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Abstract: In this work, Monte Carlo simulations are performed to study the effect of vacancy defects on magnetic properties of a double
perovskite Sr,VMoOg film. The ions Mo®" are modelized by @ = l,f’? spins, whereas the ions V' are represented by S=1 spins. The

vacancy concentration and the temperature effects are examined on the behavior of the magnetizations and susceptibilities for several system
sizes. From the obtained results, it is found that the increase of the defect concentration, decreases the magnitude of the magnetization, for a
fixed system size. Also, we have studied the influence of an external and crystal fields on the critical behavior. Additionally, the response of

the magnetization to the field shows a hysterisis behavior.
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I. Introduction

Physicists, chemists and material scientists have
shown great interest in the perovskite system,
because of the properties such as colossal
magne- toresistance [1], half-metallicity [2], high
magnetic  ordering temperature [3] and
magnetodielectricity [4]. These properties make
them fascinating from a fundamental perspective
as well as an application point of view.

The crystal structure of Sr,VMoOg is that of the
undistorted cubic perovskite (space group Pm-
3m, a= 3.91581+ 3 A4), in agreement with data in

Ref. [5] obtained by conventional X-ray powder
diffraction.

Considering the difficulty of measurement of
nano-perovskite compound Sr,VMOoOg,
especially in low tempereture, the simulation of
the magnetic properties is concerned. It fills the
shortage of magnetic parameters of non-
perovkite compound Sr,VMoOg , and point out
the variation of magnetic properties with the
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temperature. Thus, computer simulations using
the Metropolis algorithm and Monte Carlo
techniques were constructed to model the
behavior of several of magnetic systems. Among
the systems modeled were thin films, super-
lattices and double perovskite system [6, 8]. The
effect of a surface magnetic field is studied by
using the mean field theory (MFT) and the
Monte Carlo (MC) simulations [9,10].

On the other hand, inclusion with defect, the
system becomes a novel artificial structure with
interesting properties. Indeed, the vacancy
defects is a key factor to control the magnetic
critical properties and is a new medium for
exploring novel magnetic phenomena and may
lead to innovative industrial applications.
However, it is also known that under the normal
condition, vacancy defects in material frequently
occur during the material processing. As a result,
the magnetic properties of the material are
altered from its ideal condition and any
calculation based on this ideal condition will
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lead to an incorrect application design. Because
of the smaller number of neighboring atomic
sites, there is a reduction in the average
ferromagnetic exchange coupling. As a result,
this defect can be used to control the magnetic
phase transition and hence the Curie
temperature. The observed room-temperature
ferromagnetism is believed to come from the
defects [11].

For these reasons that, the magnetic thin films
and multilayers have gained increasing interest
for fundamental research and technological
applications. The critical behavior of the spin
Ising thin films has been extensively studied
[12-16]. The interesting results for these systems
are the dependence of the critical behavior on the
thickness. It was found that the Curie
temperature and the average magnetic moment
per atom increase with the thickness. Wiatrowski
[17] has studied the magnetic properties of thin
film in a mixed-spin surface Ising model and he
has shown that this simplified model gave results
in quite reasonable agreement with those
obtained in the most sophisticated experimental
measurements of depth profile magnetization
using in situ conversion electron Mossbauer
spectroscopy (CEMS) on Fe(110) surfaces and
thin films [18,19].

Consequently, there comes an interest to model
how the vacancy defect affects the properties of
the magnetic materials. It is interesting to
investigate how the defect alters the magnetic
behavior. In this study, the magnetic system in a
reduced structure, i.e., multilayers were
considered in order to investigate the magnetic
profiles and its phase transition under the
influence of vacancy defects, crystal field and an
external magnetic field by means of Monte Carlo
simulations.

I1. Theoretical model

A schematic picture of the multilayer of the
double perovskite system Sr,VMoOg in question
is presented in the Fig. 1. The multilayer system
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consists of a set of layers. Each layer is
constituted with a square made up with LxL
spins o -layers and S-layers in the x-y direction.
Whereas the number of layers are counted in the
z-direction.
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Fig. 1: A schematic view of the bilayer
composed of two layers of the studied system
formed with two double perovskite Sr,VMoOg
blocs. In all this work, the ions Mo>* will be

schematized by spins ¢ = 1 whereas the ions

V3** will be schematized by spins S=1. The Sr
atoms are not presented in this figure since
these atoms are non magnetic. The constant
coupling between the spins o and ¢ s

denoted by J;, between the spins S and S is
denoted by J,, while Jp denotes the constant
coupling between the two blocs: @ and S.
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The V** (S=1) magnetic ions are located on the
sub-lattice (1), while the Mo® (& = %)

magnetic ions are located on the sub-lattice (11).
The first nearest neighbor of VV** ions are Mo
ions, and vice versa (see Fig. 1).
The Hamiltonian of the multilayer can be written
in the form of :
H=H,+H,+H, +H;
(1)
where,

N
Hi= _‘]12 Z(gi(ji )(gjo-j)

e
N
HZ:_‘]zz Z(gisi )(&;S))

k=1 <ij>
i.Je(k)

N

Hp:_Jp Z Z(gio-i )(gisj)

k=1 <ij>
ie(k)
je(k+1)

Hf:_hi(ztsjaj +Z$i8i )—Ai Z(gisi )’

where the spins Si and o, took on the values

0,£1 and J_r%, respectively and the sum included

only first pairs nearest-neighbor. The defects
correspond to &, =0, while a magnetic site with

o; or S; moment correspond to &, =1. J; is the

constant coupling between the spinso, whereas
Jo is the coupling constant between the spins S.
Jp denotes the coupling constant between the
spins o and S. The crystal field A is applied
only on the spins S, whereas the external
magnetic field h is acting over all the spins
oandS.

In all this work, the coupling constants are fixed
at the values: J1=J,= Jp =+1 K.

I11. Monte Carlo simulations

We applied the Monte Carlo simulations under
Metropolis algorithm for standard sampling
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method to simulate the Hamiltonian given by
Eq.(1). Free boundary conditions were used in
this system formed with a set of ‘nlayer’ layers.
The simulations were performed for nlayer
varying from 2,4,...,8 of the square lattice with
number of atomic sites N =nlayer x L x L.
Preliminary results were carried out for several
system sizes: L=15, 19,...,33. Since by varying
values of L does not affect the physical
quantities we calculate, thus we will take L=19
spins. The vacancy concentration c, indicating
the magnitude of porosity, was varied from 0 to
15 percent of N. These non-magnetic sites, being
equivalent to the vacancy-type defect, do not
occupy the magnetic moment, i.e.,, Si = 0 or

o; =0 , giving no contribution to the above

Hamiltonian.

The flips are accepted or rejected according to a
heat-bath algorithm. Starting from different
initial conditions, we perform 10° Monte Carlo
steps (MCS) for each spin configuration, and
discarding the first 10* generated configurations.
We average over many configurations for each
initial condition. Our programs calculate the
following parameters, namely:

The internal energy per site:

E, = 1 <H>
N
)
The magnetizations per site:
M, =< EZO] >
N 5
©)
2
Mg =<—>'S, >
N 5
(4)
The corresponding total magnetization is:
M_+M
My =—= T
2
()

The magnetic susceptibilities are given by:
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From total magnetization My profile for various
vacancy concentration ¢ and the number of
layers nlayer, we found that with increasing the
vacancy concentration c the total magnetization
decreases (see Fig2 a-c). Then, the increase of
vacancy concentration reduces the magnitude of
the magnetic exchange coupling in the systems,
and this strongly reduces the magnitude of the
magnetization. Because of the smaller number of
neighboring atomic sites, there is a reduction in
the average ferromagnetic exchange coupling.

Fig. 2: The variation of magnetization as a
function of temperature T, with varying the
concentration from c= 0.00 to ¢ = 0.15 and for
a fixed value of the number of layers. (a):
nlayer=2 and (b): nlayer=4 (c) nlayer=6.

Figures 3 shows the behavior of the total
susceptibilities for specific system sizes:
nlayer=2, 4 and 6 and for an unchanged defect
concentration. The susceptibilities as a function
of the temperature manifest a sharp peak. This
means that the double perovskite compound
approaches its critical temperature. In particular,
it is found that these magnetic susceptibilities
peaks are shifted to higher temperatures, when
increasing the number of layers.

Fig. 3
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Fig. 3: The total magnetic susceptibility yiot as
a function of temperature, which present an
increasing of the phase transition point with
varying the number of layers from nlayer = 2
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to nlayer =6. For a fixed value of the
concentration c=5 %.

For very low temperatures, the saturation
magnetizations for the Mo>* ions as well as for
V** ijons of the Sr2VMoO6, are 0.5 and 1,
respectively [20,21]. This is in good agreement
with the ground state phase diagram, in which
these values are exactly: S=1 for the V*'
magnetic ions and for the Mo®* magnetic ions.
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Fig. 4: The variation of total magnetization
Myt Vs crystal field A. For a fixed value of
nlayer=4, with varying the concentration
from c=0.00 to ¢ = 0.15.

We plot in Fig. 4, the dependence of the total
magnetization as a function of the crystal-field
interaction for different values of the vacancy
defect and for a fixed thickness. It is seen, that
the total magnetization increases from a small
values around 0.2 at a strong negative value of
the crystal field to reach saturation ones for large
positive values of the crystal field. It is observed
that, these saturation values decrease with
increasing the vacancy defect in the system.

An interesting behavior is seen in Fig. 5, because
a great deal of information can be pointed out
about the magnetic properties of a material by
studying its hysteresis loop. Thus, the
corresponding hysteresis loop example is shown
in Fig. 5. We present the dependence of
hysteresis loops on sizes keeping the values of
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the temperature T=1K and vacancy defect
unchanged. From these results, one can see that
by varying the sizes the form of the hysteresis
loop changes. Therefore, the remanent
magnetization and coercive field undergo
modifications.

Fig. 5
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Fig. 5: Magnetization hysteresis loops for
vacancy defect c=5% and temperature T=1k,
with varying the number of size from
nlayer=2 to nlayer=6.

We observed the decrease of the remanent
magnetization which means the demagnetization.
The demagnetization and coercive field increase
with the increase of the layer number.

The results of the critical temperature are
presented in Fig.6 as a function of the effective
thickness, for two values of vacancy defect
c=5% and c=15%. Then, the more vacancies, the
transition from the ferromagnetic to the
paramagnetic phase does not require as much
thermal energy as it does for the smaller value of
defect. This is because the number of vacancy
sites has a strong effect on the averaged
exchange coupling among the spins in the
systems. Also, as can be seen in Fig.6, a linear
relation between effective thickness and critical
temperature is found. Then, the critical
temperature increases with increasing the
number of layers (thickness).
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Fig. 6: The critical temperatures T¢c as a
function of effective thickness extracted from

Monte Carlo simulations, for two values of
vacancy defect c=5% and c=15%.

V. Conclusion

Monte Carlo studies on the double perovskite
Sr,VMoOg system were performed to investigate
the effect of vacancy defect and sizes, on the
magnetic properties, i.e., the magnetization and
the susceptibility per spin including its critical
behavior in terms of the critical temperature.
However, with large number of the vacancy
concentration ¢, we deduced that this strongly
reduces the magnitude of the magnetization and
the transition from the ferromagnetic to the
paramagnetic phase does not require as much
thermal energy as it does for the smaller value of
defect. Also, this study showed that the size
(thikness) of the double perovskit effects on
these properties: The magnetizations versus
temperature for various sizes are investigated in
this system. Furthermore, the variation of the
total magnetization versus crystal field is also
obtained for different concentration of vacancy
defect. Finally, the hysteresis loops are
established for different sizes.
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