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Abstract

Within the framework of the effective-field theory (EFT) with correlations, the phase dia-
grams of a cylindrical spin-1 Ising nanowire is investigated, depending on the ratio of the
Hamiltonian parameters. We discuss in detail the influence of interfacial coupling, crystal
field and transfer field ratio on the phase diagrams, and some characteristic phenomena have
been found such as tricritical point and first-order transitions.
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1. Introduction

In the past two decades, magnetic properties of the nanomaterials are quite different
from those of the bulk and are greatly affected by the particle size [1-4]. Furthermore, due to
their technological [5-8] and biomedical applications [9-13] are a subject of great interest for
both experimental and theoretical researchers. On the other hand, magnetic properties of na-
noparticles have been studied within various Ising systems consisting of core-shell structures
via a variety of theoretical techniques. Wang et al. [14] investigated phase transitions in mag-
netic alloy nanoparticles by the variational cumulant expansion in spin-1/2 system. The spin-
1/2 Ising system within Monte Carlo (MC) simulations studied by Inglesias and Labarta [15,

16] and also investigated by Crisan et al. [17]. Kaneyoshi used the spin-1/2 Ising system and
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studied phase diagrams [18], magnetizations [19], the possibility of a compensation point [20]
and reentrant phenemona [21] of nanoparticles with a core/shell structure by using the effecti-
ve-field theory (EFT) with correlations. The magnetizations and susceptibilities of cylindrical
core/shell spin-1 Ising nanowire have been investigated within the EFT with correlations [22].
Within effective-field theory based on a probability distribution technique, Kocakaplan et al.
[23] studied hysteresis loops and compensation behavior of cylindrical transverse spin-1 Ising
nanowire with the crystal field. Canko et al. [24] investigated some characteristic behaviors of
spin-1 Ising nanotube.The hysteresis behaviors [25], and phase diagrams and magnetic prop-
erties [26] of a spin-1 Ising nanotube, with ferro- or anti-ferromagnetic interfacial coupling
are examined in the presence of a random magnetic field by Magoussi et al.. On the other
hand, in a few study are used binary mixed spins Ising system to examine nanoparticles sys-
tem, namely Zaim et al. [27] used the binary mixed spins (1/2, 1) Ising system by the use of
MC Simulations, Zaim and Kerouad [28] studied binary mixed spins (1/2, 1 or 3/2) by using
MC simulations. Yiiksel et al. [29] applied Monte Carlo simulations for the mixed spins (3/2 -
1) system. Recently, Jiang et al. [30] studied spin—3/2 core and a hexagonal ring spin-5/2 shell
by the EFT with self-spin correlations. Kantar et al. [31], within the framework of the EFT
with correlations, investigated spin—1/2 core surrounded by spin -3/2 the 2D nanoparticles
system. Kantar and Kocakaplan [32] presented the phase diagrams and compensation behav-
iors hexagonal type Ising nanowire with spin-1/2 core and spin-1 shell structure.

In the present study, we investigated the phase diagrams in difference plane of the cy-
lindrical core/shell spin-1 Ising nanowire within the EFT with correlations. The influence of
interfacial coupling, crystal field and transfer field ratio on the phase diagrams have been il-
lustrated.

The review of this paper is organized as follows. In Section 2, we give the model and

present the formalism of the EFT with correlations. The detailed numerical results and discus-


http://www.sciencedirect.com/science/article/pii/S0375960111010024
http://www.sciencedirect.com/science/article/pii/S0375960111010024

sions of phase diagrams are presented in Section 3. Finally Section 4 is devoted to a summary

and a brief conclusion.

2. Model and formulation

We consider a cylindrical Ising nanowire, the schematic representation as depicted in
Fig. 1 in which the wire consists of the surface shell and core, and each site is occupied by a
spin-1 Ising atom on the figure. With an exchange interaction, each spin is connected to the
two nearest- neighbor spins on the above and below sections along the cylinder. So, the Ham-

iltonian of the system can be expressed as
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where S7and S denote the z and X components of the quantum spin S operator, respec-

tively. The S7and S components take values O, +1at each site i.J ,J, and J, are the
exchange interaction parameters between two nearest-neighbor quantum spin operators in the
surface shell, the core and between the surface shell and core, respectively. The first three
summations are over the nearest-neighbor pairs of spins at the surface shell, the core and be-
tween the surface shell and core, respectively. A, Q_., Q. and h Hamiltonian parame-
ters display the single-ion anisotropy (i.e. crystal field), the transverse field in the core, the
transverse field at the surface shell, and longitudinal magnetic field, respectively. In order to
clear up the influences of surface on physical properties, the surface exchange interaction pa-

rameter is often defined as J, =J_(1+A,) in the nanosystems.

Within the framework of the EFT with correlations, one can easily find the longitudi-

nal (z-direction) magnetizations mg, and mg, at the surface shell and the longitudinal

magnetizations m¢, and m,in the core, as coupled equations,
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In here, the term A, B and C defined as A=J.V,B=J,Vand C=J.V. V=9/ox is the dif-

ferential operator. The functions & (x) and F.(x) are defined in [23] as follow:
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and

It would be worthwhile to examine for two special cases: (i) the first case correspond to

Blume-Capel model and in this case ©=0.0. The second case correspond to spin-1 trans-
verse Ising model and in this case A = 0.0. For the first case by using Eqgs (3) and (4), we can

reduce Eq. (3) to the form as seen in Eq. (5a) below. In similar, for the second case, F (x)

and F; (x)functions can be obtain in the form as seen in Egs. (5b) below.

o (x)= 2sinh[Bx] (53)
’ exp(-pA)+2cosh[px]
2xsinh (/Qq ¢ + X2
Fc(X)= ( : B) (5b)

(\/ﬁ)(lﬂcosh( Qg + xzﬁ))

Here, B=1/k,T, T is the absolute temperature and ks is the Boltzmann constant.

On the other hand, in order to obtain the phase diagram of the system, we must expand

the right-hand sides of the (2a)-(2d) coupled equations. They are obtained as follows:
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Here, the coefficientsa,,b,,c; andd, in each matrix take complicated forms, so that they give in

Apendix A. These coefficients can be easily obtained from the coupled equations via differ-
ential operator technique. The transition temperature of each system can be determined from
det(K) = 0. We should also mention that, for the following discussions, we define the parame-

tersqandr as

Int (7)

3.Numerical results and discussions
In this section, we studied some interesting and typical results of the cylindrical
core/shell spin-1 Ising nanowire with a crystal field and transverse field at a zero longitudinal
magnetic field. The effects of the interfacial coupling, crystal field and transverse field on the
phase diagrams of the cylindrical core/shell spin-1 Ising nanowire have investigated for se-
lected values of the , 4s, Q_, Q_ and A.
3.1. Crystal field dependence of the Phase Diagrams
Fig. 2 shows the phase diagram in the (T, A) plane for diverse values of the Hamiltonian
parameters. In figures, the solid and dashed lines stand for the second- and first-order phase
transition lines, respectively and the tricritical point (TCP) is illustrated by a black circle. All
transitions are from ferromagnetic (f) to paramagnetic (p) phase. For the fixed values of
Q. =0.0 andAg =0.0 and different values of the interfacial coupling (r = 0.01, 0.5 and 1.0),
Fig. 2(a) is plotted. We can clearly see that with the increase of r, the transition temperature of
the system is goes up as well as the TCP in Fig. 2(a). The first-order phase transition tempera-

ture undergo zero roughly at the same value of A for r =0.01 and 0.5 values. Fig. 2(b) is ob-



tained for various values of surface exchange interaction parameter (As =-1.0, 0.0 and 1.0)

and fixed values of Q_=0.0 and r=1.5. The behaviours of Fig. 2(b) is similar to Fig. 2(a).

3.2.  Core transverse field dependence of the Phase Diagrams

Fig. 3 display the phase diagram in the (T, €,) plane. In Fig. 3, we can clearly see that all

transitions are the second-order phase transitions and transitions are from ferromagnetic (f) to
paramagnetic (p) phase. Fig. 3(a) is plotted for the fixed values of r=1.0, A=0.0 and

Q. =1.0 and different values of surface exchange interaction parameter (Ag =-1.0, 0.0 and
0.5). The transition temperature of the system is goes up with the increase of the A,. For the
fixed values of r=1.0, A=0.0, andA; =0.0 and different values of the ratio of shell trans-

verse field to the core transverse field (g = 1.0, 5.0 and 20.0), Fig. 3(b) is obtained. The sec-

ond-order phase transition temperatures go to zero as Q. increase. On the other hand, Fig.
3(c) is plotted for the different values of interfacial interaction parameter (r =0.01, 0.5 and
1.0) and fixed values of A;=0.0 and A=0.0. Itis similar to the Fig. 3(b) except that at zero
Q. , transition temperature takes different values for selected values of r.

3.3.  Transverse fields ratio dependence of the Phase Diagrams

Fig. 4 illustrate the phase diagram in the (T, q) plane. Similar to Fig. 3, all transitions
are the second-order phase transitions and transitions are from ferromagnetic (f) to paramag-
netic (p) phase in Fig. 4. Fig. 4(a) is obtained for the diverse values of surface exchange inter-

action parameter (Ag =-1.0, 0.0 and 0.5) and fixed values of Q. =1.0,A=0.0 and r=1.0.
With the increase of the Ag,the transition temperature of the system is raise. Also, when

transverse fields ratio are grow transition temperature close to each other for selected different

values of Ag. For the fixed values of r=1.0, A=0.0, andAg =0.0 and different values of
the ratio of core transverse field (2. = 1.0, 3.0 and 5.0), Fig. 4(b) is obtained. As the value of

Q. increase, the transition temperature value is go down. Finally, Fig. 4(c) is plotted for for



the change values of interfacial interaction parameter (r =0.01, 0.5 and 1.0) and fixed values

of A;=0.0, Q. =2.0 and A=0.0. The remarkable feature of the Fig. 4(c) is that for the

small value of r, the transition temperature is almost to be fixed as the increase of q. We
should also mention that when g ratio is increase transition temperature close to each other for
selected different values of r.

In summary, we have studied the phase diagrams of the cylindrical core/shell spin-1
Ising nanowire with a crystal field transverse field at zero longitudinal magnetic field via the
EFT with correlation. We have obtained the phase diagrams of the system on the three differ-

ent plane, namely (T, A), (T, Q.) and (T, q). The effect of the Hamiltonian parameters on

phase diagrams are explained in detail. We observed the system undergoes first- and second-
order phase transitions as well as the TCP for the certain values of Hamiltonian parameters.
Finally, we hope that our detailed theoretical investigations may stimulate further researches
to study magnetic properties of nanoparticles systems, and also will motivate experimentalists
to investigate the behaviors in real nanomaterial systems.

Appendix A.

a1 = -Fc [-Jc] +Fc [Jc]; a2 = -3Fc [-Jc] +3Fc [Jc],

b1 =-(1/2) Fc [-Jc] +1/2 Fc [Jc]; b2 = -2 Fc [-Jc] +2 Fc [Jc]; bs = -(1/2) Fc [-J1] +1/2 Fc [J1]; ba
= -Fc [-J1] +Fc [J4],

C1=-(1/2) Fs [-J1] +1/2 FS [J1]; c2 = -Fs [-Js] +Fs [Js]; €3 = -Fs [-Js] +Fs [Js],

du = -Fs [-31] +Fs [J1]; da = -Fs [-Js] +Fs [Js]; da = -Fs [-Js] +Fs [Js].
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List of the figure captions
Fig. 1. (Color online) Schematic presentation of a cylindrical core/shell spin-1 Ising nanowire.
(@) Cross-section and (b) three-dimensional. The grey and blue circles illustrate mag-
netic atoms at the surface shell and core, respectively.
Fig. 2. (Color online) The phase diagrams in (T, A) plane of the cylindrical core/shell spin-1
Ising nanowire. Dashed and solid lines represent the first- and second-order phase
transitions, respectively. The tricritical points are indicated with black circles.

(a) For the fixed value of ©.=0.0, A;,=0.0andr=0.01, 0.5 and 1.0.
(b) For the fixed value of ©.=0.0, r=15and A; =-1.0,0.0and 1.0.
Fig. 3. (Color online) The phase diagrams in (T, Q.) plane.
(a) For the fixed value of r=1.0, A=0.0and A; =-1.0,0.0and 0.5.
(b) For the fixed value of r=1.0, A=0.0and q =1.0,5.0and 20.0.
(c) For the fixed value of A;=0.0, A=0.0andr=0.01, 0.5 and 1.0.
Fig. 4. (Color online) The phase diagrams in (T, q) plane.
(a) For the fixed value of r=1.0, Q.=1.0, A=0.0and A; =-1.0,0.0 and 0.5.
(b) For the fixed value of r=1.0, A;=0.0, A=0.0and Q. =1.0,3.0and5.0.

(c) For the fixed value of A;=0.0, Q.=2.0, A=0.0andr=0.01, 0.5 and 1.0.
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