
VOLUME 87, NUMBER 16 P H Y S I C A L R E V I E W L E T T E R S 15 OCTOBER 2001
First-Principles Predictions of Yet-Unobserved Ordered Structures in the Ag-Pd Phase Diagram

Stefan Müller* and Alex Zunger



VOLUME 87, NUMBER 16 P H Y S I C A L R E V I E W L E T T E R S 15 OCTOBER 2001
structure has no name. None of these structures were ob-
served experimentally as yet. Remarkably, while Cu-Pt is
the only known binary material so far to appear in the
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FIG. 1. Ground-state diagram for the system Ag-Pd. Three
well-defined T � 0 structures are found for xPd � 0.25, 0.50,
0.75. The lower part shows the crystal structures of the ground
state found, and the inset shows the density of states of the
geometrically fully relaxed L11 structure.

The critical temperatures corresponding to the coher-
ent phase boundaries between disordered alloy and low-
temperature ordered compound were also calculated from
MC simulations to be Tc � 340, 320, and 270 K for x �
0.25, 0.50, and 0.75, respectively, and therefore, far below
the solidus line (T � 1235 K for x ! 0 and T � 1828 K
for x ! 1) [3]. These low transition temperatures explain
why, up to now, these three structures were not observed
experimentally. Unfortunately, there are also no short-
range-order measurements for the random alloy at higher
temperatures. As a possible motivation for future experi-
mental studies, Fig. 2 gives our calculated short-range or-
der (SRO) patterns at T � 500 K for x � 0.25, 0.50, 075.
The SRO patterns were calculated by using the MC method
for a fixed temperature and concentration. After the equi-
librium is reached, the thermal averages of spin products
�P̄K s h e l l l a xe dONEN
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(see, e.g., [23]). The question arises, how can this unsus-
pected result be explained ex-post-facto. Clark et al. [26]
described the existence of the L11 structure in Cu-Pt by a
coupling between electronic states at L and X Van Hove
singularities at the Fermi level, eF . Furthermore, they
suggest that L11 is stabilized over L10 by the fact that
at the Fermi level the d-electron density of states (DOS)
is lower for the L11 than for the L10 structure. Indeed,
we find that the DOS of L11 AgPd at eF (0.7 states�unit
cell; see inset of Fig. 1) is lower than that of the L10 struc-
ture (0.9 states�unit cell), in accord with the lower forma-
tion enthalpy of L11 over L10 (22 meV�atom, see Table I).
However, these results hold only for the atomically relaxed
structures. For atomically unrelaxed structures, the forma-
tion enthalpy of L11 is still lower than that of L1


