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Electrostriction is an electromechanical phenomenon coupling quadratically a strain or stress
to an electric or polarisation field. Described by a tensor of even rank, it is present in all di-
electrics. Recent measurements of very large electrostrictive coefficients [1] have generated sig-
nificant interest and opened the door to electrostriction-based electro-mechanical devices. These
devices will offer advantages over current piezoelectricity based technology of: reduced temper-
ature sensitivity, low hysteresis, and lead-free materials.

In the literature, electrostriction is predominantly calculated with DFT by performing cell-
relaxations under conditions of fixed electric or displacement fieldsi [2,3]. In this work we survey
the existing methodologies and propose a new means by which to calculate electrostriction, which
relies on the thermodynamical equivalence of the second derivatives of strain/stress with respect
to electric/polarisation fields, and the first derivative of the susceptibility/inverse susceptibility
with respect to strain/stress. We demonstrate, using ABINIT and DFPT, that the method
produces reliable electrostrictive coefficients and has significant advantages of efficiency, clarity,
robustness, and ease of use over the conventional finite-field based methods. The established
method therefore allows for both high-throughput screening of materials for giant electrostric-
tion, as well as a detailed general understanding of electrostriction, allowing for the enumeration
of criteria for the design of giant electrostrictors [4].

We show applications of the method to the determination of electrostriction: in simple in-
sulators; at a ferroelectric phase transition (KTaO3); and in ordered oxygen vacancy structures
exhibiting giant electrostriction (δ-Bi2O3).
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