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Abstract

First-principle studies of the electronic structure of LaNijrfblr x = 0, % % 1 andg are performed using the spin-polarized tight binding

linear muffin-tin orbital (TBLMTO) method. These compounds crystallize in the ZrNiAl-type crystal structure. For LaNiln, a gap occurs
(between-5.0 and 4.2 eV), below which the s-states of In and Ni atoms are present. In the energy rangd f2@¥ toEF, there is a large

number of electronic states with mainly La 5d, Ni 3d and In 5p character. The doped hydrogen atoms change the electronic structure. Lov
concentration of hydrogen (< %) gives the additional H 1s band in the lower part of the valence band in4ti@and—6.0 eV region which

destroys the energy gap. With increasing hydrogen content for, 2 the H 1s band broadens-1.5 to —8 eV). The calculations of the

density of states at the Fermi level show that the studied materials have metallic character.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction does not influence the crystal structure of these compounds.
In contrast the hydrogenation influences some physical
The most attractive aspect of metal hydrides from a properties. For example hydrogenation of CeNiln induces
technological point of view is their potential use as energy the cerium valence transition from the intermediate to
storing materials. RTX intermetallics (R =rare earth metal, the trivalent state and induces ferromagnetic properties
T =transition metal and X p-electron element) are between [4].Proton magnetic resistance studies suggest that H atoms
compounds for which influence of the hydrogenation on the occupy the 4h and 6i sitd$,6] while X-ray and neutron
electronic and magnetic properties is intensively studied. diffraction studies[3] of RNilnD1333x (R=La, Ce, Nd)
RNiln compounds crystallize in the ZrNiAl-type structure compounds show that deuterium occupies the 4h site, located
(space groupP62m) [1] and can formally be considered on the three-fold axis of the fRli tetrahedra. The calcula-
as a layered arrangement with a repeated stacking of twotions of the electronic structure of ideal and fully saturated
different planar nets of compositiorsRi»> and Nilnz along hydrides with composition RNilnids33 (R =La, Ce, Pr, Nd)
the [001] direction of the hexagonal unit cell. LaNiln, compounds, based on the full-potential linear muffin-tin
CeNiln and NdNiln activate by hydrogen form the stable orbital, give the results which indicate a bonding between
LaNilnHz9, CeNilnHp g and NdNilnH 7 compounds Ni and H atoms and a weak metallic bonding between
[2].Crystal structure of deuterides RNilROR = La, Ce H—H [7-9].This work reports calculations of the electronic
and Nd) determined on the basis of high-resolution powder structure of the LaNilnKl compounds forx = 0, % % 1, %
X-ray and neutron diffraction data is also the ZrNiAl-type Because the calculated partial density of states is a useful tool
[3]. These results indicate that hydrogenation or deuterationto analyse the nature of chemical bonding in solids, from this
data the influence of the doped hydrogen on the electronic
structure is determined. The data for pure LaNiln were
compared with the X-ray photoemission spectroscopy (XPS)
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2. Experimental details and results

The X-ray photoemission spectra (XPS) were obtained at
room temperature using the Leybold LHS10 electron pho-
toemission spectrometer with Mga(hv =1253.6 eV). The
binding energies are referred to the Fermi levét & 0).

The electronic structure was studied by self consistent tight-
binding linearized muffin-tin orbital (TBLMTO) method
[10]. The band calculations were performed within local spin
density approximation (LSDA) for the exchange correlation
potential in the form proposed by von Barth and Hedin
[11] and Langreth and H[12]. The TBLMTO calculations
were performed for 460-816 K points in the irreducible
Brillouine zone. For the LaNilnKH systems, the band
structure calculations were based on the crystal structure de-
termined in Ref[3] in which the atoms occupy the following
positions:

e Laatomsin 3gsitexy, 0,3; 0,x1, 3; X1, X1, 3; x1 ~ 0.595

e Niatoms in 1b site: 0, 03 and 2c sited, ,0; %, 3,0

e |n atoms in 3f sitexy, 0, 0; 0,x2, 0; x2, x2, 0; x2 &~ 0.25

e Hatomsin4hsite3, 3,z 3,%,7:3,1,2 3, 3.z zchanges
from 0.587 forx = 0.48 t0 0.676 forx = 1.22[3].

ENERGY (eV)

The values of the lattice parameters and the positional
parameters, x2 andz reported in Ref[3] were used. The

calculated band structures of LaNilpforx = 0, 1, 2, 1and

4 are shown irFig. 1 The data for = 0 and$ are similar to
these reported in Reff7]. For LaNiln three low-lying bands
originate from In 5s and Ni 4s electrons. Hybridized In 5p,
Ni 3d and La 5d bands are present in the energy range from
—3to—1eV. Near—4.5eV, the energy gap is observed. The
introduced hydrogen atoms give the additional s-band. For
x < % this band is in the region of In 5s and Ni 4s bands and
does not destroy the energy gap but larger H concentration
leads to disappearance of the energy gap.

The calculated partial and total density of states (DOS)
for LaNilnH, for x = 0, 3, 3, 1 and$ are shown irFig. 2
The results obtained for pure LaNiln indicate that the va-
lence band is predominate by well-localized band &6 eV,
which originates from the Ni 3d electrons. In the energy range
—4.2 eVtothe Fermilevel, alarge number of electronic states LaNilnH_ x=4/3
of mainly La 5d, La 6s, Ni 4s and In 5p character is present. i

r K M r A L H A
The states are energetically degenerated, which implies that
itis possible to form covalent Ni(1b).a, Ni(2c)-La, La-In, Fig. 1. Energy bands [E(K)] for LaNilnH(x = 0, §. §, 1 and$). High-
Ni(1b)—In and Ni(2c)-In bonds. The interatomic Ni(1bBIn symmetry directions in the Brillouin zone are marked. The Fermi energy is

and Ni(2c)-In distances are much shorter than Ni¢2ca[3]. setto zero.

Hence the formation of covalent bonding between Ni(1b)
or Ni(2c) and In is favorable both from energetically and peaks at 6 and 8 eV correspond to the In 5s state and impurity
spatial point of view. Betweer-4.2 and—5.0eV, the gap oxygen on the surface.
occurs, below which the In 5s states form a narrow band. The In general, hydrogen atoms introduced into the LaNiln
unoccupied La 4f states are found in the conduction band matrix modify the electronic structure of most compounds
region about 2.5 eV abovEg. These results are compared by the creation of metal-hydrogen bonding states. The den-
with the experimental datdig. 3 shows the XPS valence sity of states of the compounds with< %give the additional
band of LaNiln. Near the Fermi level (about 1 eV), the peak H 1s band in the lower part of the valence band in the energy
corresponding to the Ni 3d band is observed. Two additional region between-4.0 and-6.0 eV. The increase of the hydro-
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Fig. 2. Partial and total density of states for LaNilngt = 0, 3, 2, 1 and3). The Fermi level is located dr = 0eV.

gen contentX = 1, 2) causes the broading of the H 1s band increasing hydrogen content the width of the energy gap de-
between-1.5 and—8 eV. These implying a possible covalent Ccreases also down to zero for= 1. The obtained results

bonding contribution for the NiH, La—H, In—H and H-H
atoms. Another interesting consequence for the DOS uponinfluence the Ni 3d, La 5d and La 6s bands.The total den-
hydrogenation is that the In 5s states broaden as a results ofity of states near the Fermi level form a broaden peak. The
the reduced interatomic distance between Ni and In. With calculated density of states at the Fermi level changes from
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Fig. 3. XPS spectra of the valence band of LaN

iln.

indicate that the doped hydrogen atoms practically do not

8.42 states/eV f.u. for = 0 by 6.83 states/eV f.u. for = ,
9.87 states/eV f.u. fox = % 7.98 states/eV f.u. far =1

and 6.75 states/eV f.u. far= %. This results, which suggest

a slight change of the density of statekatare in good agree-
ment with the results of the NMR studigk3]. These result
suggests metallic character of all these compounds. Simi-
lar conclusions on the metallic character of the isostructural
RNilnH1 333 (R=La, Ce, Nd) are reported in R¢T].

3. Conclusion

We have investigated the influence of the doped hy-
drogen on the electronic structure of the LaNinkk =
0, 3. 2, 1, ) compounds with the ZrNiAl-type crystal struc-
ture using self consistent TBLMTO method. Our studies al-
low to draw the conclusion that the H atoms introduced into
the RNiln matrix change the electronic structure of the com-
pound. The obtained data were analyzed with regard to the
change of the crystal structure with increasing of H content.
According to the X-ray and neutron diffraction d@8in the
LaNilnH4 33 compound, hydrogen atoms are located inside
the LagNi tetrahedral that share a common face to form trigo-
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