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Quantum architecture of novel solids
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Abstract. The current status of our understanding of Quantum Mechanics is that if
one specifies the chemical formula of a compound (e.g., CuAu, or GaAs, or NiPt) it is still
impossible to predict if this material is a superconductor or not, but it is now possible to
predict its crystal structure. This is a nontrivial accomplishment for there are as many as
2N possible structures for a binary compound. This article reviews this classic question of
structural chemistry and condensed matter physics: How can one figure out which of the
astronomic number of possible crystal structures is selected by Nature?

Keywords: Crystal structures, Local Density Approximation, cluster expansion, structural
selectivity
PACS: 61.50.Ah, 64.10.+h, 71.15.Ap

1 Introduction






A. Zunger, Quantum architecture of novel solids 91

Iy ;3fnﬁg;uﬁﬁm3wsunﬂ.-

T

SRR | I

s e b e A R L T
" I ﬂxh‘iﬁ; Farsshureissasdansnd st mﬁwﬂgﬁwmwmml

Fig. 1 Schematic illustration of how the LEGO idea works. See Refs. [4,5]
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Table 1 These calculations provide comprehensive state-of-the-art first-principles descrip-

tion of ground state structures, phase stability, and short-range order in these systems.
Pd-Pt [6] Ni-V [7,8] Cu-Pt [12,13]
Rh-Pt [6] Ag-Au  [9,10]

Cu-Au [11] Ni-Au [11]
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Fig. 2 Illustration for prediction (Ref. [12,13]) and subsequent verification of a new structure
for Cu-Pt.
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