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Abstract

A ferrimagnetic mixed spin square Blume-Capel Ising nanowire
system depend of spin-1 core and spin-3/2 outer shell have been
investigated. The general formula for the temperature dependence of the
equilibrium magnetization of the system is presented. The ferrimagnetic
core-shell nanosystem shows a compensation point when the exchange
interactions are changed at various values of the single-ion anisotropies of
shell sublattices and core ones, respectively. So, one can examine
interesting phenomena are compensation behaviors and the free energy of
the nanosystem, where these phenomena found that the mixed-spin square
Blume-Capel Ising nanosystem which is being considered has two spin

compensation temperatures in the range of —0.8<D;|J,|<-0.4, when
J, =-0.7, for two different values of core anisotropy for sublattices of
atoms A, D,|J;|=0, and D,|J,|=1.0, respectively.

Keywords: Magnetization , Ising Model , Compensation point , Crystal
field , Square lattice.
1.Introduction
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Recently, | drew a lot of attention towards understanding the
magnetization processes and related applications. Thus, magnetic wires
have provided ground very successful test to understand the microscopic
mechanisms that determine the important parameters ostensibly in
different applications [A.K. Srivastava andA.DakhamaN]. It revealed the
development of nanowire arrays of tiny magnetic different extraordinary
properties relevant applications in data storage devices and in high-
density bio-engineering applications [E. Vatansever]. B. Deviren and Y.
Sener studied magnetic properties of nanoparticles mixed Ising spin with
the basic structure / shell using the effective field with links theory. The
researchers found that the system gives new behaviors under the domain
crystal effect, core and shell interactions and coupling interface on phase
diagrams. In this paper we have investigated the magnetic properties of a
ferrimagnetic mixed spin-1 and spin-3/2 square Blume-Capel Ising
nanowire system, for a series of molecular based magnets, which is
numerically solved by using the mean-field approximation(MFA), in
order to clarify the physical background for the characteristic phenomena
observed in the ferrimagnetic mixed nanowire models. It is contained in
the work as follows. In Section 2, we offer briefly the basic framework of
the theory of the average field and give Hamilton of mixed ferrimagnetic
spin-(1,3/2) square Blume-Capel Ising nanowire system. In Section 3,
numerical results for phase diagrams, the study of the magnetization of
the system in detail. Finally, the conclusion is offered in Section 4.

2. Model and Formalism

The proposed model contains of a ferrimagnetic square nanowire
consists of the spin-1 core for atoms A and spin-3/2 outer shell for atoms
B, respectively, as shown in Figure(1):
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Figurel: Square Blume-Capel Ising nanowire with core-shell structure.

Each square represents a plaquette consisting of one core spin and four
shell spins.
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The Hamiltonian of the nanosystem, in the absence of external magnetic
field, is written as [4]

H=-3,)8/87-3,5'5"s"~3,5'5%s?-D,>'S" D, > 8%
(1)

where (SiA,SjB) takes the values(il,igj; and D,is a magnetic

anisotropy acting on A-atoms( core anisotropy), D, is a magnetic

anisotropy acting on B-atoms (shell anisotropy). J, is the near neighbor
exchange parameter between magnetic atoms across the core and the
outer shell. J,is the nearest neighbor exchange parameter between



magnetic atoms in the core. J, is the exchange interaction at the outer

shell.

The free energy of the nanosystem is obtained from a mean field
calculation of the Hamiltonian based on the Bogoliubov inequality [D. J.
Sellmyer5]:

A<D =A+(H-H,), (2)
where A is the Gibbs free energy of H given by relation (1), that:
A=—-k;TInz (3)

A, is the Gibbs free energy of a paramagnetic phase and H, a trial
Hamiltonian depend on variation parameters, that:
A, =—kTInZ, 4)
Z,Z,are the true partition function and trial one respectively.
In this research we consider one of the possible choices of H,, namely:

H, :_Z[ﬂiSiA+7/A(SiA)2]_Z[lzs;3 +7/B(SJ'B)2] (5)

S, taking the values of spins for core-atoms, and SjBtaking the values

of spins for shell-atoms. Whereas 4,, 4,, y,,and y, are the variational
parameters related to the different spins and the anisotropies of the two
sublattices proposed( i.e., the core and shell anisotropies), respectively.
Then, the approximated free energy can be obtained by minimizing the
right side of equation (2) with respect to variational parameters mentioned
above. Thus, Eq.(2) can be expressed as,

f= % = —l{ln(a+1) +4Inb}+J,z,m,mg +J,z,ms +4J,2,m2
(6)
with,

a=2e~coshpBi, ; A, =J;zmg+2J,2m, ; 2,=2,=2,=1
and,

9

1
b=2e¢"" coshgﬂ/’t2 +oe™ cosh%ﬂ%2 DA, = %lemA +2J,zm,

with,



B 2sinh{t,z,m; +t,z,m,}
2coshft,z,m, +t,z,m, }+ 2e

()

A

?,sinh{‘;’tlzlmA +§t323m8}+ g /P sinh{;tlzlmA +;t323m5}

1
m, ==
2 cosh{itlzlmA + 2t323m8}+ g */Pe cosh{;tlzlmA + ;t323m3}

(8)

where, g = ,Z 1s the coordination number of the lattice.

B
It is worth mentioning that the case ferrimagnetic shows that signs
magnetizations different sublattice, and there can be a point of
compensation, which total longitudinal magnetization of each site is equal
to zero [Fathi Abubrig].

3. Results and discussion

The magnetic phase transitions has been investigated numerically
by the use of mean-field approximation (MFA), in order to clarify the
physical background for the characteristic phenomena observed in the
ferrimagnetic mixed nanowire  models. The effect of single-ion
anisotropies ( i.e., crystal fields) on the compensation phenomenon have
been taken into consideration. Besides, we have shown the effect of
exchange interactions on the magnetization curves and the phase
transition of these systems. Let us consider the thermal variation
dependence of the total magnetization for a mixed spin-1 and spin-3/2
square Blume-Capel Ising nanowire as shown in Figure2, Figure3,
respectively.

We found some compensation behaviors for square-type

nanowire, at different values of D,[J;| and Dg|J;|, when

J,=-17J3,=-17J,=-0.75, respectively. Fig. 2. reveals interesting
phenomena regards compensation temperatures in the range of
0<D,|J,[<3, for different values of



Dg /|J,| =—-1.0,-0.9,-0.8,-0.7,-0.6,-0.5. One can observe, Fig.2, when
1<D,Jy/<3, shows a multi-compensation behavior for different
D; /|9,| =—1.0,-0.9,-0.8,-0.7,-0.6,-0.5, respectively. It is worth to note

that the compensation point caused by the presence of magnetic variation
of atom- B, it is only possible is in the magnetic phase. This
magnetizations sublattice undergo to cancel but it is still incomplete so
there is spontaneous magnetization of the remaining in the system(M#0),
this is evidence to the antiferromagnetic near neighbor interactions[T.
Kaneyoshi].
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Figure2: The temperature dependences of the total magnetization M for
a ferrimagnetic mixed-spin square Ising nanowire with, J, =-1,J, =-1,
J,=-0.75

This interaction tends to align the spins adjacent in opposite directions as
the rising temperature of the system, and therefore the direction of this
residual magnetization can switch because of the thermal excitation. The
compensation



Figure 3: The temperature dependences of the total magnetization M for
a ferrimagnetic mixed-spin square Ising nanowire at different values of
D, and, Dywhen J,=-1, J,=-1, J,=-0.75.

behaviors shown in Figuress.(2,3) indicate the crossing points between
the magnitudes of m, and m, which prove the eligibility of Egs.(7) and
(8).

B. Boughazi et al studied a hexagonal nanowire consisting of a
ferromagnetic spin-1/2 core and spin-3/2 outer shell coupled with
ferrimagnetic interlayer coupling by the use of Monte Carlo simulation.
The authors draw a total magnetization versus temperature for some
specific values of R¢(J¢/J)(0,0.05and0.10), respectively. As is clear

from these criteria that the system displays the temperature and one
compensation. One can compare our results interesting with those [T.
Kaneyoshi].

On the other hand, Figure 3, shows the temperature dependence of
the total magnetization M for a ferrimagnetic mixed spin Ising nanowire
system, with J, =-1J,=-1J,=-0.75. One can be observe that

nanosystem has two compensation points when D,|J,/=1.0, and
Dg|J,|=-08, for J,=-1J,=-1J,=-0.75. This is in good
agreement with the possibility of compensation in the other two points of



nanosystem that have been discussed in the reference.[ T. Kaneyoshi and
V. F. Puntes].

Now let us discuss the temperature dependence of the total
magnetization M for the mixed spin Ising nanowire ferrimagnetic system
with , J;=-1, J,=- 1, for J3= - 1.0, and J3=- 0.7, respectively. In Fig.4, that
the system has two compensation points at a fixed value of DA|J1| =0

and different values of DB|J|, in particular for J3= - 0.7. This is in good

agreement with the possibility of compensation in the other two points
nanosystem that are discussed as in reference.[ V. F. Puntes].

From the two figures(5,6), one can found interesting features, i.e.,
the possibility of multicompensation temperatures are particularly

induced, when D,|J,|=0, J,=-0.7, in the range of

—0.8< Dy |J,| <-0.6, respectively.

Figure 4 :The temperature dependences of the total magnetization M at
constant values of D, =0 and different values of D, for J,=-1,J,=-1

Conclusions

We have investigated a ferrimagnetic mixed spin-(1,3/2) square
Blume-Capel Ising nanowire system by using the mean-field treatment.
The effect of single-ion anisotropies( i.e., crystal fields) on the
compensation phenomenon have
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Figure5: The temperature dependences of the total magnetization m at
constant values of D, =0and different values of D, , when J, =-1, for

J,=-0.8,-0.75,-0.7, respectively.

been taken into consideration. It has carefully changed the magnetic
anisotropies so that one can study the phenomena of interest are the
behaviors of compensation in which these phenomena are found that the
mixed-spin square Blume-Capel Ising nanosystem which is being
considered has one compensation temperature when the core anisotropy is
in the range 1.0< D, /|J,|<5.0 at Dy /|J,|=-0.8, for J;=-1, Jo=-1, Js=-
0.75. Besides, our nanosystem has two spin compensation temperatures in
the range of —0.8<Dgy|J;|<-0.4, when J, =-0.7, for two different



values of core anisotropy for sublattices of atoms A, DA|J1|:O, and

D, |3,/ =1.0, respectively. It have been shown that the appearance of spin

compensation points is independent of D,; however D, influences the
magnitudes of these points in the temperature space. On the other hand,
from the point of view of the pilot, it was synthesized quasi-one-
dimensional heterotrinuclear complex [NiCr, (bipy), (C,0,),(H,0)]H,O
, Which shows a rare case of antiferromagnetism between Ni(ll1)S =1and
Cr(ll1)S=3/2.

Figure 6: The thermal dependence of the total magnetization m at
constant values of Dg=- 0.8and different values of D, , when J, =-1,

for J, =-0.8,-0.75,-0.7 , respectively.
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