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The electronic properties of the ordered LiA1 crystal are studied within the self-consistent (non-muff-tin)
numerical-basis-set approach to the local-density formalism. The material appears to be electronically a
semimetal with an electron pocket near X {along 5}and a hole pocket at I . The band structure and density
of states have characteristics similar to that of the tetrahedrally bonded IV-IV semiconductors (LiA1 has a
T„site symmetry); however, the indirect I »-X& band gap (which decreases progressively as one goes along
the diamond, Si, Ge, and a-Sn series) becomes negative in LiAL A study of charge redistribution efFects

indicates that while the Li-Al bond is an ionically polarized covalent bond, the Al-Al bonds are metalliclike

and the Li-Li bonds are essentially nonbonding. %ave-function population analysis indicates that the bottom
of the occupied valence band is of predominantly Li 2s character (hybridized with Al 3s), while at higher
energies the Li 2s character is reduced in favor of' the Li and Al p character, which are dominant around the
Fermi energy. The main intrasitewharge-redistribution effects involve pronounced Li 2s to Li 2p promotion

(with a smaller s-p promotion on the Al site) while the intersite {ionic) redistribution efFects are found to be
small. The observed trends in the measured Knight shifts (relative to the pure constituent metals) as well as
the small paramagnetism and its dependence on the Li concentration are discussed in terms of these bonding
efFects. The abrupt changes in the difFerential electrical resistivity at -100'K is tentatively assigned to a
structural. instability induced by electron-hole interaction efFects.

I. INTRODUCTION

We report in this paper a theoretical study on
the electronic structure of solid LiAl, the photo-
type of the 832 structure (Zintl-phase)' intermetal-
lic compounds. Recent interest in developing bat-
teries capable of high-energy density, ' has led to
the use of LiAl as anodic material due to its sta-
bility and relative high electrochemical activity.
The material crystallizes' in a body- centered-cu-
bic lattice made up of two interpenetrating diamond
sublattices of Li and Al (Fig. 1). Each atom has a
tetrahedral T, site symmetry and four nearest
neighboxs of each type, leading to a situation where
all Li-Li and Al-Al bond distances (which are equal
to the Li-Al distance) are some 10/q and 4% shorter
than in the pure Li and A1. metals, respectively.

Nuclear-magnetic-resonance (NMR) measure-
ments of the 'Li dipolar temperature line width

narrowing as well as AP' quadrupolar effects' '
have indicated over a wide temperature range the
presence of a substantial amount of Li vacancies
even in stoichiometric samples. The temperature
dependence of the dipole and quadrupole contribu-
tions to the linewidths and spin-lattice relaxation
rates suggests a very low activation energy of
0.13-0.15 eV for the sources of the fluctuating
dipolar fields and the electric field gradients in
the system [compared with 0.52 eV in pure Li
(Ref. 5) and 1.45 eV for the Li in Al (Ref. 7)].
This suggests that the vacancies do not have to
form thermally but that only their migration energy

is thermally induced. Such permanent vacancy
concentration seems to occur in other defect lat-
tices such as NiAl." Resistivity measurements"
on LiAl indicate weak metallic conductivity with an
abrupt increase in resistivity and change in the
slope with temperature for Li-deficient (i.e. , high-
er vacancy content) samples. Similarly, suscepti-
bility measurements"'2 have indicated a very low
paramagnetic contribution with a sharp decrease
towards diamagnetism for Li-rich samples.
Knight-shift measurements' have shown a drastic
decrease in both Li and Al shifts relative to
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mation to the crystal potential was made. We find
the system to show a semimetallic band structure
with a hole pocket arount I; and an electron pocket
along 4. The band structure is qualitatively simi-
lar to that of the diamond-type IV-IV tetrahedrally
bonded semiconductors with a substantial reduction
in the main band gape (in particular the I'»,-X, gap
which becomes negative). We use our resulting
band structure and density of states to suggest ten-
tative models for the observed anomalies in the
transport properties as well as to predict the (yet
unknown) features of the optical and x-ray photo-
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from self- consistency f I
h p(P) I

d r
To include in our treatment the full-site anisot-

ropies exhibited by p„„(r},we have to go beyond
the optimized superposition model. This is con-
veniently done by Fourier analyzing hp(F) [Eq. (()]
and solving the associated Poisson equation in re-
ciprocal space."'" Since the major charge-re-
distribution effects are already exhibited by the
superposition density, hp(P) is a smooth function
and gives rise to a rapidly convergent Fourier re-
presentation. " The interelectronic Coulomb poten-
tial due to hp(P) is then given by

hV(r)=g —,hp(K)e~",
K ~.

(6)

where the first 12 symmetrized plane waves
I K,)

are used. hV(P) is then added to Vsse+ V»c ob-
tained in the last iteration in the superposition
model and to the modified exchange-correlation
potential V„[p, (r)+ hp(r)], to yield the updated
crystal potential. The calculation is repeated so
as to reduce the differences hp( F) be'tween succes-
sive iterations. As the end of the SC cycle (eight
iterations), the -mispl



ALEX ZUNGER





ALEX ZUNGER 17

netic susceptibility as a function of Li concentra-
tion show an abrupt decrease in X from 50% to
52.5% Li. Nuclear-magnetic-resonance experi-
ments on the Li7 dipolar line narrowing with temp-
erature' indicate that samples of 50% and 52% Li
contain a concentration of about 2.4% and 0.3%%uo

vacancies, respectively, and that this concentration
is most temperature independent. Hence, it
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larger localization on the Al site than on the Li
site. Similar trends have been observed previously
in our study of diamond, "where the penetration of
charge into the
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tion at eth X' point of this band, where a Li 2s-
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