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Fig. 1. Schematic diagram of a magnetoelectric composite multiferroic chain.
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a classical Heisenberg chain.
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Fig. 4. Temperature dependence of (a) magnetization and (b) electric polarization for different chain length under an

external magnetic field.
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Abstract

Multiferroics, can simultaneously exhibit multiple ferroic orders, including magnetic order, electric order and elastic
order. Among these orders there exist intimately coupling effects. Multiferroics is significant for technological applications
and fundamental research. The interplay between ferroelectricity and magnetism allows a magnetic control of ferroelectric
properties and an electric control of magnetic properties, which can yield new device concepts. Recent experimental
research shows that the Fe/BaTiOs compound exhibits a prominent magnetoelectric effect, which originates from a
change in bonding at the ferroelectric-ferromagnet interface that changes the interface magnetization when the electric
polarization reverses, and thus offering a new route to controlling the magnetic properties of multilayer compound
heterostructures by the electric field. Motivated by recent discoveries, in this paper we investigate theoretically the
thermodynamics of a finite ferroelectric-ferromagnetic chain. A microscopic Heisenberg spin model is constructed to
describe magnetoelectric properties of this composite chain, in which electric and magnetic subsystem are coupled
through interfacial coupling. However, this vector model is not integrable in general. Therefore, one has to resort to
numerical calculations for the thermodynamic properties of such a system. A uniform discrete spin vector is adopted here
to approximate the original continuous one, and then the transfer-matrix method is employed to derive the analytical
expression. To verify its rationality and effectiveness, the zero-field specific heat of a classical spin chain is solved based
on this simplified model, and compared with the exact solution. It demonstrates that the main characteristics obtained
by previous research are well reproduced here, and the whole variant trend is also identical. And then the quantities
concerned in this paper are calculated, including the magnetization, polarization, magnetoelectric susceptibility, and
specific heat. The influence of interfacial coupling, external field, and single-ion anisotropy on the magnetoelectric
effect of the composite chain are examined in detail. The results reveal that the interfacial coupling enhances the
magnetization and polarization. And in the magnetic field driven magnetoelectric susceptibility, the large magnetoelectric
correlation effects are observed, indicating that the magnetic behaviors can be effectively controlled by an external electric
field. Meanwhile, it is also found that the external field and single-ion anisotropy both suppress the magnetoelectric
susceptibility. In addition, interestingly, the specific heat of system presents a three-peak structure under high electric
field, which stems from the thermal excitation of spin states as well as dipole moment caused jointly by electric field and

temperature.

Keywords: composite multiferroic chain, Heisenberg model, transfer-matrix technique, magnetoelectric
coupling
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