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In ordered L12-type A3B compounds, each A atom is coordinated by 8A + 4B atoms, while
each B atom is coordinated by 12A atoms. By symmetry, all A-A, A-B, and B-B bond lengths
are equal. When this structure disorders to form the substitutionally random Ap. 75Bp.gg alloy,
each atom acquires a distribution of diR'erent types of coordination shells. Concomitantly with
this reduction in site symmetries, (i) topologically different A atoms (and separately, difFerent B
atoms) can have unequal charges, and (ii) the various bonds need not be of equal average lengths
(8) (i.e. , (A~-~) g (R~ ~) g (R~ ~)). Furthermore, (iii) there can be a distribution of bond
length values around (R,~) for each of the three chemical bond types. In this work we study the
effects of such charge fluctuations (i) and relaxational fluctuations [(ii) and (iii)] on the electronic
structure of Gu3Au and Cu3Pd. The random alloys are modeled by the special quasirandom structure
(SQS), whereby the sites of a periodic supercell are occupied by A and B atoms so that the first
few radial correlation functions closely reproduce the average correlation functions in an infinite
substitutional random network. Instead of requiring that each atom "see" an identical, average
medium, as is the case in the homogeneous site-coherent-potential approximation (SCPA), we thus
create a distribution of distinct local environments whose average corresponds to the random alloy.
Application of a first-principles local-density method (linearized augmented-plane-wave method) to
the SQS then provides the energy-minimizing equilibrium relaxations, charge density, density of
states, and
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replacing the distribution of many inequivalent local envi-
ronments [Fig. 1(c)]by a uniform medium of identical "ef-
fective" sites with which atoms A and B interact. There
are but two distinct average potential functions (one for
A, one for 8). At each given composition all A atoms
(and separately, all 8 atoms) are taken to be equivalent.
Hence, in averaging over all local environments, the ho-
mogeneous SCPA removes all geometrical aspects of the
problem, retaining the average topology of the underlying
Bravais lattice. This leads to the assumption of (i) equal
average bond lengths Rg g ——R~ B ——RB ~ in the
disordered system and (ii) equal charge on all A atoms
(and separately, 8 atoms), irrespective of the chemical
identity of the sites surrounding the atom locally (e.g. , A
surrounded by A's are assumed to have the same charge
as A surrounded by 8's).

We have used instead a real-space description of the
geometry of the alloy: sites are occupied by A's and 8's
so that the radial correlation functions of a small super-
cell reproduce, by design, the first few (configurationally
averaged) correlation functions of an infinite, random
A~ 8 network at a given z. If one desires to mimic
deviations from perfect randomness (i.e. , short-range or-
der), the correlation functions of the special quasiran-

dom structure (SQS) can be fit to finite-temperature re-
sults obtained from a thermodynamic model. In either
cases, the electronic properties of such special quasiran-
dom structures 0 can then be solved by ordinary self-
consistent band-theoretical approaches. Hence, instead
of
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R+MuT ——1.302 A. A basis set of 70—90 LAPW's/atom
are used (equivalent to kinetic-energy cutoffs of 13.2 Ry
for Cu-Au and 16.7 Ry for Cu-Pd). During the self-
consistency i ter ations, the 8rillouin-zone summation was
done using 60 special k points' in the irreducible zone
for the fcc constituents and 20 special k points for the
ordered L12 structure. The calculations were carried out
scalar relativistically for Cu-Pd and Cu-Au, as well as
fully relativistically for the Cu-Au system. The densities
of states (DOS's) were calculated using the tetrahedron
integration method. ~ The resulting DOS's were then
smoothed using a Gaussian function with a full width at
half maximum of about 0.2 eV. The energy eigenvalues
were evaluated at 195 and 120 k points in the irreducible
Brillouin zone for the fcc and the L12 structures, respec-

tivelyy.

B. Results for the fcc constituents
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Figure 2 depicts the DOS of fcc elemental Cu, Pd,
and Au at their calculated equilibrium lattice parameters
(solid lines) and at the lattice parameters appropriate to
that of CusX (dashed lines). The scalar-relativistic (SR)
and nonrelativistic (NR) equilibrium lattice parameters
of the pure fcc solids are given in Table I. The calcu-
lated SR lattice parameters are seen to be within 0.4'
of the experimental values' for Pd and Au, while for Cu
(having the most localized d states) the error is 1.5%.
Our underestimation of the lattice
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III. ELECTRONIC STRUCTURE AND
PROPERTIES OF THE Llg ORDERED

COMPOUNDS

A. Formation enthalpies and lattice parameters

Table I shows the equilibrium lattice constants and
formation enthalpies for ordered CusAu and CusPd in

the L12 structure. The calculated SR equilibrium lattice
constants for CusAu and CusPd are within 0.5% and
0.1% of Vegard's rule

(3VC
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lattice parameter changes from the equilibrium Cu value
to the lattice
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IV. SQS DESCRIPTION OF THE RANDOM
PHASE

A. Structural information

We have previously applied the SQS method to study
the electronic structures at z =

2 for some intermetal-
lic systems and semiconductor alloys. Here, we will

apply the SQS concept to study the electronic structure
of z =

4 and to some extent, z =
&

intermetallic alloys.
We have previously specified the structure of the SQS at
z = 2. It can be described as an A~BpAgB2 superlattice
along the [113]direction. The z =

4 (or z =
4 ) alloy is

described by the SQS consisting of AsB2 layers
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finding from Eqs. (8) and (9) the Cu —Cu (or X—X) in-
terlayer distances parallel to G. We then layer these Cu
and X planes in the SQS, finding the











45 ELECTRONIC STRUCTURE OF ORDERED AND DISORDERED. . . 10 327

:(s)
'

2- BF

Pd LDOS in Cup 75 Pdp 25



10 328 Z. W. LU, S.-H. WEI, AND ALEX ZUNGER 4S

TABLE VI. Comparison of the density of states at Fermi energies for ordered L12 and random
CuqX alloys, in units of states/eV spin.

No S-O With S-O
Random, unrelaxed

No S-O With S-O
Random, relaxed

No S-O With S-O

Present
LMTO
LMTOb

0.123
0.128
0.142

0.124
0.129

Cu3Au
0.149 0.155 0 ~ 150 0.152

Present
KKR'

0.214
Cu3Pd

0..1 83
0.150

0.181

'Reference 30 using a non-self-consistent linearized muffin-tin orbital (LMTO) method within the
atomic-sphere approximation (ASA) and at the lattice constant of a = 3.748 A.

Reference 32 using a self-consistent LMTO method within ASA and the von Barth —Hedin exchange
correlation potential (Ref. 22) at the lattice constant of o, = 3.7426 A.
'Reference 56 using a self-consistent KKR-CPA method and the von Barth —Hedin exchange-
correlation potential at the lattice constant of o, := 3.681 A.

E. Explanation of relaxation effects
in Cup. 7~Au25 and Cup. 75Pdgs

The reason for these selective, relaxation-induced shifts
can be understood from Figs. 2 and Fig. 6,

567~Au25atNotheunrelaxedexchange-selective,relaxationenergiestheBarthoftheCu3Au—and—
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