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Abstract 

In this research it has been constructed the ground-state phase diagram of a mixed spin-3/2 and spin-7/2 

Blume-Capel Ising system on a square lattice in the ),( BA DD plane. Magnetic phase transitions, in a 

molecular based magnet, are tested using mean field method (MFM). The equilibrium magnetizations 

can be achieved by minimizing the free energy which is vital for locating and spin compensation points as 

well. By utilizing mean field theory (MFT) on principles of Bogoliubov inequality of the free energy, it has 

been investigated the spin compensation phenomena. In particular, characteristic ferrimagnetic features 

have been shown depending on the negative values of the different single-ion anisotropies BA DD , , acting 

on the A atoms and B atoms, respectively. 

Keywords: Blume-Capel Ising model; Ground-state phase diagram; Compensation temperature; 

Magnetic free energy. 

Introduction 

Recently, many researchers experimentally 

worked in the area of molecular based 

magnetic materials. These materials are 

compounds play an important role on 

supporting the storage applications and the 

density speed [1]. The heterocomplex, in 

particular 

nbpyOnHbpyOHGdCNCNCr n 5.1.4.)]()()()([ 24224  ,

has been synthesized successfully. It contains 

the gadolinium )(IIIGd and chromium 

)(IIICr atoms which are coupled 

ferrimagetically. The magnetization 

variations under the effects of both 

temperature and the presence of magnetic 

fields of the gadolinium 

orthochromate 3GdCrO , where the 
3Cr and 

3Gd moments possess anti-parallel coupling 

may have been discovered [2].Theoretical 

investigations, in this respect, are intensively 

studied as simple models that can be shown 

ferrimagnetic behaviors. It is worthy note 

that the ground-state phase diagrams are 

useful to reveal regions that important 

magnetic behaviors could arise [3, 9]. J.S. da 

Cruz Filho et al constructed the ground-state 

phase diagram of the spin-2 and spin-5/2 

mixed Ising. Model at absolute zero 

temperature in the anisotropy space [10].So, 

the researchers inspected the presence and 

dependence of compensation points on single-

ion anisotropies. They examined the 

influence of different crystal fields on the 

critical temperature of the mixed Ising 

ferrimagnets, in the light of reliability of the 

numerical results for the phase diagrams at 

finite temperature [11, 13].  

One has found that the compensation 

temperatures increase with increasing the 

values of both single-ion anisotropies. On the 

other hand, N. De La Espriella et al [14] 

investigated the behavior of ground state 

phase diagrams of a mixed Ising system on a 

bipartite square lattice and proposed that the 

Hamiltonian includes coupling to first and 

second neighbors, respectively. In this 

correspondence, it has been studied a Blume-

Capel Ising ferrimagnetic system with mixed 

spin on a square lattice in which the two 

mixing sublattices have spins ( 2/3,2/1  ) 

and spins ( 2/7,2/5,2/3,2/1  ). First, it 

has been constructed the ground-state phase 

http://www.jgpt.co.in/
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diagram of the proposed system in the 

)/,/( JDJD BA plane. Within the mean field 

approximation based on the Bogoliubov 

inequality for the free energy, it has been 

surveyed the spin compensation phenomena 

of the model. So, distinctive ferrimagnetic 

behaviors have been attained based on, 

exclusively, the negative values of the 

magnetic anisotropies BA DD , , acting on the 

A atoms and B atoms, respectively. 

Theory  

In this paper the system which is considered 

consists of two interpenetrating sublattices. 

One sublattice has spins )( A

i  take four 

values, and the other sublattice has spins 

)( B

j taking eight values. So, the 

Hamiltonian of the mixed spin Blume–Capel 

Ising ferrimagnetic system is given as [7, 10]: 

 

  
ji i j

B

jB

A

iA

B

j

A

i DDJH
,

22 )()(                                             (1) 

 Where the sites of sublattice A are occupied 

by spins 
A

i  taking the values of  1/2,  3/2, 

and the sites of sublattice B occupied by spins 
B

j  can take the values of  1/2,  3/2,  5/2, 

 7/2. BA DD ,  Are the anisotropies affecting 

on A-sites and B-sites, respectively. J Is the 

exchange interaction parameter (J <0).By 

manipulating the Hamiltonian through using 

Bogoliubov. Inequality, the free energy of the 

model is estimated [7, 10], such that: 

 

000  HHFF                                                                                        (2) 

Where  F  is the free energy of H given by (1), and, 
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Minimizing the right hand of Eq. (2) with respect to variational parameters, one can obtain the 

approximated free energy as,  
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Where N  is the total number of sites of lattice? Minimizing this expression with respect 

to BA  , , that one has, 

BA Jzm  , AB Jzm ,                                                                     (5) 

 With, 
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 Where z
TKB

,
1

  is the number of nearest neighbor sites? 

The signs of sub lattice magnetizations are 

opposite in the ferrimagnetic region, hence 

there may be a spin compensation 

temperature were the interpenetrating 

sublattice magnetizations annihilated [7, 15]. 
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Results and Discussions  

The mixed spin-3/2 and spin-7/2 Blume-Capel 

Ising. Models expose eight phases with 

various values of { BABA RRmm ,,, }, i.e., the 

ordered ferromagnetic phases: 
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And the parameters AR  and BR  are defined as: 

22 )(,)( B

jB

A

iA sRsR                                                                          (8) 

 So, the corresponding ground-state energies per site for these phases are: 
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By comparing the energies (i.e., Eqs.(9)- (16)), 

one can create the ground-state phase 

diagram of the system with z=4, as shown in 

Fig.1. 
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Fig.1: Ground state phase diagram of the considered model with the (z=4) nearest neighbors and different crystal 

fields DA and DB . The ordered phases: 
87654321 ,,,,,,, OOOOOOOO , , are separated by thin lines, respectively 
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Now, let us consider the magnetic properties 

(i.e., spin compensation points and critical 

ones) of the mixed spin ferrimagnetic system 

with different crystal fields through which 

one can obtain characteristic magnetic 

behaviors of the system. Fig.2 resembles the 

global magnetization against the absolute 

temperature, in the absence of an external 

magnetic field, for different values of JDA / .  

It is interesting to examine the characteristic 

properties of the system that one can obtain a 

compensation temperature ( kT ) for 

the A atoms and B  ones when they are 

under the effect of particular values of crystal 

fields BA DD , , respectively. As shown in Fig.2, 

the system may exhibit characteristic 

features in the temperature dependence of 

the magnetization depending on the values of 

magnetic anisotropy AD  for a particular 

value of BD , that it is possible to have two 

compensation points at 0/ JTkB  and 

0/ JTkB , respectively. It has been found 

that there is a response of the system for 

induction of two compensation temperatures 

in the range of negative values of anisotropy, 

namely, 5.1/25.0  JDA , with a fixed 

value of 0.2/ JDB , of the sites occupied 

by B- atoms. One can observe Fig.(3), that 

the system does exhibit multicompensation 

points in the thermal variation of the system 

magnetization obtained by solving the 

coupled equations for Am  and Bm  

numerically.
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Fig.2: the global magnetization M  versus temperature for the mixed–spin Ising ferrimagnet with z=4, when the 

value of JDA /  is changed, for fixed 0.2/ JDB  
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Fig.3. A close view the temperature variations of the magnetization for the mixed-spin Ising. Ferrimagnet with z=4, 

when 0.2/ JDB  and 5.1/ JDA  
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At the points were the system may show two 

compensation temperatures, the 

magnetization of the interpenetrated 

sublattice Am  is more ordered than the 

magnetization of the interpenetrated 

sublattice Bm  below the compensation point. 

These sublattice magnetizations are still 

incomplete so there is a residual 

magnetization in the system. As the values of  

JDA /  are decreased, at particular values of 

crystal fields JDB /  affecting on the B-atoms 

(one can observe Fig.3), the orientation of 

this remaining magnetization may change. 

However, due to entropy only a number of 

spins will flip their directions. Thus, the 

sublattice magnetization Bm  turn out to be 

more ordered than the sublattice 

magnetization Am  for temperatures above 

the compensation point. At a point below the 

transition one will have a total cancellation of 

the global magnetization, i.e., a compensation 

temperature is happened [7, 12, 15].Now, let 

us discuss the temperature dependence of the 

sublattice magnetizations Am  and Bm  by 

solving the coupled Eqs. (5)-(7) Numerically. 
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Fig.4: The temperature behavior of sublattice magnetizations mA ,mB for the mixed–spin Ising ferrimagnet with z=4, 

for various values of JDA / , and constant 5.0/ JDB  
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Fig.5: Thermal behavior of sub lattice magnetization mA, mB for the mixed–spin Ising ferrimagnet with the z=4, for 

several values of JDB / , and constant 25.2/ JDA  

  

A case has been considered in the ( TmA , ), 

( TmB , ) planes for the mixed-spin Ising 

ferrimagnet with coordination number z=4, 

when the values of JDB /  and JDA /  are 

changed, as shown in Figs.((4),(5)), 
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respectively. In Fig.4, when 0.6/ JDA  for 

fixed ,5.0/ JDB  the sublattice 

magnetizations of mixture show a 

characteristic thermal variation behavior. So, 

the system shows that a sharp rapid increase 

from its saturation magnetization occurs. 

Within the range 5.5/ JDA , the sublattice 

magnetization Am  shows a normal behavior 

(i.e., Q-type)[16]. Fig.5 refers to the thermal 

variations of the sublattice magnetizations 

BA mm ,  for the same system with the value of 

JDB /  varies for a fixed value 

of 25.2/ JDA .  

For 4.1/0.2  JDB , the temperature 

dependence of Am  may exhibit a rather rapid 

decrease from its saturation value at 

0/ JTkB .The phenomenon is shown when 

the value of AD  approaches the critical 

value, in particular, at the critical value and 

for
KT 0 , the saturation value of Bm  is 

0.2 , indicating that in the ground state the 

spin configuration of the system consists of 

the mixed phase 
2

3
B

js  or 
2

5
B

js , with 

equal probability. One should notice that a 

new behavior, not predicted in the Ne'el 

theory of ferrimagnetism [15], observed in 

our model, when a value of 

JDB / approaches the critical 

one 5.1/ JDBC . On the other hand, we 

have investigated the contribution of free 

energy to the thermodynamic phase stability 

of the mixed spin ferrimagnet which is 

considered. Free energy as a function of 

sublattices magnetizations has been 

calculated according to Eq.(4), is shown in 

Fig.6, and Fig. 7, respectively.  

For the explanation of the free energy of the 

ferrimagnetic or antiferromagnetic state(at a 

compensation point CTT  ) and 

paramagnetic one(at transition 

temperature CTT  ), one can observe the free 

energy curve has an inflexion that it 

corresponds a discontinuous behavior and at 

a critical anisotropy value the free energy of 

the system is continuous, respectively.  

So, the magnetization curves go to zero 

continuously separating the ferrimagnetic 

phase from the paramagnetic phase which is 

called the second-order phase transition or 

the Curie temperature. Whilst if a 

magnetization jump to either zero or to 

another value occurs there is the first-order 

phase transition temperature, or rather the 

temperature at which the magnetization 

jump occurs[6,7].The results shown in Figs. 

(6, 7) are consistent with those derived from 

Figs. (4, 5), respectively. 

    

-6.5

-5.5

-4.5

-3.5

-2.5

-1.5

-0.5

0.5

-4.5 -3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5 3.5

-7.5

DA/IJI=-5.0

-5.5

-6.0

 -6.5

Free Energy

        F

mAmB

 
Fig.6: Free energy variations of the sublattices magnetizations for a square lattice of the mixed-spin 

ferrimagnet for different values of JDA / , when the value of 5.0/ JDB  



Amenah Zuhair & Hadey K. Mohamad| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 07 (Suppl.) |849-858 

©2009-2019, JGPT. All Rights Reserved                                                                                                                              855 
                                                                                                                      

-5

-4

-3

-2

-1

0

1

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

        DB/IJI=-1.40

-2.0

-1.75

-1.50

-1.60

-1.65

mAmB

 
Fig.7: Free energy variations of the sublattices magnetizations for a square lattice of the mixed-spin ferrimagnet for 

different values of JDB / , when the value of 25.2/ JDA  

 

Moreover, we have examined the total 

magnetization with thermal variations and 

acquired compensation types of the Blume-

Capel Ising model. Fig.8 illustrates the 

thermal dependence of total magnetization 

|M| for certain values of anisotropies when 

z=4. One can observe Fig.8 that the 

considered model undergoes five types of 

different behaviors which are N-, Q-, R-, M-, 

and L-type, respectively. The appearance of 

these curves is strongly dependent on the 

crystal fields’ values.  
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Fig.8: Different types of thermal dependence of magnetizations for z=4. (a) N-type for DA/|J|= -1.5, and DB/|J|= -2.0, 

(b) Q-type for DA/|J|= -2.25 and DB/|J|= -1.5 (c) R-type for DA/|J|= -3.5 and DB/|J|= -0.8 (d)  M-type for DA/|J|= -0.5 

and DB/|J|= -2.0, (e) L-type for DA/|J|= -3.5 and DB/|J|= -1.5 

 

Conclusions 

The phase diagram of the ground-state for 

the mixed spin-3/2 and spin-7/2 Ising 

ferrimagnet with Blume-Capel term included 

has been created. The magnetic assets of the 

system with different crystal fields have been 

found by solving the general expressions 

numerically. So, the magnetization curves 

have shown some outstanding features (two 

compensation temperatures). Thus, the 

obtained outcomes can be compared with 

those of a mixed spin-3/2 and spin-5/2 

system[3], and the mixed spin-3/2 and spin-2 

on the basis of Bethe lattice[5], showing one 

or two compensation temperatures based on 

the values of the crystal fields, respectively. 

Furthermore, a theoretical study for a mixed 

spin-5/2 and spin-7/2 Ising model, which was 

treated by Monte-Carlo simulations on a 

square lattice under periodic boundary 

conditions[8,9], investigated compensation 

behaviours where the global magnetization is 

vanished. One can compare with those 

behaviors tested in our model for different 



Amenah Zuhair & Hadey K. Mohamad| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 07 (Suppl.) |849-858 

©2009-2019, JGPT. All Rights Reserved                                                                                                                              857 
                                                                                                                      

values of JDA / , and JDB / , as shown in 

Figs.(2,3,8(a),8(d),8(e)), respectively. It has 

been observed that the decrease the 

anisotropy of A-atoms, the decrease the 

transition temperature, as shown in 

Figs.(2,4). Whereas, a transition temperature 

is occurred at higher one for appropriate 

values of 25.2/ JDA  and 

4.1/ JDB (see Fig.5).  

A mixed spin-3/2 and spin-7/2 Ising model 

[2], presented the crystal field dependence of 

the total magnetization M for diverse values 

of the temperature that M increases to its 

saturation value M = 1 with increasing 

crystal field JD / , in the presence of an 

external field. By contrast, it is seen that the 

magnetization decreases for different values 

of 6/ JD  as JD /  increases and it 

saturates to M= − 1. These results seem to be 

in line with ours, when the values of single-

ion anisotropies for both atoms are changed, 

one can see Figs.(4,5). In particular, the 

thermal variation in the ferrimagnetically 

coupled system can exhibit new types of 

magnetization curves M, as shown in Fig.8 

(a), Fig.8 (d), and Fig.8 (e), respectively. They 

have not been predicted in the Neel theory 

[15].  

Such a system has not yet been done within 

the mean-field approximation based on the 

Bogoliubov inequality for the free energy. 

Finally, we hope that our present results may 

be fruitful, to support and clarify the 

characteristic features, in a series of 

molecular-based magnets 

nbpyOnHbpyOHGdCNCNCr n 5.1.4.)]()()()([ 24224 

[2], when the experimental data of 

ferrimagnetic materials are analyzed. 
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