
PHYSICAL REVIEW B VOLUME 44, NUMBER 7 15 AUGUST 1991-I



3388 Z. W. LU, S.-H. WEI, AND ALEX ZUNGER

alence of the various A sites can hence derive concomitant
fluctuations in the charge distribution on different A sites
and bond lengths. 2 '

The z =
&

alloy is described through the SQS-2 su-

percell considered previously; this structure can be
described as an AiB2AsB2 superlattice along the [113]
direction. The z = 4 (or z = &) alloy is described by the
SQS-~~ supercell consisting of AsBq layers stacked along
the [201] direction.
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a~ (A)

3.662
3.739
3.803
3.872

Cgq Q~
LAP&

1.046
0.988
0.947
0.903

Ceq Qg

Eq. (I)
1.044
0.992
0.949
0.905

error

0.2
0.4
0.2
0.2

TABLE I. Comparison of the tetragonal deformation
c,q(a~)/a~ for the I lp structure of the CuPd as calculated
for a, range of perpendicular lattice constants a~ by the
LAPW method and from the continuum elasticity [Eq. (I),

1 Cu Pdceq: g (cpq + ceq )j.
27

g 2.6
Z3

ccl 2.5—
Cu 0.2 0.4 0.6 0.8 Pd

Composition x
test it on CuPd in the I lo structure (a [001] superlat-
tice), where accurate LAPW energy minimization is eas-
ily performed. We compare the tetragonal deformation
calculated from Eqs. (1) and (2) for a series of externally
fixed a~ values, with those obtained from direct LAP W
total-energy minimizations. Table I shows that the elas-
tic model is remarkably accurate over a wide range of
deformations. We have next applied this elastic model to
the SQS, obtaining an initial guess for the relaxed atomic
positions. This is then refined by minimizing the LAPW
total energy with respect to all atomic positions. This is
done by calculating the quantum-mechanical forces us-
ing the method of Yu, Singh, and Krakauer, We find
that the fully relaxed geometry is rather close to that
predicted by the elastic model: the average bond lengths
changed by less than 0.5% and the total energy was re-
duced by less than 2 meV/atom. We find that the
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of equal bond lengths in the two phases.
We fitted the calculated Cu —Pd bond lengths at z = 4,

2, and 4 to a parabolic function. By extrapolating the re-
sult to the dilute limit z = 0, we found that there is a lat-
tice expansion of 2.0% around a Pd impurity (open circle
in Fig. 2), in good agreement with the extended x-ray ab-
sorption fine-structure (EXAFS) experiment showing a
2% expansion.

The top part of Fig. 3 compares the Pd local DOS in
the unrelaxed SQS for Cuo 7sPdp 25 with the unrelaxed
KKR-CPA results of Ginatempo et a/. : There is an over-
all agreement (except that the broad single structure cen-
tered around e~ —5 eV is split in our calculation into a
doublet).

The eA'ect of relaxation on the Pd local DOS is illus-
trated in the bottom part of I"ig. 3, displaying the dif-
ference between our relaxed and unrelaxed results. The
increase in the Cu —Pd and Pd —Pd bond lengths over their
common virtual lattice values (Fig. 2) removes intensity
in the density of states from the bottom of the band at

e~ —5.5 eV, result ing in much better agreement with
experiment. Interestingly, the efFect of relaxation on
the Cu LDOS is negligible; the more tightly bound (and
narrower) Cu d states are less responsive to bond defor-

mations. This is also evidenced by the fact that DOS
of pure fcc Cu shifts by less than 0.3 eV when the cu-
bic lattice parameter is changed from the values of 3.646
A(approximate to the alloy at z = &) to 3.739 A (ap-
proximate to the alloy at z = 2). The change in the
DOS of pure Pd under the same deformation is much
larger (0.7 eV).

We conclude that unlike the ordered Llg phase, the
random alloy has a distribution of bond lengths and
charges (neglected in current mean-field theories) and
that atomic relaxations expand the long bond (e.g. , Pd-
Pd in CuPd). This results in a substantial shift of
the bonding state to lower binding energies ( I eV in
Cup 7sPdp 2s) therefore removing
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