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TABLE I. Coefficients [(k, (s)l of the expansion of the total energy (per 4 atoms) of ordered structures [s] in terms of k-body,
m-neighbor interaction energies J [Eq. (2)]. Here CuAu, Chalc. , CuPt, Luz, and Fam refer to layered tetragonal, chalcopyrite, lay-
ered trigonal, Luzonite, and Famatinite, respectively (see Ref. 4d for pictures). Corresponding ensemble-averaged (k (R) for the
random alloy at x =0.5 are also given.

Structure
Space
group Formula

Two-body

(2, 1 (2,2 (2, 3 (2,4

Three-body

(3, 1 (3,2 (3,3

Four-body

(4, I (4,2

m(s)
[me V/(4 atoms) l

LAP W Fit

CuAu
Ch ale.
CuPt
Luz
Luz
Fam
Fam

Random

P4m2
I42d
R3m
P43m
P43m
142m
I42m
F43m

ABC2
ABC2
ABC2
A3BC4
AB3C4
A 3BC4
AB3C4

A o.sBo.s C

16 0 —32 0
16 —4 —16 —16
12 —12 —24 0
12 0 —24 0
12 0 —24 0
12 —2 —16 —8
12 —2 —16 —8
12 —6 —24 —12

0 0 0
0 0 0
0 0 0

16 0 48
—16 0 —48

16 8 32
—16 —8 —32

0 0 0

0 —32
0 —16

—8 —24
—8 —24
—8 —24
—8 —32
—8 —32
—4 —24

1 1.5
9.8
7.5
8.4
8.7
7.3
7.7

11.4
9.7
7.5
8.6
8.6
7.7
7.7
7.0

the expansion coefficients); and (ii) at the same time,
~(s, V) can be independently calculated accurately for
periodic structures with use of first-principles band-
theory approaches. Specializing Eq. (2) to the set
cr = [s] and inverting this relation gives

jv

Jt, (V) = g [&k (s)] '~(s, V),
s ]

(3)

from which we obtain N interaction energies from calcu-
lations of the total energy functions of N structurally in-

dependent periodic systems. The set of N structures [s}
is selected so that (i) they exhibit at least all nearest-
neighbor local arrangements around a common atom C
expected to occur in the alloy [e.g. , A4 and 84 in the
zinc-blende structures, 2282 in the layered tetragonal
and chalcopyrite structures, 838 and 883 in the layered
trigonal, Luzonite, and Famatinite structures (see Table
I)]; (ii) they include the lowest-energy structures; (iii)
they exhibit ordering in all principal orientations: [001]
and [110] for the layered tetragonal, [ill] for the lay-
ered trigonal, [201] for chalcopyrite and Famatinite; (iv)
the set js] is converged in the sense that the [Jk ]'s cal-
culated from it can reproduce through Eq. (2) the in-

dependently calculated total energy ~(s', V) of struc-
tures s' not included in the original set. The Landau-
Lifshitz structures " ' of Table I satisfy the first three
requirements; we will show below by way of numerical
calculation that they also satisfy the fourth requirement.

We have calculated ~(tr=s) of Eq. (1) for nine or-
dered AI„Ga4-„As4 structures
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Comparison of ~(n,


