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1. Introduction

The close relationship between the atomic arrangement in a
solid system and its electronic properties [1, 2], makes the
theoretical determination of its crystal structure an important
step towards predicting its physical properties. In predicting
crystal structures there are in general two classes of structural
degrees of freedom to consider: the decoration of each of
the N lattice sites by atoms of type A, B, etc (requiring
a ‘configuration search’), and the selection of lattice type
(requiring a ‘lattice-vector search’). There are thus two
corresponding search problems:

The configuration search problem corresponds to the
classic generalized Ising problem on a given Bravais
lattice [3, 4
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of the end-point constituents. For example, whereas both Cu
and Pd are fcc, their equimolar intermetallic Cu–Pd has the
bcc-based B2 structure [33, 35, 36]. Similarly, whereas solid
Al is fcc and Sc is hcp, their equimolar intermetallic Al–Sc
has the bcc-based B2 structure [33, 35, 36]. Both in the first
and second types of systems the compounds mentioned are
based on decoration of a Bravais lattice or of a hcp lattice by
A atoms and B atoms. Thus, such systems can be described in
principle by a cluster-expansion approach, however for a few
lattice types, one at a time (fcc for Al3Sc and CdPt3; hcp for
AlSc3; bcc for CuPd and AlSc).

A third group of systems with difficult to guess lattice type
is the intermetallic compounds ApBq whose structure cannot
be described as decoration of a simple parent Bravais lattice.
Such is the A15-type structure of PdTi3 [33], where the Pd
atoms are located on the sites of a bcc sublattice, while the Ti
atoms form pairs located at the faces of the conventional cubic
cell with Ti pairs located on opposite faces of the cell parallel
to the Cartesian axes.

3. Evolutionary procedure for predicting
crystal structures

3.1. General scheme

Our approach to the GSGO problem of solids has been
described previously [32]. It builds upon developments
of recent works [29–31, 37] but represents an independent
implementation and code. While the present paper emphasizes
applications, for the sake of completeness, we give a brief
account of the algorithm, depicted in figure 1 as a flowchart
diagram. The search method uses a sequence of ab initio
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population from the j th one, a structure is discarded if the
atoms are too close to each other, the unit-cell angles are too
small, or the lattice vectors are shorter than the typical bond
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with the same fcc lattice type. The intermediate Au–
Pd compounds also have fcc lattices like the constituents.
Hence, predicting the most stable AupPdq crystal structure
is a configuration search problem that corresponds to finding
the lowest-energy decoration of the given fcc lattice at this
composition. The ground-state structures of the Au–Pd system
have been investigated by Barabash et al [16] via an ab initio
cluster-expansion (CE) approach, followed by an exhaustive
enumeration [9] of all AupPdq
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energy of about 1 meV/atom. (We find that using a k-point
grid with a resolution of 2π × 0.02 Å

−1
or higher makes the
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a3 = a(0, 0, c/a). Atomic positions (Wyckoff positions
and fractional coordinates): A(1), ( /,,
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