Long-range order instead of phase separation in large lattice-mismatch isovalent Ay, -By, Systems

Xiuwen Zhang, Giancarlo Trimarchi, Mayeul d’Avezac, and Alex Zunger
N'},Lon"lR,mw"';; l,aEn;g D, Te G.l.lf’m c,ol,q e § 0 3
(Received 1 October 2009; published 15 December 2009)

Large atomic size mismatch between compounds discourages their binding into a common lattice because of
the ensuing cost in strain energy. This central paradigm in the theory of isovalent alloys long used to disqualify
alloys with highly mismatched components from technological use is clearly broken by the occurrence of
stable spontaneous long-range order in mixtures of alkali halides with as much as 40% size mismatch (e.g.,
LiF-CsF). Our theoretical analysis of these failures uncovered a different design principle for stable alloys:
very large atomic size mismatch can lead to spontaneous ordering if the large (small) components have the
ability to raise (lower) their coordination number (CN) within the mixed phase. This heuristic design principle
has led us to explore via first-principles structure search a few very largely mismatched binary systems whose
components have a propensity for CN disproportionation. We find ordered structures for BeO-BaO (37% size
mismatch) and BeO-SrO (30%), and ordering in LiCI-KCI (20%), whereas BN-InN (33%) is found to lower its
positive formation enthalpy by ~60% when CN disproportionation is allowed. This new design principle could

be used to explore phases unsuspected to order by the common paradigm of strain instability.
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I. INTRODUCTION

Making h,o,mg o' m . alloys from constituent
compounds  and g remains at the heart of many techno-
logical applications that demand intermediate material prop-
erties between those offered by the end-point components.t
Such homogeneity requires, however, that the normally posi-
tive formation enthalpy g of isovalent octet B
systems?=> be small enough to avoid phase separation at con-
ventional growth temperatures 7 g S, with § as the
mixing entropy. However, alloying of the commonly used
isovalent octet components (such as 1I-VI or 111-V or IV-IV
semiconductors) leads to  gythat increases rapidly with the
lattice mismatch between the components,?™ thus disquali-
fying the otherwise attractive highly mismatched ( 10%)
candidate materials (such as GaP-GaSh, ZnO-ZnTe) from be-
ing used (other than at the dilute impurity limit).8 However
the experimental observation”1° of long-range ordered struc-
tures, implying small or even negative g from highly mis-
matched (40%) I-VI1I alkali halide components, such as LiF-
RbF or LiF-CsF, is not explained by the classic rules of
inorganic chemistry such as hard acids (small-size charge
donors) prefer to bind with hard bases (small-size charge
acceptors)™ and exposes a breakdown of a central paradigm
in the theory of isovalent alloys.1™> We will use this failure
here to design stable structures made of constituents with
very largely mismatched binary components (even with
small electronegativity difference between cationic and an-
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tive equilibrium volumes and , to the equilibrium

volume  (which formally depends on x) of the . pm-,
system,

Eyp=[xE ()+(1-x)E, ()]
B )+ (A-x)E, ()]






one refers to the conventional understanding that weak
chemical affinity between the compounds in conjunction
with strain from the mismatched atomic sizes will results in
a positive formation enthalpy. However we have shown that
for large enough mismatch, a reorganization of the coordina-
tion shells can lead to a negative formation enthalpy. The
main result of our a Rapid Communication is a design prin-
ciple predicting ordering and low formation enthalpies in
alloys between unsuspected highly mismatched compounds.
It has led to explore a few highly mismatched binary systems
using GSGO. We find ordered structures for BeO-BaO and
BeO-SrO and ordering in LiCI-KCI. Furthermore, we predict
very low formation enthalpy in BN-InN. This design prin-
ciple could be used to explore phases unsuspected to order

by the common paradigm of strain instability.
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