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a superlattice with formula AA0 B2 O6 . This cation ordering strategy
for rotation-driven ferroelectricity was recently discussed by
Rondinelli and Fennie [41] who have demonstrated how ferroelectric structures can be rationally designed from nonpolar Pnma
building blocks. Specifically, using group-theoretical methods
combined with ab initio density functional theory calculations
on gallate and aluminate-based ABO3 perovskites, they outlined a
universal set of material structure–property relationships for
realizing hybrid improper ferroelectricity in perovskites with
AA0 B2 O6 stoichiometry. The guidelines were separated into an
energetic criterion and a chemical criterion. The energetic criterion requires that the bulk perovskite of one or more of the
constituents of the superlattice have a strong tendency towards
the Pnma structure (that is, Pnma should be the ground state
structure, preferably, or a metastable phase with a wide stability
window). This ensures that the a! a! c þ rotation pattern survives
in the superlattice. The chemical criterion, summarized in Fig. 7,
recognizes that Glazer rotations in perovskites cannot break the
inversion center on the B-site, therefore some form of cation
ordering, e.g., A/A0 layered ordering, is required. A particularly
elegant aspect of the design criteria is that they relate the
properties of the AA0 B2 O6 superlattice back to the properties of
the parent single-phase ABO3 and A0 BO3 perovskites. Hence, at
least in principle, it should be possible to predict whether a
particular AA0 B2 O6 material will be a hybrid improper ferroelectric just by considering the properties of the constituent
3
3
ABO3 and A0 BO3 phases.
As a specific example of creating a hybrid improper ferroelectric according to the guidelines of Rondinelli and Fennie, one
could replace alternating LaO layers in LaGaO3 with YO to form a
LaYGa2O6 superlattice, as shown in Fig. 6(c). Given the strong
Ruddlesden-Popper
tendency of both LaGaO3 and YGaO3 to form in the Pnma
structure, the superlattice displays the same a! a! c þ rotation
N.
A. Benedek
al., discussed,
J. Solid State
pattern.
As weet.
have
these rotations favor an antipolar
Chem.
(2012) (in
press)
displacement
of the
La and Y ions in the LaO and YO layers and +
the lack of an inversion center on the B-site means that the 2
www.advmat.de
polarization
induced by these displacements does not exactly
cancel, leading to a net polarization (Fig. 6(c)). Thus, the rotations
which drive the system to the polar space group, Pmc21, induce a
net ferri-electric polarization.

Pnma rotations, QM and QR, to the antipolar motion of the A-site
cations, QX, ensuring that once QM and QR become non-zero, a
finite QX is induced [50] even when stable in Pm3m.
This trilinear coupling is reminiscent of that found in hybrid
improper ferroelectrics, Eq. (6). Is it related? Any perturbation to
the Pnma structure that breaks the inversion center at each B-site
would lead to inequivalent A-site layers, and hence to a small
noncancellation of the polarization induced by QX in the AO
layers. But since rotations alone cannot remove this symmetry,
some other ‘‘distortion’’ is required to create inequivalent A-site
environments. As we will now discuss, this noncancellation, or
ferri-electric mechanism, is the origin of hybrid improper ferroelectricity in materials built from Pnma perovskites. Fig. 8 shows
two structural motifs that allow for the existence of hybrid
improper ferroelectricity: A-site ordered double perovskites and
Ruddlesden–Popper phases.

Above Room Temperature Ferroelectricity and Weak Ferromagnetism in (LaFeO3)1/(LnFeO3)1 (with Ln= Lanthanide or Y)
Hybrid Improper Ferroelectrics
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3.2.2. Hybrid improper ferroelectricity in AA0 B2 O6 double
perovskites
Perhaps the simplest way to create a perovskite with inequivalent A-sites is to replace alternating AO layers with A0 O to form
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octahedral rotations can never by themselves remove the inverrotation pattern. This can easily be seen from first-principles
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