type
LiMgH3 appears to be rational in terms of spatial and electronic dis-
tribution, its energy is much higher than the previously predicted
LiTaO3 (R3c) type and has imaginary frequencies with a dynam-
ically instability. This structure may exist as an ordered phase at
some certain external condition and further confirmation needs to
be taken experimentally and theoretically.

Two H atoms are put into the Li;Mg, and formed Li,Mg4H;
(Imm2), as seenin Fig. 4c. Li; Mgy gets four H atoms and the resulted
Li4Mg,H,4 is also Imm2, as seen in Fig. 4f. Density of state (DOS) of
the Li,Mg4H, and Li4;Mg,H4 have been calculated, and both have
Fermi-levels around 3.5eV and no band gaps, thus they should
be classified as conductors unlike the LiMgH3; and Li;MgH,4 ana-
lyzed above. This feature is also observed by their ELF plots and
can be ascribed to the large amount of vacancies and electrons
still left unoccupied. Thus, the systems have properties much like
the binary alloys they derived from and could accommodate some
more H atoms. As a result, H atoms are continued to put into other
sites of the Li,Mg4H; and LisMg,H,4 with relatively high ELF val-
ues to reach the saturated stoichiometric ratio. Thus, we get the
Li;Mg4H10 and LisMg,Hg with configurations and charge distribu-
tions (Fig. 4e and h). The system ultimately reaches its insulating
state after H loading stepwise. Their electronic properties are just
like the ground state structures analyzed above. However, from the
Phonon DOS calculations, imaginary frequencies are both observed,
implying that these predicted structures are dynamically unstable,
unlike the others illustrated before. It can be inferred that both
structures are metastable and once after formation may convert to
some other Li-Mg-H ternary phases or, with much bigger possibil-
ity, break down to MgH, and LiH, since the Gibbs free energy of this
route is close to zero even for the predicted ground state ternary
hydrides.

Formation enthalpies of Li,MgH4 (Pbam) and LiMgHs; (R3c) at T=300 K with respect to different reaction pathways.

Formation equation AGT™300K (k] /mol)

Formation equation AGT=300K (k]J/mol)

(1) 2Li+ Mg + 2H, — Li;MgH, ~215.6
(2) Li;Mg; +2H, — Li;MgH, ~203.7
(3) 2LiH + MgH, — Li;MgH, -283
(4) 2Li + MgH, + H, — Li;MgHa ~163.6
(5) 2LiH + Mg + H, — Li; MgH, ~80.0

Li+ Mg+ (3/2)H; — LiMgHs ~129.7
LiMg +(3/2)H; — LiMgH; ~126.0
LiH + MgH, — LiMgHs -105
Li+MgH, +(1/2)H, — LiMgHs -78.1
LiH + Mg +H, — LiMgH; —62.1
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Fig. 4. Structures and corresponding (00 1) and (002) surface ELF plots of the ordered Li-Mg alloys and substances resulted by proper H insertion.

4. Conclusions

A structural, electronic, and thermodynamic study of the
ordered Li-Mg-H system has been performed in detail based on
DFT. Closely related structures of different space groups have been
imposed as the database for searching the ground state structures
of Li;MgH,4 and LiMgHs. The resulted structures after relaxations
are Pbam (Na,MgCly type) and R3¢ (LiTaO3 type) respectively, com-
posed of LiHg and MgHg octahedrons connecting each other by
corner sharing. According to electronic and chemical bonding anal-
ysis, the Li-Mg-H compounds are insulators and dominated by
ionic bonds in addition to some covalent component between Mg
and H. Finite temperature thermodynamic data corresponding to
different formation routes are compared. Preparations through Li,
Mg and H, are energetically favorable, but may be inhabited kinet-
ically by pure phase separation. The actual formation process for
the pure, ordered phase should be exploited under some special
experimental conditions. The decomposition to LiH and MgH, not
only limits the thermodynamic feasibility of synthesis by combin-
ing these binary hydrides but can also explain the difficulty to
discover these order ternary phases. Inserting H atoms into the
sites of ordered Li-Mg alloy phases with high electronic density
has been taken as another way to discover proper Li-Mg-H phase.
The H-uptaken derivations appear to be rational with respect to

spatial and electronic distributions. Systems derived from Li; Mgy
and Li;Mg; display a conversion from conductors to insulators as
H uptakes consequently. However, when saturated by H to the
stoichiometric ratio, imaginary frequencies are observed in these
substances, indicating the dynamically instability.
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