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First-principles study of NaAlH , and NasAlH g complex hydrides

A. Peles, J. A. Alford Zhu Ma, Li Yang, and M. Y. Chou
School of Physics, Georgia Institute of Technology, Atlanta, Georgia 30332-0430, USA
(Received 11 June 2004; published 15 October 2004

We present a first-principles investigation of the structural properties, electronic structure, and the chemical
stability of the complex hydrides NaAlHand NaAlHg. The calculations are performed within the density
functional framework employing norm conserving pseudopotentials. The structural properties of both hydrides
compare well with experimental data. A detailed study of the electronic structure and the charge-density
redistribution reveal the features of an ionic covalent bonding between Al and H {AliHg)~ and (AlH )3
anionic complexes embedded in the matrix of Mations. The orbital hybridization and the characteristics of
bonding orbitals within the complexes are identified. The calculated reaction energies of these complex hy-
drides are in good agreement with the experimentally determined values.
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[. INTRODUCTION bonding picture within the complex to be either covalemt
jonic 8 Investigations of the thermodynamic stability of com-
blex hydride&®° have found both hydrides to be stable. In
addition, the electronic structure and high-pressure phases of
the lithium compoundgLiAlH , and LAIH g) have also been
investigated using PAW and LAPW method¥s!’ In this
work we make a systematic analysis of the electronic prop-
erties of both NaAlH and NaAlH g in order to elucidate the
rEjeneric bonding characteristics in complex metal hydrides.

Q|t||ons, matkm? Il\laAIH a tecg‘ﬁlﬁ%c"’t‘gy ;”“3??5“”? m?t?' Our results suggest a covalent type of bonding between Al
fal as a potential energy carrietniike the tradiional metal - o4y \within the complex, but with a large ionicity. In con-

hngdes_wr;ﬁre_tk;e "}ﬁ.tall Ia_itice is aNhosf_fbor rr\wydArlogen Whicr{rast to previous studies, we have identified the importance
resides in the interstitial sites, in NaAlreach Al is sur- ¢ ype A1 g orbital hydridizing with the Hs orbital in the

rounded by four H atoms, forming a metal-hydrogen com- H. complex. This explains why the complex has
plex. The dehydration process proceeds through a series R vgr beeﬁ oBserved, gFi)ven the f)é\ct tha?_t'ti&safte has a

chemical reactions as follows: much higher energy than thes 2nd 2 bonding states in B.

Much recent research effort has been directed at invest
gating complex hydrides of light metals such as Napthat
are viable candidates for practical applications as hydroge
storage materials:* NaAlH, has a high gravimetric hydro-
gen capacity5.6 wt. %) and doping with selected transition
metals (Ti, Zr, Fe, etc) is shown to speed up the rate of
absorption and desorption of hydrogen under moderate co

NaAlH, — %NaeNHGJ, §A|+ H, (1) Details of the computational methodology are summa-

rized in Sec. Il. The structural properties are discussed in

and Sec. lll. Detailed studies of the electronic structure are pre-
NagAlH s — 3NaH + Al +§’H2. @) sented in Sec. IV and a discussion of formation energies is

given in Sec. V.
An amount of 3.7 wt. % of hydrogen is released in the first
reaction and 1.85 wt. % in the second. Further release,of H Il. COMPUTATIONAL METHODOLOGY
in the decomposition of NaH happens at very high tempera-
ture and is not considered useful for practical hydrogen stor- The first-principles calculations were based on density
age. Understanding the fundamental physical properties dgnctional —theory®!® (DFT) with norm-conserving
the complex hydrides involved in reversible hydrogenpseudopotentia$ combined with a plane wave basis set.
absorption/desorption processes is of key importance towarihe pseudopotential of the Na atom was generated in the
the design of novel materials and devices for hydrogen stor3s'3p° configuration with the cutoff radii of 2.3 afs) and
age. 2.5 a.u(p). We used the partial core correctfdrio account
Here we employ first-principles approaches based on derfor the overlap of valence and core electronic states. In the
sity functional theory and norm conserving pseudopotentialsase of Al we have generated pseudopotentials with and
to conduct a comprehensive study of the structural, elecwithout the nonlocald component from the configurations
tronic, and stability properties of NaAljHand NaAlHg. Re-  3s?3p'3d® and 3?3p*, respectively, with following cutoff ra-
cent theoretical studiési® have confirmed the structural fea- dii 1.93 a.u(s), 2.43 a.up), 2.28 a.ud).?> The pseudopo-
tures of both complex hydrides in agreement withtential of the H atom was constructed in th& tonfiguration
experimental results=14These include calculations employ- with a cutoff radius of 1.25 a.u. In the calculation of the
ing the general potential linearized augmented plane-wavelectronic structure and formation energies the generalized
(LAPW) method® the projector augmented waw@AW) gradient approximatidi?* (GGA) to the electronic
method! and the pseudopotential methsd® The electronic  exchange-correlation energy was employed, while in
structure studies for NaAlH(Refs. 6—8 have suggested the the study of structural properties the local density
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NaAlH, NajAlH, TABLE |. Comparison between calculat¢@GA) and experi-
mental lattice constants and internal parameters for tetragonal
NaAlH, (space group4,/a).

Lattice constantgA) a c
This work 5.09 11.39
Expt2 5.021 11.346
Expt? 5.020 11.330
Expt. (8 K)° 4.9802 11.1482
Internal parameters X y z
& X <

e € ©€ H (This work 0.232 0386  0.546

D (Exp. 8 K 0.2371 0.3867  0.5454

FIG. 1. (Color onling Crystal structure of tetragonal NaAlH
and monoclinica-NagAlH g. Na atoms are presented by blgkark) aRef. 11.
spheres. Tetragonal AlHand octahedral Allf complexes are PRef. 12.
shown with respective Al-H bonds. The central aluminum atoms aréRef. 13.

shown by small reddark gray spheres, while hydrogen atoms are ) )
represented by large whitéight grey) spheres. bonds are drawn for clarity. Aluminum atoms are surrounded

by four hydrogen atoms in NaAlHand six in a-NagAlH g,
forming the AlH, tetrahedral and Algloctahedral complexes
ith an average Al-H bond length of 1.627 (iRef. 13 and

approximatio® (LDA) was also considered in addition to
GGA. The convergence test performed on the experlmenta\1¥758 Al respectively. Both polyhedra show slight distor-
structures of NaAllj and NaAlH yielded the choice of ion from the ideal tetrahedral/octahedral geometry. There
55 Ry for the plane-wave energy cutoff. The Brillouin zone 416 two chemical units per primitive unit cell for both com-
was sampled using a Monkhorst-Pack sampling te_‘:hrﬁaueypounds. Starting from experimentally available parameters
and a shifted & 44 grid with 12 and 16 points in the e have performed structural relaxations to optimize both
irreducible Brillouin zone of NaAlj and NaAlHg, respec-  the forces and stresses. The residual force and stress in the
tively, was found sufficient. The self-consistent total energyequilibrium geometry are of the order of P(Ry/a.u. and
was converged up to I®Ry. In order to study the thermo- 1073 GPa, respectively.
dynamic stability of complex hydrides involved in the  The calculated GGA lattice parameters and internal pa-
chemical reactions in Eq$l) and(2), the total energies of rameters are listed in Tables | and Il for NaAlknd «
both Al and NaH and molecular Hvere also computed with -NagAlH g, respectively, together with the experimental val-
the same scheme. ues. The calculated lattice constants are 0.5-2.5% larger
Since the Kohn-Sham eigenvalues in the LDA or GGAthan experimental values, which is typical for the GGA ap-
approximation do not give the quasiparticle energies corproximation to DFT. The internal parameters in our relaxed
rectly, we use GW approximation to the many-body pertur-geometries compare well with the available neutron scatter-
bation theor§” 28 to provide corrections to the quasiparticle iNg data:®'* In order to further asses the effects of the
dispersion in these two hydrides. The cutoff energy was sefxchange-correlation approximation and the pseudopoten-
to be 42 Ry, and a% 4 X 4 (2 X 2 X 2) Monkhorst-Pack grid tials, we have also studied structural properties of both com-

. pounds using the local density approximatidrDA) and

Itf] usecli folr t'\.laAIH (N.%ﬁlﬂﬁ)'lg%eg su(;e theh(_:or? \_/ergencytﬁf tested the importance of the Ab3onlocal pseudopotential.

3 elga_cu a |o?,r\]/ve mcg € £ val an SBWOIIC VI\? molre | aBrable 111 lists the percentage difference of the computed unit-
—10 times of the number of valence bands. We calculatedle)yo1yme using these different schemes compared with

the static dielectric matrix within the random phase approxi-eynerimental values for both NaAjHand a-NasAlH . The

mation (RPA) and use the generalized plasmon-pole modegypjicit inclusion of the Al 2 nonlocal pseudopotential en-

every case. As will be shown later in Sec. IV, the Al &ate
Il. CRYSTAL STRUCTURE does participate in the bonding in the AlHtomplex and

] ) needs to be treated on equal footing asa®d P. GGA
NaAlH, crystallizes in a body-centered tetragonal struc-consistently yields a larger volume than experiment, while
ture having thel4,/a space group, while-Na;AlHg has @ DA consistently gives a smaller volume than GGA. We
monoclinic crystal structure with thB2,/n symmetry. The notice that GGA yields a better volume for NaAjHwhile
structures were confirmed by x-ray diffraction the LDA volume is closer to experiment farNagAlH ,.
experiments®!?> and neutron scattering data for
NaAIH(D),,12 and by a combined x-ray and neutron diffrac- IV. ELECTRONIC STRUCTURE

tion analysis fora-NasAlH (D)g.1* The crystal structures of The energy band structure of NaAjlis shown in Fig. 2.
NaAlH, and NgAlH; are illustrated in Fig. 1 where Al-H It exhibits a rather large energy gap of about 4.9 eV between
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TABLE Il. Comparison between calculat¢@GA) and experi- 10 —
mental lattice and internal parameters for monocliaitNasAlH g ] @ “%/\/
(space groupP2,/n). Lattice constants are in A and angles in 8 | J
degrees. ] W\%Zig
. 6] % &%
Lattice parameters a b c B — | T~
4 —
This work 551 5.67 7.91 89.90 = N
Expt@ 5.390 5514  7.725  89.86 T 2
: ]
Internal parameters X y z =0 _:§ . ?ﬁ/
] § - T
2 |
This work ] 1 ]
Na -0.008 0458  0.253 4] /
H1 0.095 0.045 0.212 .
H2 0235 0333 0541 6] T~
H3 0.158 0.262 0.940 ]
Expt2 Z A T A XWPp o N r
Na -0.006 0461  0.252 FIG. 2. Energy band structure of NaAJHThe energy zero is set
D1 0.091 0.041 0.215 at the top of the valence band.
D2 0.234 0.328 0.544
D3 0.165 0.266  0.944 band structure obtained in this pseudopotential calculation is
in agreement with that from the LAPW calculatién.
“Ref. 14. A calculation of the total and projected density of states

(DOS), shown in Fig. 4, reveals some interesting features.
valence and conduction bands, indicating that the compoun@he angular-momentum projected DOS is evaluated by inte-
is a wide-gap insulator. This value is consistent with thegrating over spheres centered at each atom with a radius of
previously reported GGA band gap of 5.04 €Ref. 7) and 1.5, 1.53, and 3.0 a.u. for H, Al, and Na, respectively. The
LDA band gap of 4 e\P.To provide a more accurate descrip- choice of the H radius is made based on the charge distribu-
tion of the quasiparticle spectrum, we have also carried out gon around H in order to catch the charge transfer to H. The
calculation of the self-energy correction using the many-adius of Al(1.53 a.u). is then chosen according to the Al-H
body perturbation theory with th& W approximation which  pond length, which may be too small to catch all the charge
is particularly successful in predicting accurate values of enaround Al, but the distribution of the angular-momentum de-
ergy band gaps for insulating materidl€8Fig. 3 shows the compositions should still provide valuable information. Fi-
GW correction to the calculated GGA eigenvalues. The vanally the radius of Na is chosen to cover as much of the
lence bands are shifted down by 1-2 eV to lower energiednterstitial region as possible based on non-overlapping
while the conduction bands are shifted up by about 1 eV taphere.
higher energies. Therefore, the quasiparticle band gap is es- It can be seen in Fig. 4 that the valence bands are domi-
timated to be about 6.9 eV. nated by Hs contributions, while the conduction bands

The eight valence bands in Fig. 2 have a width of abouimainly by Na(and to lesser extent Aempty states. Na has
6 eV, and are split into two disjointed groups consisting of

two and six bands, respectivelgNote that there are two 2 - - .
chemical units and 16 valence electrons per unit)cElese
two groups do not overlap in energy and have a similar width 1F
of about 3 eV and an electron population ratio of 1:3. The EN
e O
8
TABLE lll. Percentage difference of the calculated unit-cell vol- F r
ume compared with experiment for different exchange-correlation 5 -1r _
and pseudopotential schemes. Potertialcludes the Ad nonlocal ;’ r &d@g,@@/
potential explicitly, while potentiaB does not. @ 20"
PotentialA PotentialB Bt L L
-5 0 5 10
GGA LDA GGA LDA GGA Energy (eV)
NaAlH, +2.8% -7.6% +5.9% -4.6% FIG. 3. Quasiparticle&SW correction to the GGA energies for
NagAlH ¢ +7.6% +0.4% +9.8% +2.7% the band structure of NaAlH Valence bands are shifted to a lower

energy and conduction bands to a higher energy.
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NaAlH, 4 Total Charge Density
1 T 1 1 T
2r H-s l 3F .
1t 2 .
/3-/\ Y . 1+ .
—Al-s 3 0 - -
¢ 0.10¢ L IAp g 7l |
2 Al i
£ o005}
» " - E
5 Dok 2f 0@ D ]
% 0.4} —Na-s -3 a 1 N 1 . 1 @
é [ INap
0.2} Difference Charge Density
/\N‘_"h" 4 T r T r T r T v T
aF : ey 3k 4
Total |
3+ 2L i
2[ |
1} /\}\ T )
. s [ I
-10 5 0 s O LS IR ]
i oy \ TN A
Energy (eV) At - }0.0&_’,‘ \, -
FIG. 4. (Color onling Electronic density of states and angular -2 ‘/_0\\ S oo ;&U()(S/O'\
momentum projections for NaAlH The radius used to calculate the -3 @ IR T K@\
angular-momentum decomposed density of states is 1.5, 1.53, and -4 2 Y 2 4
3.0 a.u. for H, Al, and Na, respectively. (a.u)

C . S FIG. 5. (Color onling Total and difference charge-density plots
hardly ar.]y projection in the occupied states, !ndlcatlng theof NaAlH4 in a plane with Al and two H atoms. Top: The total
fact that |t_plays the role as an eIectrqn d_ono_r in the SVSte”l:harge density represented by contours in an interval of
In comparison, H has hardly any projection in the range ofy g5 ejectronsta.u?). Bottom: Charge deficiency in the difference

the empty states shown in Fig. 4. The first two valence bandgot is plotted in dashed lines, while the density increase near the
are derived from Hs and Al s orbitals, while the next six hydrogen atoms is plotted in solid lines with an increment of

bands in the higher-energy group are mainly frors &d Al 0.006 electrong.u?) toward the hydrogen centers.
p states. This does suggest that hybridization occurs between
H and Al orbitals. However, the weighting of siis consid- ~ and hydrogen negatively charged. The charge density maxi-
erably larger than those of Alor p. These features pointto Mum near the H atoms is of the order of
a highly-ionic covalent bonding of hydrogen and aluminum©-26 electronsia.u)?, while the maximum in the difference
in the anion complex AlR. This can be understood from the charge density plot is 0.09 electrofiaiu)®. It is noted that
difference in the electron negativity for H and .1 versus  the zero charge density difference line forms a closed con-
1.5). The ratio of 1:3 between the number of electrons hy-tour around H, leaving a large interstitial region with a nega-
dridized with Al s and p is consistent with the tetragonal tive density change. In other words, the deep proton potential
coordination in the complex. easily attains electrons from the whole interstitial region.
The electronic structure can be further analyzed by examMoreover, the positive contours in the difference density plot
ining the charge distribution and charge transfer in the AlH is not exactly centered at the hydrogen site and is distorted
complexes. We plot both the total charge dengity and the ~ toward Al, and the largest decrease in density near Al occurs
difference charge densitigs(r) in the plane containing Al in & region in the back of the Al-H bonds. These features
and H atoms of a single Al complex. The difference SUPport a covalent type of bonding but with a large ionicity.
charge densityy(r) is defined as the difference between the, The situation is similar to that of semiconductors with
total charge density of the solid and a superposition ofoNiC covalent bonds. For the octéB crystal family (e.g.,

atomic charge densities with the same spatial coordinates &33AS, ZnSe, etgwhere the bonds are fully saturated, a con-
in the solid. i.e., nection has been established between the “charge transfer

and the structure. It has been recognized that with increasing
_ _ [ _ D charge transfe(measured by an ionicity scajea transition
pall) = (1) 2 Paton” ~Ri), & exists from the fourfold coordinated structure, such as zinc

blende and wurtzite, to the sixfold coordinated structure,
where the sum is over all the atoms. Figure 5 shows sucbuch as rocksalt that is characterized by an ionic bontfing.
plots in the plane containing one Al and two neighboring Hin the AIH, complex considered here, a significant charge
atoms in the AlH complex. The buildup of the electron den- transfer is identified, but it is not large enough to destabilize
sity at the H positions is clearly visible in the total chargethe fourfold coordinated structure.
density plot, while the difference density plot shows the Based on these results the schematic representation of the
charge transfer from Al to H leaving aluminum positively bonding in the AlH unit is shown on the left-hand side of
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(AlH) (AlHy™ 2 ; . ;
Tetrahedral Octahedral r O
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FIG. 6. Schematic representation of orbital hybridization and the 3 | e
occupation of bonding orbitals for botbAIH )~ and (AlHg)™3 -5 0 5
complexes. GGA Energy (eV)
Fig. 6. The Al 3 and 3 states hydridize with the I4 state FIG. 8. QuasiparticlaGW correction to the GGA energies for

separately, forming two bonding states with a degeneracy qfe hand structure of NAIH. Valence bands are shifted to lower
two and six, respectively. They are occupied by the eighknergy and conduction bands to higher energy.
valence electrons per AlHcomplex. The covalent bonding

is highly ionic, similar to that in, for example, II-VI semi- the spheres do not overlap. Finally the radius of Na is chosen

conductors. The perfeatp’ degeneracy is lifted, which is to be 2.7 a.u. in order to cover as much of the interstitial

possibly responsible for the distortion of the tetrahedral AIH region as possible. Similar to NaAlHthe valence band is

complex away from a perfect tetrahedron. The ideal tetrahe- . . . .
dronpis charaZterized kI)Oy a H-A--H angle of 109.5°, while in predominantly H derived and conduction bands are mainly

. . . - empty states associated with Na, indicating again a clear
the AlH, unit distortion yields two sets of angles of 107.3 charge transfer.

For this compounds the valence band is split into three
%roups consisting of two, six, and four bands, respectively.

of a-NagAlH ¢ with a GGA band gap of 2.7 eV and a valence Note that there are two chemical units and 24 valence elec-

band consisting of three groups separated by finite gaps. T ons per unit cel).H s characteristics dominate in all of the

GW correction is shown in Fig. 8 where the top of the va- three groups of valence states, which turn out to have dis-

lence bands is shifted down by 1.0 eV, while the bottom of.. : L .
the conduction band is shifted up by 0.9 eV. This gives tinctly different Al characteristics. It can be clearly seen in

. o . %he decomposition around the Al site that the lowest-energy
;g]raltr?gsaesli?)rrﬂdgu%?jp z:r]:a4.s6h§v\\iﬁ Ti:e ;Iecgoniﬁc:agiﬁ pltOhtZgroup is associated with A the next one associated with Al
P 9. 9 9 and the top group associated with é&| with a ratio of

angular-momentum decompositions with atomic radii choser) .
in a similar manner as in NaAlH The radius of the H sphere rglectron occupancy of 1:3:2. Therefore, one can understand

is again set to be 1.5 a.u. and the radius of the Al sphere is

chosen to be 1.8 a.u. based on the Al-H bond length so tha Na,AlH,
5t ! ' v o]
107 gt = af T Z
] o=
B AN 5 = 2| -
K] | — h : . e
S S SN ST —E
, =11\ :‘\,/>% /-4 g 04 2:5
E: 7 I~ : ; X/ g 0.2 . w
— [ + - — P
% 2 ] %‘ 0.6 Na-s
~ 1 = Na-p
& 04 I I i 8 o4
. DT~ 02 M m haaand
eSS e
] N > N LA Total

. Efﬂiwﬂ it

1 0 10
-8 Energy (eV)

R

-10 YWC  ZATL AUE Z DVE A FIG. 9. (Color onling Electronic density of states and angular
momentum projections fag-NagAlH . The radius used to calculate
FIG. 7. Energy band structure of BlelHg. The energy zero is the angular-momentum decomposed density of states is 1.5, 1.8,
set at the top of the valence band. and 2.7 a.u. for H, Al, and Na, respectively.

165105-5



PELESet al.

Total Charge Density

2L

40

(@u)
@
T4

(a.u)

N -

g8
=]

PHYSICAL REVIEW B 70, 165105(2004)

TABLE IV. Reaction energies for the dehydrogenation processes
calculated for the relaxed structures in units of kd/mol.

This work Expt.
NaAlH, — sNagAlH g+ A1+ H, 31 3@, 37
NagAlH g— 3NaH +Al+3H, 56 47
NaAlH,— NaH+Al+3H, 49 53
aRef. 30.
bRef. 31.

charged H, indicating a rather strong ionic character of the
chemical bonding. The charge density maximum near the H
atoms is about 0.26 electroria/u)®, and the maximum in
the difference charge density plot is 0.09 electrg¢ass)?.
Interestingly, these numbers are identical to those in NgAIH
Close inspection of the difference charge plots of the hydro-
gen anions again shows slight distortion of the charge den-
sity contours from the circular shape. In fact the contours are
somewhat elongated and have slightly more charge buildup
along the Al-H direction, indicating the presence of orbital
hybridization. From the difference charge plot, we do not
find the covalent bonding between H atoms as suggested by
Vajeestonet al1®

V. FORMATION ENERGY

Thermodynamic stability of complex hydrides NaAlH
and NaAlH g depends on its formation energy through reac-
tions in Egs.(1) and(2). These reaction energies calculated
for the lowest-energy structures are summarized in Table IV,

as well as the energy of a direct decomposition of NaAtit

FIG. 10. (Color onling Total and difference charge-density plot NaH metal hydride, Al metal, and Hgas. The energy of
of NagAlH in the equatorial plane of the Ajcomplex. Top: The  each species is calculated using the same pseudopotentials
total charge density represented by contours in an interval ofpotential A in Table Il) and the same energy cutoff with
0.02 electrong/a.u?). Bottom: Charge deficiency in the difference GGA. The energy of a free Hmolecule was computed in a
plot is plotted in dashed lines, while the density increase near thﬁarge cubic cell of a 15 a.u. side length. NaH metal hydride
hydrogen atoms is plotted in solid lines with an increment of and Al metal both crystallize in face-centered cubic structure
0.01 electrons/a.u?) toward the hydrogen centers. and their respectivEm-3m space group geometry was con-

sidered in energy calculations. The calculated total energies

the bonding within the complex based on the schematic diafor the individual species are as follows: -23.9533,
gram in Fig. 6. Within the AlH octahedron with H ions —-41.1650, —4.1443, -2.3294, and —4.3006 Ry for 2NaAIH
sitting at the corners, the fivefold degeneracy of Al@bit-  2NaAlHg, Al, H,, NaH, respectively. It is expected that the
als will split, due to the crystal field effect, into a threefold error of these calculated results is of the order of
tyy and a twofoldey orbitals. In the octahedral symmetry the 5—-10 KJ/mol. The largest source of error in our calculation
€, orbitals point directly from Al to the corner H atoms and comes from the energy calculated for the hydrogen molecule
could hybridize with Hs orbitals, yielding a fully occupied H, where the density functional approach results are known
bonding state. This interaction with Allorbital was not con- to depart from the exact or measured value. The positive
sidered in the analysis of the Ajrtomplex in the previous values in Table IV suggest endothermic dehydrating reac-
calculation of LEAIH .16 In comparison, the Bgicomplex  tions which are not thermodynamically favorable at zero
has never been observed. This octahedral configuration magmperature and can be induced at elevated temperatures.
not be favorable for B, because of the large energy differenc&he calculated result of 31 kJ/mol,Hbor reaction(1) com-
between the @ and Z/p bonding states. pares reasonably well with the experimental enthalpy of

Figure 10 shows the electronic charge distribution of the36 kJ/mol obtained for undoped NaAlHas described in
octahedral Al complex in the equatorial plane consisting Ref. 30. These results are also in good agreement with ex-
of Al and four H atoms. As in the tetrahedral Ajldomplex  perimentally determined enthalpy changes of the reaction
discussed above, substantial electron gain at the hydrogemocesses catalyzed by Ti, namely, 37 and 47 kJ/mol for
position also occurs in the AlHcomplex. In both complexes reactions(1) and (2), respectively, and 53 kJ/mol for the
Al is positively charged and surrounded by negativelydirect decomposition of NaAl#*!
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VI. SUMMARY AND CONCLUSION transfer from Al to H atom is similar in both AliHand AlHg

The structural, electronic and stability properties ofcomplexes. The bonding within the AlHand AlHs com-
NaAlH, and NaAlH; have been calculated and analyzed.plexes involves the hybridization between Al and H orbitals,

Structural parameters including the lattice constants and iUt shows a strong ionic character. In the Alebmplex, Al

ternal parameters within the respective space groups we®@andp orbitals hybridize with the + orbital, while in AlHg

calculated and agree well with the experiment. The hydrogef d orbitals split due to the crystal filed effect and tag
positions in NaAlH in particular are very close to the deu- components also hybridize withgHleading to an additional

terium positions obtained in the neutron diffraction measure9"oup of bands. Total energy calculations are used to esti-
ment at 8 K. The volume of the unit cell calculated with the Mate the enthalpy change in the chemical reactions associ-

GGA and LDA approximations with and without the explicit ated with the hydration/dehydration processes. The calcu-

nonlocal Ald pseudopotential shows a broad diapason o
variations as high as-10% of the experimental values. With
the Al nonlocald potential explicitly included in the calcu-
lation, the best calculated volume for NaAlHs obtained
with the GGA approach, while LDA gives a better unit-cell

fated values are in good agreement with measured values.
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