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The modified Potts model considering the lattice size and the sublattice displacement is used for studying
of structural transitions in ferroelectric systems. It was shown that the lattice type is determined by the com-
peting influence of intermolecular interactions (dipolar-dipolar, exchange interactions, Lennard-Jones potential).
The lattice parameters are calculated for different intermolecular interactions. It was shown that crystallographic
parameters of lattice and the value of spontaneous polarization are changed drastically at a certain temperature.
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1. Introduction

The main problem of statistical theories of ferro-
electrics is that equilibrium properties are simulated for a
predetermined crystal lattice. However, the lattice type
and the crystallographic parameters could be changed
under the influence of temperature, pressure and exter-
nal electric fields. The Ising model is usually applied for
simulations of the ferroelectric systems [1], that is, on
the 180°-th domain wall model, which is a simplification,
because there are configurations of the domain structure
in which the direction of the polarization vector occurs
at an angle different from 180°. Such a simplified ap-
proach is possible only to study the properties of sub-
stances with isolated axes outside the crystalline phase,
for example, for the Rochelle salt or KH2PO4. In addi-
tion, the Ising model has a discrete symmetry group. On-
sager had strictly proved that in this model there was a
spontaneous polarization in a monolayer [2]. However, it
was experimentally established that there are sufficiently
thin ferroelectric films in which spontaneous polarization
may be absent [3]. Therefore, the Potts model is used in
this work.

2. Model

In low-molecular ferroelectric crystals, the polarization
arises from the displacement of atoms of one sublattice
to centers of faces (Fig. 1a) or nodes (Fig. 1b) of another
sublattice. In this work, we substitute two sublattices for
a three-dimensional lattice model of rotators for studying
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Fig. 1. (a) and (b) atomic displacement of the one sub-
lattice of the ferroelectric crystal; (c) three-dimensional
lattice model of rotators; (d) and (e) possible directions
of rotators to the centers of faces (a), (d) and the nodes
(b), (e) of another sublattice.
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of order and phase transitions in this system (Fig. 1c).
The location of the node is determined by the set of
three numbers n1, n2, n3. A rotator (an element that
has only rotational degrees of freedom) is related to each
node. Possible directions of rotators, which depend on
the types of sublattice displacement, are shown in Fig 1d
and Fig 1e. Six directions of rotators are possible with
the displacement of atoms to the centers of sublattice
faces, eight directions are related to the displacement to
the nodes.

In this work, the potential of the system consists of
three terms: the Lennard-Jones potential, the potential
of dipolar-dipolar interactions (the Keesom energy)
and the potential of exchange interactions which is
determined by the formula

Uex = −
∑

n1,n2,n3

K1 cos (Φn1,n2,n3,n1+1,n2,n3
)

−
∑

n1,n2,n3

K2 cos (Φn1,n2,n3,n1,n2+1,n3)

−
∑

n1,n2,n3

K3 cos (Φn1,n2,n3,n1,n2,n3+1) . (1)

Value of constants Ki in formula (1) depends on the
distance between rotators r1 = a, r2 = b, r3 = c, where
a, b, c are distances between dipoles in the directions N1,
N2, N3 respectively. In paper [1] it was shown, that for
the dependence approximated by Ki = K0/r

v, the value
of v is greater than 3. In this work v is taken as 4.

3. Results and discussion

At low temperatures, the rotators have a location in
which the potential energy has a minimum. The depen-
dencies of crystallographic distances at low temperatures
are shown in Fig. 2 for different values of constants of ex-
change interactions K0 on the relation λ = kp2/ε, where
k is the constant in the Coulomb law, p is a module of the
dipole moment of rotators, ε is the depth of the poten-
tial well at the Lennard-Jones potential. It was assumed
that the crystallographic distances b and c are equal. One
can see in Fig. 2 that the crystal lattice is cubic if the
dipole-dipole interactions are neglected. As the value λ
increases, the parameter b goes up whereas the value of a
becomes less, i.e., the anisotropy of the lattice increases.
With further increase of the value λ, the parameters a
and b appear to be equal to each other, and the lattice
becomes cubic one.

For studying of the behavior of ferroelectric systems at
high temperatures, the modified Potts model is used in
which the sizes of crystal lattices and the selected direc-
tions are determined on each step of Monte-Carlo simu-
lation and depend on the mutual position of sublattices
(Fig. 1). The equilibrium state of the system is deter-
mined by the condition of minima of free energy. The
dependencies of lattice parameters a and b on tempera-
ture are shown in Fig. 3a. The displacement of sublattice

Fig. 2. Crystallographic lattice parameters a (curves
2, 4) and b (curves 1, 3) vs. the value λ in low tem-
perature for different constants of exchange interactions
K0 = 10ε (curves 1, 2), 50ε (curves 3, 4). r0 is the dis-
tance between rotators in the absence of orientational
interactions.

Fig. 3. (a) the crystallographic parameters: a—upper
row and b— lower row, and (b) the dipole order vs. the
normalized temperature.

and the decreasing of the dipole order parameter occur
at a certain temperature (Fig. 3b), i.e. there is a phase
transition at this point.

4. Conclusion

The influence of energy of orientational interactions
becomes less significant with the increase of temperature.
This fact influences the density of segments (rotators)
and, accordingly, relative sizes of the system.



1086 O.G. Maksimova et al.

Acknowledgments

The work is performed within the framework of the
project “Methods of microstructural nonlinear analysis,
wave dynamics and mechanics of composites for research
and design of modern metamaterials and elements of
structures made on its base” (grant No. 15-19-10008-P
of the Russian Science Foundation).

References

[1] A.L. Pirozerskii, E.V. Charnaya, Phys. Solid State
52, 620 (2010).

[2] L. Onsager, Phys. Rev. 65, 117 (1944).
[3] V.M. Fridkin, Phys. Usp. 49, 193 (2006) (in Rus-

sian).

http://dx.doi.org/10.1134/S106378341003025X
http://dx.doi.org/10.1134/S106378341003025X
http://dx.doi.org/10.1103/PhysRev.65.117
http://dx.doi.org/10.3367/UFNr.0176.200602c.0203

