
 University of Thi-Qar Journal of Science (UTJsci) 
     E-ISSN:2709-0256, ISSN Print: 1991-8690  Volume (10), No.1, June 2023 

____________________________________________________________________ 
 

 This work is licensed under a Creative Commons Attribution 4.0 International License. 

https://doi.org/10.32792/utq/utjsci/v10i1.1046 
145 

Phase transitions of a mixed spin ferrimagnet in 

high temperatures 
 

  Intesar A. Obaid1            

Department of Physics/College of 
Science/University of Thi-Qar 

Nassiriya 640001, Iraq 

inte.abdullhussein@sci.utq.edu.iq 

Shakir D. Al-Saeedi2 

Department of Physics/ College of 
Science/ University of Thi-Qar 

(Nassiriya 640001, Iraq 

shakirdiwan_2phy@sci.utq.edu.iq 

  Hadey  K. Mohamad3 
College of Science/Al Muthanna 

University 
Samawah550, Iraq 

hadey.mohamad@mu.edu.iq 

 

 

Abstract—     In this research molecular mean field theory 

(MMFT) has been investigated based on Gibbs-Bogoliubov free 

energy function of a ferrimagnetics mixed spin-3 and spin-5/2 

Blume-Capel model with different magnetic crystal fields. The 

free energy of the proposed ferrimagnet has been evaluated 

depending on the trial Hamiltonian operator. Minimizing the 

free energy, one may induce characteristic features of the 

longitudinal magnetizations, phase transitions and spin 

compensation temperatures, in the ranges of low temperatures, 

respectively. In particular, this  research has studied the effect 

of crystal field domains on the critical phenomena for the 

proposed model. The sublattice magnetization dependence of 

free energy function has been discussed as well.  the results 

predict the existence of multiple spin compensation sites in the 
disordered Blume-Capel Ising system for a simple cubic lattice.  

Keywords— Molecular mean field theory; Ferrimagnetic 

phase transition; Crystal field domain; Spin free energy 
function; Curie temperature. 

 

I. INTRODUCTION 

 
      Due to the increasing demands being placed on the 
performance of magnetic solids, there is much interest in the 

magnetic properties testing of molecule-based magnets. The 

crystalline nonmetallic compounds with
pp BA 1

 where A and B 

are different magnetic atoms, which are ferrimagnets due to a 
strong negative A–B exchange interaction, have found important 
applications in recording media, and permanent magnets[1-6]. It is 
important to mention that in rare earths of the paramagnets the R-

Mn );( TerbiumErbiumErTbR   couplings are dense 

enough to align the manganese moments of the Mn-R-Mn slabs, 

which gives the ferromagnetic assemblies of Nd- and 
66GeSmMn , 

and the ferrimagnetic prearrangement detected in 
66SnRMn

compounds at room temperature[7,8]. Thus, a ferrimagnetic 
behavior at high temperature in Tb  has to be related to a dominant 
negative Tb-Mn exchange interaction[7]. Researchers, in this 
respect, observed the magnetic behavior of which can be described 
as" bootstrap ferrimagnetism", i.e., at high temperature these 

composites visibly act as archetypal ferrimagnets  M. Karimou et 
al.[9] have investigated the crystal field and external magnetic field 

effects on the magnetization of the mixed-spini(7/2, 5/2) 

ferrimagnetic according to the Ising model that can be by Monte 
Carlo simulation and mean-field calculations. The authors have 
induced compensation temperatures for such a system where the 
global magnetization vanishes. Particularly, a bilayer magnetic 
film with an ordere  Ising-type Hamiltonian has been examined by 
taking an interlayer an interlayer antiferromagnetic coupling in 
consideration. It is essential, in this work, a mixed-spin Blume-
Capel Ising model, to be examined consisting of spin-3 and spin-

5/2. Ground-state phase diagrams are useful torcheck the reliability 
of numerical results for these diagrams at low temperatures and 
high temperatures, respectively. So, it allows identifying regions 
induce interesting magnetic phenomena[10-19]. The purpose of 
this research  is to construct the ground-state phase diagram and 
studied sublatticenmagnetizations of the disordered alloy with 
various magnitudes of the crystalifields, throughout the framework 
of molecular mean-field approximation(MMFA). A Landau-

Bogoliubov expression of the freerenergy in the orderrparameter is 
required.  

 

II. Methodology 

    the nearest neighbor Blume-Capel Ising model in zero 

field on a lattice has two sublattices A,B having N sites, 

each site having z  nearest neighbor. The exchange 

interaction between A and B atoms is proposed to be 
ferrimagnetic. Now, the proposed systemnis expressed 

by the Hamiltonian operator as [11,12],  

 

  
ji i j

B

jB

A

iA

B

j
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iij DDJH
,

22 )()(       (1)                                           

    where the sites of sublattice A are occupied by spins 
A

i  

values 0,1,2,3  , and the sites of sublattice B spins 
B

j  

values of   1/2, 3/2, 5/2. JDA / , and JDB / , are 

the crystal fields, i.e.,  magnetic anisotropies acting on the 

spin-3, spin-5/2, respectively. ijJ  is interaction between 

spins at  sites i and j. A systematic way of evaluating the 

MFM for a microscopic Hamiltonian is to start from the 

Bogoliubov inequality as[20], 
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ooo HHff                               (2)     ,                                                                        

 

where f  is the free energy function of system, oH   is a 

trial Hamiltonian operator depending on variational 

parameters, and f  the corresponding free energy function. 

In this research paper we consider the suitable choices of a 

trial Hamiltonian operator is[19,20], 
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AK  and BK  are the two variational parameters are 

connected to the two different spins, respectively. So, one 

obtains the free energy of the proposed system that Eq.(2) 

becomes, 
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Minimizing this expression with respect to AK  and BK  

giving self-consistent formulae for the mean magnetic 

moments, as, 
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and,  

ABBA zJmKzJmK  ,          (7)                                                                      

the ferrimagnetic compensation behavior of the 

considered system can be obtained by requiring the total 

magnetization as being equal to zero for different values 

of crystal fields; though the reduced magnetization of the 

anticipated structure are not equal to zero[19, 20], that, 

   )(
2

1
BA mmM                                   (8)                                                                                   

II. RESULTS AND DISCUSSION 

The mixed spin-3 and spin-5/2 Blume-Capel Ising.model 

expose twelve phases with various values of {

BABA mm  ,,, }, i.e., the ordered ferrimagnetic phases 

are, 
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and disordered phases 

The parameters   and    are defined as: 

22 )(,)( B

jB

A

iA ss  
     (9) 

For evaluating the corresponding ground-state energies per 

site for each of the indicated phases above   the ground-state 

phase diagram of the system with z=6 can be constant, as 

shown in Fig.1.  

 

 

Figures and Tables 

           
Fig.1   Ground- state phase diagrams that considered model with the nearest  

neighbor(z=6) and different crystal fields DA and DB. The ordered and 

disordered phases:  

,,,:)(,,,,,,,,, 365219874321 DOOODandDDOOOOOOO 
,are separated by thin lines, respectively. 

 
the ground-state phase diagram structure has been found, for 

the temperature requirement of the interpenetrated lattices 

magnetization    and    , solved numerically by the 

coupled Eqs. ((5)-(7)). For a simple cubic lattice, as shown 

in Fig.2, the observable range       | |⁄      , that 

the heat dependence of    may exhibit a rather smooth 

decrease from the saturation value at   | |⁄   . When the 

value of   | |  approaches the critical value, the 
phenomenon is clearly enhanced. Particularly, at the critical 

value of the A-atom anisotropy, when     | |⁄   , the 

saturation value of    is 1.0, indicating that in the ground 

state the spin configuration of the system consisting of the 

mixed phases   
   

 

 
, and   

   
 

 
, are with equal 

probability. So, one should notice that a new behavior 

induced in the present model, not predicted in the Ne'el 

theory of ferrimagnetism[21], when a value of   | | 
approaches the critical one, i.e.,    | |      .  
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Fig.2. the submagnetization mA ,mB based on temperature variations for the 

mixed ferrimagnet ( z=6), when the value of   | | is changed, for fixed 

  | |       

 

 
 

Fig.3. A closer look at M on the basis of different heat signatures. for the 

same considered system, but with z=6, when   | |       and  | |  
      . 

 

Besides, We present an intriguing characteristic of 
compensating temperatures for a simple cubic lattice at 

various anisotropies. 0.3/ JDA , 995.2/ JDB

. As is noticed from the Fig.3, The compensation 

magnetization seems to be more organized Am than the 

beneath compensating heat in the region where the system 

may display three compensating sites. These magnetizations 

are remained inadequate, so there is a remaining 
magnetization. As the temperature is increased, at certain 

values of crystal fields, i.e., magnetic anisotropies JDA / , 

JDB / acting on the sublattices atoms, the orientation of 

the residual magnetization may switch. Because of the 
entropy of certain spins can flip their directions, the 

sublattice magnetization Bm  becomes more well-organized 

than the sub magnetization Am , for the temperatures above 

compensation one. However, there isian intermediately 

point  such that the cancellation is complete, so a 

compensation temperature is induced[20]. It is worth 

mentioning that the molecular MFT for ferromagnetic case, 

predicts  the presence of a compensation pointiin the 

ordered phase where the total moment become vanish [5, 6]. 

 
Fig.4. Free energy dissimilarities of the sub magnetization  for a z=6 of 

the mixed-spin ferrimagnet for several values of  | |, when the magnitude 

of  | |       . 

 

This reserch have inspected the action of free energy on 

thermodynamic phase steadiness of the system under study. 

Free energy of the present system has been calculated 

according to Eq.(4), so the free energy behaviors are shown 

in Fig.4, for a simple cubic lattice. The behavior of a 
ferrimagnetic or antiferromagnetic state(at a compensation 

point     where CT is the transition temperature)) and 

paramagnetic one(at transition temperature    ), is based 

on the curve of free energy exhibits an inflexion that 

correlates to a discontinuity, however at a critical anisotropy 

value, the system's free energy Is continuous [20,21]. As a 

result, the magnetization curves constantly decrease to zero, 
separating the ferrimagnetic phase from the paramagnetic 

phase; this occurrence is termed as phase transition. of the 

second-order or the Curie point. When a magnetization falls 

to zero or some value, however, a first-order phase transition 

happens, or perhaps the temperature at which the 

magnetization jump occurs[20]. The features shown in Fig.4, 

is convenient with those  derived from Fig2. 

.

 

Fig.5. Temperature dependences of the sublattices magnetizations mA 

,mB for the mixed ferrimagnet( z=6), when the value of    is changed, for 

fixed          

In Figs.5,6,shaw sublattices magnetizations versus 

temperature, for two values of 5.3,5.2 J , when 
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0.20BD . Our proposed system experiences second-

order phase transition temperatures are 
KTC 24 , and 

KTC 51.45 , for 5.3,5.2 J , respectively. This 

is evidence that the system can be examined in high 

temperatures, when the exchange interaction couplings 

between ions become 0.1J . Accordingly, in the 

present system the transition temperature CT , is the number 

of magnetic neighbors around a given ion and to the 

magnitude of the interaction between two centres[22]. From 

Figs.6,7, the system is passed through second-order phase 

transitions and then it moves to first-order transitions when 

5.6,5.5,5.4,5.4,5.3,5.2,5.1,0.1,5.0,5.0,0.1 AD

,
 

for fixed 0.20BD , or when for at fixed value of 

0.20AD ,respectively.

 

Fig.6. Temperature variations of the sub magnetizations mA ,mB for the 

mixed ferrimagnet( z=6), where    is changed, for fixed          

 

Fig.7. Temperature requirements of the sub magnetizations mA ,mB for the 

mixed ferrimagnet( z=6), where    is changed, for fixed          

 

 

IV . CONCLUSIONS 

  
 Though as far as we're involved, within the molecular 

mean-field theory based on the BogoliubovIine quality for 

the free energy, that a compensation point exists or not for a 

such system has still not been implemented. The ground-

state phase diagrams of the mixednspin-3 andnspin-5/2 

Blume-Capel Ising ferrimagnetic system with different 

crystal fields, i.e., single-ion anisotropies have been 

constructed. The magnetic properties of the present lattices 

have been found by solving the general expressions 

numerically. So, the magnetization curves have shawn  

characteristic features that it may produce a spin 
compensation phenomenon. these results with those of a 

mixed spin-2 andfspin-5/2 on a square lattice[6]. The 

researchers a ground-state phase diagram hand studied the 

influence of crystal fields. They have discovered that 

increasing the number of interactions causes higher 

sophistication in the phase diagrams, allowing them to 

investigate locations where key magnetic phenomena may 

emerge. A theoretical study dealing with the mixed spin-2 

and spin-3/2 Ising model, using mean field theory[20], it has 

determined them phase diagram. The authors obtained multi 

critical points and reentrant behavior when the crystal fields, 

i.e., anisotropies  | |or  | |  acting on both atoms are 

increased. However, the proposed system may display three 

compensation points. It had been demonstrated that the 

decrease the magnetic anisotropy of B-atoms the decrease 

the transition temperature( see Fig.7). Because of all the 

growing attention in compensated occurrences as a result of 

their beneficial qualities in communication technology, the 

ground state phase diagram for the combined spin-3 and 

spin-5/2. Our recent findings might be useful in sustaining 
and elucidating the distinguishing properties of a series of 

molecular-based magnets. The R-Mn links are robust 

enough just to recover and realign the manganese moments 

of the Mn-R-Mn slabs, giving rise to the ferromagnetic 

structures of Nd- and         , and the ferrimagnetict 

arrangement observed din        complexes at room 

temperature[7,8]. 

 

REFERENCES 

 
[1]  J. Kplé, S. Massou, F. Hontinfinde, and E. 

Albayrak, "Spin-1/2 Ising model on a AFM/FM two-layer 

Bethe lattice in a staggered magnetic field," Chinese journal 

of physics, vol. 56, no. 3, pp. 1252-1261, 2018. 

[2]  R. Masrour and A. Jabar, "Monte Carlo study of 

magnetic and thermodynamic properties of a ferrimagnetic 

Ising on the bathroom tile (4–8) lattice," Journal of 

Superconductivity and Novel Magnetism, vol. 30, no. 8, pp. 

2115-2121, 2017 

 [3]  A. Feraoun and M. Kerouad, "The mixed spin-(1, 

3/2) Ising nanowire with core/inter-shell/outer-shell 
morphology," Applied Physics A, vol. 124, pp. 1-9, 2018 

 [4]  E. Kantar and M. Ertaş, "The hysteretic features of 

ternary spins (1/2, 1, 3/2) idealized Ising nanoparticles on the 

core–multishell structure," The European Physical Journal 

Plus, vol. 137, no. 5, p. 643, 2022 

 [5]  M. Ertaş, "Dynamic magnetic properties of the 
spin-7/2 Ising nanowire systems with core–shell structure," 
The European Physical Journal Plus, vol  .137 , no. 2, p. 178, 
2022 ..  

[6]  C. Mercado, N. De La Espriella, and L. Sánchez ,

"Ground state phase diagrams for the mixed Ising 2 and 5/2 



 

149 

 

spin model," Journal of Magnetism and Magnetic Materials, 

vol. 382, pp. 288-295, 2015. 

[7]  J. Brabers, V. Duijn, F. De Boer, and K. Buschow, 

"Magnetic properties of rare-earth manganese compounds of 

the RMn6Ge6 type," Journal of alloys and compounds, vol. 

198, no. 1-2, pp. 127-132, 1993. 

[8]  G. Venturini, B. C. El Idrissi, E. Ressouche, and B. 

Malaman, "Magnetic structure of TbMn6Ge6 from neutron 

diffraction study," Journal of alloys and compounds, vol. 

216, no. 2, pp. 243-250, 1995. 

[9]  M. Karimou, R. Yessoufou, G. Ngantso, F. 

Hontinfinde, and A. Benyoussef, "Mean-field and Monte 

Carlo studies of the magnetic properties of a spin-7/2 and 

spin-5/2 Ising bilayer film," Journal of Superconductivity 

and Novel Magnetism, vol. 32, pp. 1769-1779, 2019. 

[11]  T. Kaneyoshi and M. Jaščur, "Magnetic properties 

of a ferromagnetic or ferrimagnetic bilayer system," Physica 

A: Statistical Mechanics and its Applications, vol. 195, no. 3-
4, pp. 474-496, 1993. 

[11]  A. Bobák, "The effect of anisotropies on the 

magnetic properties of a mixed spin-1 and spin-32 Ising 

ferrimagnetic system," Physica A: Statistical Mechanics and 

its Applications, vol. 258, no. 1-2, pp. 140-156, 1998. 

[12]  T. Kaneyoshi, Y. Nakamura, and S. Shin, "A 

diluted mixed spin-2 and spin-5/2 ferrimagnetic Ising 

system; a study of a molecular-based magnet," Journal of 

Physics: Condensed Matter, vol. 10, no. 31, p. 7025, 1998. 

[13]  Y. Nakamura, "Existence of a compensation 

temperature of a mixed spin-2 and spin-5 2 Ising 
ferrimagnetic system on a layered honeycomb lattice," 

Physical Review B, vol. 62, no. 17, p. 11742, 2000. 

[14]  A. Özkan, "A simulation of the mixed spin 3–spin 

3/2 ferrimagnetic Ising model," Phase transitions, vol. 89, 

no. 1, pp. 9 4-115 ,2116.  

[15]  M. Godoy, V. S. Leite, and W. Figueiredo, "Mixed-

spin Ising model and compensation temperature," Physical 

Review B, vol. 69, no. 5, p. 054428, 2004. 

[16]  R. Masrour, A. Jabar, L. Bahmad, M. Hamedoun, 

and A. Benyoussef, "Magnetic properties of mixed integer 

and half-integer spins in a Blume–Capel model: A Monte 

Carlo study," Journal of Magnetism and Magnetic Materials, 
vol. 421, pp. 76-81, 2017. 

[17]  R. Masrour and A. Jabar, "Magnetic properties of 

multilayered with alternating magnetic wires with the mixed 

spins-2 and 5/2 ferrimagnetic Ising model," Superlattices and 

Microstructures, vol. 109, pp. 641-647, 2017. 

[18]  B. Deviren, M. Keskin, and O. Canko, "Magnetic 

properties of an anti-ferromagnetic and ferrimagnetic mixed 
spin-1/2 and spin-5/2 Ising model in the longitudinal 

magnetic field within the effective-field approximation," 

Physica A: Statistical Mechanics and its Applications, vol. 

388, no. 9, pp. 1835-1848, 2009. 

[19]  A. Dakhama and N. Benayad, "On the existence of 

compensation temperature in 2d mixed-spin Ising 

ferrimagnets: an exactly solvable model," Journal of 

Magnetism and Magnetic Materials, vol. 213, no. 1-2, pp. 

117-125, 2000. 

[21]  H. Miao, G. Wei, and J. Geng, "Phase transitions 

and multicritical points in the mixed spin-3/2 and spin-2 

Ising model with different single-ion anisotropies," Journal 
of magnetism and magnetic materials, vol. 321, no. 24, pp. 

4139-4144, 2009. 

[21]  G. Buendia and J. Liendo, "Monte Carlo simulation 

of a mixed spin 2 and spin Ising ferrimagnetic system," 

Journal of Physics: Condensed Matter, vol. 9, no. 25, p. 

5439, 1997. 

[22]  E. Albayrak and A. Yigit, "Mixed spin-3/2 and 

spin-5/2 Ising system on the Bethe lattice," Physics Letters 

A, vol. 353, no. 2-3, pp. 121-129, 2006. 

[23]  J. Oitmaa and I .Enting, "A series study of a mixed-

spin ferrimagnetic Ising model," Journal of Physics: 
Condensed Matter, vol. 18, no. 48, p. 10931, 2006. 

[24]  L. Néel, "Magnetic properties of ferrites: 

ferrimagnetism and antiferromagnetism," Physical Chemical 

& Earth Sciences, no. 31, p. 18, 1984. 

[25]  S. Ferlay, T. Mallah, R. Ouahès, P. Veillet, and M. 

Verdaguer, "A Chromium− Vanadyl Ferrimagnetic 

Molecule-Based Magnet: Structure, Magnetism, and Orbital 

Interpretation," Inorganic Chemistry, vol. 38, no. 2, pp. 229-

234  ,1999.  

 

 

 

 


