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Absence of volume metastability in bcc copper
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A previous pseudopotential total-energy calculation on bcc copper revealed a structural metasta-
bility in the form of a double-well total-energy curve with two local minima (at 6% compression and
7% dilation relative to the observed equilibrium volume of the fcc structure), separated by a barrier.
This was explained in terms of
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and involves a robust representation of short-wavelength
charge fiuctuations. Specifically, we use
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ticularly dramatic in metals whose s- to d-electron ratio is
small, e.g. , in fcc Pd a relativistic calculation gives
E, =5.05 eV, while a nonrelativistic calculation gives
3.95 eV (the observed value is 3.89 eV). This reflects the
changed occupation of s-like wave functions in the solid
relative to the free atom: The relativistic lowering of the
total energy is proportional to the s-electron content of
the system (since the s states have the largest weight
around the nuclei). This lowering E E—is smaller
in the Cu d' s' or Pd d' s free atoms than in the respec-
tive solids, where the ground state contains more s char-
acter (a hybridization effect). This reduces E, relative
to E, . These large errors largely reflect LDA errors in
the atoms. In general, we find that quantities which do
not involve directly atomic properties (bulk moduli, equi-
librium lattice constants) exhibit smaller LDA errors in
the 41 row than in the 3d row, e.g., for Pd we find
a=3.882 A (versus 3.887 A,



2702 Z. W. LU, S.-H. %'EI, AND ALEX ZUNGER 41

c 010
o a)

& oo5—

0.0

~—-0.05—I
Ee -0.10 '
o 0.0

fcc CU

at=3-754

a2=3.610A

a3-3.466k

~ ~ ~ I a a s a E

0.5 1.0 0.0
[110)Direction

I I

bcc Cu
a~-2.983A

a2-2.835k
a3-2.752k

\ I I

0.5 1.0
[100) Direction

0

(a)

40

=5.3

Diamondlike Cu
Valence charge density

a=5.895

FIG. 4. Volume-weight valence-electron charge-density
difference [Eq. (3)] for (a) fcc and (b) bcc Cu.

common features of pNs(r) in fcc and bcc Cu are the fol-

lowing. (i) The relative amplitude pNs(r)/p(r) of the non-

spherical density with respect to the total valence-
electron density are small in both cases, reflecting the
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but a small effect on pNs(r): it is slightly enhanced at re-
duced volume. To amplify the visual effect of the
response of the nonspherical charge to compression, we
show in Fig. 4 the volume-weighted density difference
suggested by KTMS, '

i..e.,
tI; I(r)=[P;(r)Q, —P (r)Q, )/N, (3)

where p, and p are self-consistently








