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I. Electrostriction as stress/strain derivative of

permitivity/dielectric susceptibility

To confirm the thermodynamic validity of the methodology, we derive the coeffi-

cients Qijkl starting from the elastic Gibbs free energy density for a bulk material.

The elastic Gibbs free energy density G1 is expressed as

G1 = u− Ts−Xklxkl − EiPi,

where u is the internal energy per unit volume (J/m3), T is the temperature (K), s

is the entropy density (J/m3), Xkl is the stress tensor (Pa), xkl is the strain tensor

(dimensionless), Ei is the electric field (V/m), and Pi is the polarization (C/m2).
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Taking the differential of G1, we have

dG1 = −s dT − xkl dXkl − Pi dEi − Ei dPi.

Considering isothermal processes and focusing only on electromechanical deforma-

tions, the relevant terms are

dG1 = −xkl dXkl − Ei dPi.

The relationships between the elastic Gibbs free energy and the stress or electric

field are then given by:

∂G1

∂Xij
= −xij,

∂G1

∂Pi
= −Ei.

Substituting the functional forms, we have

xij = gijkPk +QijklPkPl, Ei = ηijPj,

where ηij is the dielectric stiffness tensor.

To derive the coupling between polarization and stress, we calculate the third

derivatives of G1. From the strain expression,

xkl = gklmPm +QklmnPmPn,

we compute the second derivatives with respect to Pi and Pj:

∂2xkl
∂Pi∂Pj

= 2Qijkl.

Thus:

− ∂2xkl
∂Pi∂Pj

= −2Qijkl.

The same result can be obtained by computing the third derivative of G1 directly:

∂3G1

∂Pj∂Pi∂Xkl
= − ∂2xkl

∂Pi∂Pj
= −2Qijkl.
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Similarly, for the dielectric stiffness:

∂3G1

∂Xkl∂Pj∂Pi
=

∂ηij
∂Xkl

.

By Schwarz’s theorem, the mixed derivatives of G1 are equal:

∂3G1

∂Pj∂Pi∂Xkl
=

∂3G1

∂Xkl∂Pj∂Pi
.

Equating the two expressions, we find

−2Qijkl =
∂ηij
∂Xkl

.

Finally, the electrostrictive coefficient is expressed as:

Qijkl = −1

2

∂ηij
∂Xkl

.

II. Born effective charges of bulk d1T -MoS2 and

2H-HfS2
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Table 1: Born effective charges (Z∗
α,β, α, β= x,y) of bulk d1T -MoS2.

Atom direction x y z

Mo x 2.3 0.0 2.3
y 0.0 -5.8 0.0
z 0.6 0.0 -0.5

Mo x -3.8 -3.5 -1.1
y -3.5 0.3 2.0
z -0.3 0.5 -0.5

Mo x -3.8 3.5 -1.1
y 3.5 0.3 -2.0
z -0.3 -0.5 -0.5

S x 1.1 0.7 0.0
y -0.7 1.1 0.0
z 0.0 0.0 0.5

S x 1.1 -0.7 0.0
y 0.7 1.1 0.0
z 0.0 0.0 0.5

S x -2.3 0.0 0.0
y 0.0 -2.3 0.0
z 0.0 0.0 -0.4

S x 2.3 0.0 -0.3
y 0 1.2 0.0
z 0.1 0.0 0.4

S x 1.5 -0.5 0.1
y -0.5 2.0 -0.2
z 0.0 0.1 0.4

S x 1.5 0.5 0.1
y 0.5 2.0 0.2
z 0.0 -0.1 0.4
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Table 2: Born effective charges (Z∗
α,β, α, β= x,y) of bulk 2H-HfS2.

Atom direction x y z

Hf x 4.4 0.0 0.0
y 0.0 4.4 0.0
z 0.0 0.0 3.3

Hf x 4.4 0.0 0.0
y 0.0 4.4 0.0
z 0.0 0.0 3.3

S x -2.2 0.0 0.0
y 0.0 -2.2 0.0
z 0.0 0.0 -1.7

S x -2.2 0.0 0.0
y 0.0 -2.2 0.0
z 0.0 0.0 -1.7

S x -2.2 0.0 0.0
y 0.0 -2.1 0.0
z 0.0 0.0 -1.7

S x -2.2 0.0 0.0
y 0.0 -2.1 0.0
z 0.0 0.0 -1.7
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