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We present a theoretical study of the magnetic properties of the lanthanum copper manganate double perovskite
La2CuMnO6 ceramic, using Monte Carlo simulations. We analyze and discuss the ground state phase diagrams in different
planes to show the effect of every physical parameter. Based on the Monte Carlo simulations, which combine Metropolis
algorithm and Ising model, we explore the thermal behavior of the total magnetization and susceptibility. We also present
and discuss the influence of physical parameters such as the external magnetic field, the exchange coupling interactions
between magnetic atoms, and the exchange magnetic field on the magnetization of the system. Moreover, the critical
temperature of the system is about Tc = 70 K, in agreement with the experimental value. Finally, the hysteresis loops of
La2CuMnO6 are discussed.

Keywords: double perovskite La2CuMnO6, Monte Carlo simulations, Ising model, hysteresis loops, Metropo-
lis algorithm, critical temperature
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1. Introduction

Double perovskites with chemical formula A2B′B′′O6,
have attracted considerable interest because of their electrical
and unique interesting magnetic properties. These materials
have significant potential for technological applications.[1,2]

The stability of the double perovskite materials depends on the
choice of the B′B′′ compounds, the degree of cation inversion,
and the size of the transition metal cations B′ and B′′.[3] The
double perovskites consist of two alternating simple octahe-
dra perovskites, B′O6 and B′′O6, which form two interspersed
sublattices.[4–6]

Recently, researchers studied many double perovskites to
investigate materials combining magnetic and electric prop-
erties, which can be used for non-volatile memories. The
presence of both magnetic and dielectric properties makes the
double perovskite oxides interesting, and encourages develop-
ing new materials with large scientific and novel technological
impact.[7,8]

In our recent works, we touched on the magnetic proper-
ties of the perovskite family. The magnetic properties of the
simple perovskites BiFeO3,[9] CeFeO3,[10] and CeCrO3

[11]

and the triple perovskite LaSr2Cr3O9
[12] were deeply inves-

tigated, hence giving the motivation to explore other com-
pounds.

In the same way, we explore the double perovskite
La2CuMnO6 because of the multi-valences of the Mn ions:

Mn2+, Mn3+, and Mn4+. This compound is considered as
one of the most useful additives. The MnO2 can be used as
a hard or soft additive doping element.[13] The double per-
ovskites composed by rare earth and manganite have multi-
ple functions and various device applications.[2] Recent stud-
ies reported that La2NiMnO6 is a ferromagnetic semicon-
ductor, and is one of the most promising materials for spin-
tronic devices.[2] Other studies on the properties of the double
perovskite La2CoMnO6 showed that the compound presents
a good ferromagnetic and insulating behavior.[1] Later, re-
searchers found that replacing Co in La2CoMnO6 by Cu is
more advantageous for spintronic devices. Recently, a syn-
thesis of the lanthanum copper manganate double perovskite
La2CuMnO6 demonstrated different typical behaviors, such
as ferromagnetism and magnetoresistance.[14,15] To identify
the crystalline structure and give information about the unit
cell dimensions of the double perovskite La2CuMnO6, an x-
ray diffraction has been used. This diffraction showed that
the La2CuMnO6 crystallizes belong to an orthorhombic Pbnm
space group, with Laue symmetry mmm. Some recent studies
suggested the existing of a superexchange coupling between
the Cu+2 and Mn+4 ions, Cu+2–O–Mn+4.[16] The presence
of Cu2+ ion expects a strong Jahn–Teller effect and distortion
due to the unevenly occupied eg orbitals.[17] The ions Mn4+

(S = 3/2, t32g e0
g) and Cu2+ (t62g e3

g) have a superexchange fer-
romagnetic interaction.[17]

Motivated by the lack of the theoretical investigations
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of the double perovskite ceramics La2CuMnO6, we study a
model describing the critical behavior of the studied com-
pound. In this work, based on Monte Carlo simulations, which
have been performed under Metropolis algorithm,[18–22] we
provide the magnetic properties in a wide temperature and ex-
ternal magnetic field range.

2. Model and simulation method
To inspect the magnetic behavior of the double perovskite

La2CuMnO6, we carry out the Monte Carlo simulations under
Metropolis algorithm. The studied compound consists of the
Cu/MnO6 octahedrons. The Cu/MnO6 sublattices are shown
in Fig. 1(b), using VESTA software.[23]

(a) (b)

J12

J11

J22

Fig. 1. (a) The crystal structure of La2CuMnO6, green atoms represent
La cations, blue spheres represent Cu cations, and orange spheres are Mn
atoms. (b) The magnetic structure showing only the Cu/Mn magnetic atoms
and exchange coupling constants between atoms.

Table 1. The atom positions in the double perovskite La2CuMnO6.[15]

Atom Site x y z Biso/Å
La 4c −0.00220 0.52107 0.25000 0.00213
Cu 4b 0.00000 0.00000 0.50000 0.00487
Mn 4b 0.00000 0.00000 0.50000 0.00487
O1 4c 0.48095 0.2500 −0.06812 0.01850
O2 8c 0.27475 0.03875 0.71424 0.00454

The Hamiltonian describing this system is based on dif-
ferent intrinsic parameters such as the spins, the exchange cou-
pling constants, the crystal field and the extrinsic ones like
the external magnetic field.[24–26] The critical behaviors of the
double perovskite ceramic La2CuMnO6 are controlled by the
following Hamiltonian:

HS = −J11 ∑
〈i, j〉

SiS j− J22 ∑
〈k,l〉

σkσl− J12 ∑
〈m,n〉

Smσn

−DS ∑
i

S2
i −Dσ ∑

i
σ

2
i −H

(
∑

i
(Si +σi)

)
, (1)

where 〈i, j〉 stands for the first nearest neighbors of the spins
(Mn–Mn), 〈k, l〉 stands the first nearest neighbors of the spins
(Cu–Cu), 〈m,n〉 stands the first nearest neighbors of the spins
(Mn–Cu), J11 is the exchange coupling interaction between
Mn–Mn atoms, J22 represents the exchange coupling inter-
action between Cu–Cu atoms, J12 stands for the exchange
coupling interaction between Mn–Cu atoms, D represents the
crystal field acting on the sublattices Cu/MnO6, and H is the
external magnetic field.

The calculation will be fixed for a specific system size,
N = 5× 5× 5, using the free boundary conditions. We cal-
culate first the total magnetizations, which correspond to the
magnetization per site

MT=
1
N

〈
∑

i
Si

〉
. (2)

After that, we calculate the magnetic susceptibility

χ =
1

kBT

(
〈M2

T〉−〈MT〉2
)
, (3)

where kB is the Boltzmann constant. For simplicity, we take
kB = 1 in all the following calculations.

3. Results and discussion
To analyze and discuss the ground state phase diagrams,

we illustrate the all-possible stable configurations in this sec-
tion for different planes. For that, we calculate and compare
the energies of the all-possible 4×2 = 8 configurations based
on the Hamiltonian (1). Figure 2 shows the all-stable configu-
rations found in the ground state phase diagrams in the planes
(H, D), (H, J11), (H, J12), (D, J12), and (J11, J12) in the ab-
sence of any temperature. Figure 2(a) shows the plane (H, D)
for fixed values of the physical parameters J11 = J22 = J12 = 1.
We observe a perfect symmetry in this figure regarding the axis
H = 0. The variation of the crystal field affects the spins val-
ues. While, increasing the external magnetic field affects the
sign of the spins. The same behavior is reported in the plan
(H, J11) corresponding to Fig. 2(b). When fixing the crystal
field D = 1, the exchange coupling interactions J11 = J22 = 1
in the plan (H, J12), Fig. 2(c), we find that the exchange cou-
pling interaction J12 does not have any impact on the spins S of
the Mn atoms. Although, increasing this parameter affects the
sign of the spins σ . In the plane (D, J12), see Fig. 2(d), a per-
fect symmetry is observed between the phases±1/2 and±3/2
regarding the axis J12 = 0. Nevertheless, increasing the crys-
tal field increases the spins S. The same symmetry is shown in
Fig. 2(e), plotted in the plan (J11, J12). We note from this fig-
ure that the exchange coupling interaction J12 affects the sign
of the spins while J11 influences only the spins S.

In order to inspect the effect of different physical param-
eters such as the exchange coupling interactions, the temper-
ature, the crystal field, and the external magnetic fields on
the total magnetizations of the double perovskite ceramics
La2CuMnO6, we carried out Monte Carlo simulations under
Metropolis algorithm. Based on the Hamiltonian (1), we cal-
culated 105 Monte Carlo steps at each spin configuration. We
discard the first 104 generated configurations. We visited all
the sites of the system, and we flipped each spin. The flips are
accepted or rejected according to the well-known probability
of the Boltzmann statistics.
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Fig. 2. Ground state phase diagrams of the compound La2CuMnO6 in different planes: (a) in the plane (B, D) for J11 = J12 = J22 = 1; (b) in the
plane (H, J11) for J12 = J22 = 1 and D = 1; (c) in the plane (B, J12) for J11 = J22 = 1 and D = 1; (d) in the plane (D, J12) for J11 = J22 = 1 and
B = 0; and (e) in the plane (J11, J12) for J22 = 1, D = 1, and B = 0.

We illustrate in Fig. 3 the effect of the temperature on
the total magnetization and susceptibility, in the absence of
the external magnetic fields H = 9, for the fixed coupling ex-
change interactions and the crystal field J11 = J12 = J22 = 10
and D = 10, respectively. We note a second order transition
for the magnetization and susceptibility curves in this figure.
The system transits from the ferromagnetic phase to the para-
magnetic phase at the critical temperature Tc = 70 K, which is
in good agreement with the experimental value.[18]

To examine the effect of the competition between the
crystal field and the temperature on the total magnetization,
we present such behavior in Fig. 4(a), for different selected
temperatures: T = 3 K, 6 K, and 10 K for J11 = J12 = J22 = 1
and H = 0. It is found from this figure that the temperature
effect is negligible for large negative and positive values of
D. On the other hand, for small values of D, the temperature
effect is to delay the saturation of the magnetization.

Exploring the effect of varying both the crystal field D and
the exchange coupling interaction J11, we show in Fig. 4(b) the
obtained results for T = 3 K and the exchange coupling val-
ues J12 = J22 = 1, and for different values of J11 =−3, 1, and
3. In the region of negative values of the crystal field, the ex-
change coupling interaction J11 is dominant. While in the pos-
itive region of the crystal field, this parameter overrides the
coupling interaction exchange except for the negative value
of J11. The same behavior is reported when varying J12, see
Fig. 4(c). Moreover, the saturation of the magnetization for
the antiferromagnetic phase (J12 =−3) is about MT = 0.5.

We study the effect of the competition between J22 and D
for the selected values of the exchange coupling interactions
J11 = J12 = 1, for T = 3 and for different values of J22 =−3,

1, and 3. The curves shown in Fig. 4(d) demonstrate that the
effect of the J22 parameter is negligible, since all the curves
overlap regardless the value of this parameter.

To inspect the effect of the competition between the tem-
perature and the exchange coupling interaction J11, we report
in Fig. 5(a) such behavior for the exchange coupling interac-
tion values of J12 = J22 = 1, the crystal value D = 3, and the
selected temperature T = 3 K, 6 K, and 10 K. From this figure
we note that the effect of the temperature is important and is
to delay the saturation of the magnetization.

To examine the effect of the crystal field D and the ex-
change coupling interaction J11, we plot in Fig. 5(b) the ob-
tained results for J12 = J22 = 1 and D = −3, 3, 6. It is found
that the crystal field has an important impact on the magneti-
zation, for positive values of D the magnetization saturates in
positive value (MT = 1). While for negative value of D the sat-
uration of the magnetization takes a negative value (MT =−1).
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Fig. 3. Total magnetization and total susceptibility as a function of temper-
ature for the fixed coupling interaction values J11 = J22 = J12 = 10 and the
crystal field value D = 10, in the absence of any external magnetic fields
H = 0.
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Fig. 4. The total magnetization versus the crystal field in the absence of the external magnetic field H = 0, (a) for the selected values of the exchange
coupling J11 = J12 = J22 = 1 at T = 3 K, 6 K, and 10 K; (b) for the exchange coupling values J12 = J22 = 1, the fixed temperature T = 3 K, and different
values of J11 =−3, 1, and 3; (c) for the fixed temperature T = 3 K, the selected values of the exchange coupling J11 = J22 = 1, and different values of
J12 =−3, 1, and 3; (d) for the selected values of the exchange coupling J11 = J12 = 1, T = 3, and different values of J22 =−3, 1, and 3.
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Fig. 5. Total magnetization vs. exchange coupling interaction in the
absence of the external magnetic field for (a) J12 = J22 = 1, D = 3, and
the selected temperature T = 3 K, 6 K, and 10 K, (b) J12 = J22 = 1 and
different values of D =−3, 3, and 6.

The hysteresis loops at 3 K, 5 K, and 7 K are shown in

Fig. 6(a). The low-temperature loops are non-saturating at
H = 10 due to the presence of competing magnetic interac-
tions. An offset regarding the axis H = 0 is observed, this
is due to the exchange bias.[28] From this figure, the double
perovskite ceramics La2CuMnO6 is a soft material and can be
used for storage devices.

To inspect the behavior of the total magnetization versus
the external magnetic field, we plot in Fig. 6(b) the obtained
hysteresis loops for T = 7 K, J11 = J12 = J22 = 1, and D =−6,
−3, and 3. The reverse behavior to that shown in Fig. 6(a) is
observed in this figure keeping the offset regarding the axis
H = 0. We note for the large negative value of crystal field
D = −6, the apparition of steps due to the antiferromagnetic
behavior.

In Fig. 6(c), T = 7 K, J12 = J22 = 1, D = 3, and J11 =−5,
−3, and 3. The hysteresis loops show small coercivity indicat-
ing the presence of ferromagnetic behavior for J11 = 3 and
antiferromagnetic behavior for J11 = −3, while it is almost
linear showing that the system is completely paramagnetic at
J11 =−5.

To show the effect of varying the exchange coupling inter-
action between Mn and Cu atoms J12, we illustrate in Fig. 6(d)
such behavior for T = 7 K, J11 = J22 = 1, D= 3, and J12 =−5,
−3, and 1. It is found that both the remanent magnetization
and the corresponding coercive magnetic field Hc decrease
when increasing the exchange coupling interaction J12.
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Fig. 6. Total magnetization vs. external magnetic field (a) for J11 = J12 = J22 = 1, D = 3, and T = 3, 5, 7; (b) for T = 7 K, J11 = J12 = J22 = 1,
and D =−6, −3, 3; (c) for T = 7 K, J12 = J22 = 1, D = 3, and J11 =−5, −3, 3; (d) for T = 7 K, J11 = J22 = 1, D = 3, and J12 =−5, −3, 1.

4. Conclusion
In this work, the ground state phase diagrams and

the magnetic behavior of the double perovskite ceramics
La2CuMnO6 have been analyze and discussed exploring
Monte Carlo method. The effect of varying the physical pa-
rameters such as the exchange coupling interactions J12, J22,
J11, the crystal and external fields on the magnetization of the
system have been investigated. It is found that the critical tem-
perature of the system is about Tc = 70 K. The hysteresis cycle
loops have also been studied and showed that, this compound
has a soft behavior and can be used in spintronic devices, es-
pecially for magnetic recording.
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