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Abstract

We calculate the free energy of a mixed Ising ferrimagnetic system from a mean field estimate of the total energy and

the entropy. By minimizing the free energy we obtain the equilibrium magnetizations and the compensation

temperatures. We found that compensation temperatures only appear in metastable systems, and that depending on the

crystal field parameter, the system can present none, one or two compensation points.
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Ferrimagnetic ordering plays a crucial role in several

novel materials based on molecular compounds [1].

Ferrimagnets can present compensation temperatures,

Tcp; temperatures below the critical point at which the

magnetization vanishes. At Tcp the coercivity of the

material increases dramatically facilitating the process of

writing and erasing in magneto-optical media [2]. Mixed

Ising systems have proven to be very useful to under-

stand the compensation phenomenon [3]. In this work,

we study the behavior of the Tcp and the phase diagram

of a mixed Ising model by minimizing the free energy.

Compared with standard Monte Carlo (MC) algo-

rithms, this approach requires a minimum computer

effort, and allows the identification of the stable and

metastable states of the system.

The model consists of a square lattice of N sites with

spins S ¼ 71; 0 and s ¼ 71
2
located in alternating sites.

The Hamiltonian has the form
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where the J 0s are the exchange interaction parameters, D

is the crystal field, and H is an external magnetic field,

all in energy units. The coupling between nearest

neighbors is antiferromagnetic, J1 ¼ �1:
The Helmholtz free energy of the system is obtained

from a mean field calculation of the internal energy and

by approximating the entropy as the sum of the

sublattice entropies, calculated by a direct enumeration

of the number configurations. Then, the free energy per

spin, f ; has the form,
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Besides the temperature, f is written in terms of three

quantities: the magnetization per spin of the S and s
sublattices, m1 and m2; respectively, and the average

number of nonzero spins of the S sublattice, m�
1 : Here

the temperatures are in energy units and z is the

coordination number.
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Fig. 1. Magnetizations of the metastable (dashed lines) and

stable (continuous lines) states, obtained from the free-energy,

and magnetizations calculated with a MC algorithm (circles)

from different starting configurations. (a) D ¼ �2; (b) D ¼ �1:
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Fig. 2. Dependence of Tcp; calculated from the free energy,

with the crystal field.
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In Fig. 1 we show the equilibrium magnetizations

obtained by minimizing the free energy and also by a

MC algorithm that starts from different regions of the

phase diagram. The agreement between both techniques

is very good, up to very close the critical temperature.

An interesting result, that cannot be deduced from the

MC data alone, is that only metastable states present

Tcp; suggesting that the preparation of the system

determines the existence of compensation points. Ex-

perimental results show that the Tcp of molecular

ferrimagnets depends on whether the magnetization is

measured in cooling or warming mode [4]. The behavior

of the Tcp also depends on the crystal field, D: In Fig. 2

we observe that there is a range of values of D for which

the system presents: none, one, or two Tcp: The limiting
values of D in these regions depend on the other
parameters in the Hamiltonian. The figure shows how

these limiting values change for two values of H: Two
Tcp have already been measured in molecular-based

ferrimagnets [4].
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