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Electronic Structure and Phase Stability of LiXnAs: A Half Ionic
and Half Covalent Tetrahedral Semiconductor
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The first electronic structure calculation of the ordered u, P, and y cubic phases of an "intersti-
tially filled tetrahedral compound" A'8" C" (where the 8" and C atoms occupy the normal zinc-
blende sites and A occupies one of the empty zinc-blende tetrahedral interstitial sites) reveals
strongly covalent (8"-C ) and strongly ionic (A'-C ) bonds in the same structure, superior
cohesion relative to the III-V analog (GaAs), and semiconducting (a and P forms) as well as me-
tallic (y form) behavior.

PACS numbers: 71.25.Tn, 61.60.+m

Most nonmetals constructed from interpenetrating
face-centered-cubic sublattices have chemical bonds
which can be characterized as ionic (I-VII com-
pounds), covalent (the IV-IV diamondlike semicon-
ductors), or intermediate (III-V and II-VI com-
pounds). Among these compounds, the "normal oc-
tet tetrahedral semiconductors" (e.g. ,
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FIG. 3. Differences in valence charge densities at
a = 5.92 A of (a) u-LiZnAs and GaAs and of (b) P-LiZnAs
and GaAs. Contour steps are 0.002 e/a. .u' Dashed con-
tours indicate negative values. The Li-As bonds are
highlighted by shading.

3 depicts the differences in charge densities
hp")(r) =p(I)(LiZnAs) —p(GaAs) for i =a and I8,
and a = 5.92 A. Notice the following features: (i) The
Zn-As bond in the a and P phases of LiZnAs [Figs
2(a) and 2(b)] is remarkably similar to the covalent
Ga-As bond in GaAs [Fig. 2(d); both exhibiting local
maxima along the bonds], whereas the Li-As bond is
almost purely ionic (with no maxima anywhere along
the bond direction). This material can hence be
characterized as strongly ionic and strongly covalent, at
the same time The io.nic

2(d);
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system into four classes according to the angular
momentum decomposition of their interstitial charge,
and use this classification to deduce the energy shifts
relative to 3'8"C . These are as follows: (i) States
with s character on the interstitial site next to the cation
(e.g. ,

'6 Xt, ). These states will move up in the P phase,
where this site is occupied. (ii) States with s character
on the intersitital site next to the anion (e.g. ,

' X3 and

Lt, ). These states move up in the n phase, where this
site is occupied. (iii) States with non sc-haracter on the
interstitial site next to the cation (e.g.„Lt,and L3, ).
These states move down in the P phase. (iv) States with
non scha-racter on the interstitial site next to the anion
(e.g. ,

' Xt, ). These states move down in the o, phase.
States with similar charge on both types of interstitial
sites (e.g. , I t, with s charge and I'tq, with non-s
charge) move in the same direction upon occupying ei-
ther sites (I t, up, I'ts, down). All of the expectations
suggested by the interstitial insertion rule'4 ts are met
by our calculated results (Fig. 4). This simple but
powerful perturbative rule suggests that the stable a
phase will have larger I »„-I t„I'»„-L„,and
I'ts„X3,band gaps than the GaAs analog, '7 but a
lower indirect I tq„Xt,band gap. This prediction
suggests that LiZnAs has a novel type of conduction-
band structure, not








