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Abstract

The mixed-spin ferrimagnetic Ising system  consists of two-dimensional
sublattices A and B with spin values s, =—1 and s, =5/2 respectively .By used the
mean-field approximation MFA of Ising model to find magnetism(mg,m,).In order
to determined the best stabile magnetism , Gibbs free energy employ a variational
method based on the Bogoliubov inequality .The ground-state (Phase diagram)
structure of our system can easily be determined atT =0 , we find six phases with
different spins values depend on the effect of a single-ion anisotropies Dy, D, .these
lead to determined the second , first orders transition ,and the tricritical points as well
as the compensation phenomenon .

Key words: mixed-spin Ising model; ferrimagnet; single-ion anisotropy;
compensation point.

Introduction:

There are many studies of mixing includes, in section 2 formulation of
spin Ising systems investigated in the the model and its mean-field solution .
past for Dboth theoretically and A Landau expression of the free energy
experimentally, since magnetic in the order parameter is demanded in
materials represented important for this section . Finally , we have
technological applications. The mean- discussed in subject of the phase
field approximation (MFA)describes diagrams for various values of the
cooperative phenomena in which the anisotropies , and this is the substance
effect of the ordering interaction our paper .

represented by that of a mean field

proportional to the average net . .
magnetic moment of a magnetic Formulation of the model and its

system [1] . There is an interesting approximate solution:

possibility of the existence of a The mixed-spin  ferrimagnetic
compensation temperature (T, <T.) , Ising system , we are interested in,
at which the resultant magnetization consists of two-dimensional sublattices
vanishes [2].A. Dakhama et al [3] A and B with spin values s, =1 and
obtained an exact solution for the s, =5/2 respectively. The system is

mixed spin-1/2 and spin-5/2 system
showing that the presence of second-
neighbor interaction is essential for the
occurrence of a compensation point .
Monte-Carlo simulation results [4] of a _ AcB A2 By2
mixed spin-2 and spin-5/2 lsing model "= Jijiz,:si JRLOICREED WU
on a layered honeycomb lattice agree

with ref.[3] . The outline of this work

described by the following
Hamiltonian :

i i
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Where the sites of sublattice A are
occupied by spin s,* taking the values
of 0,%1, and the sites of sublattice B
. . B .

occupied by spins s; taking the
values of +1/2,+3/245/2 .D,,D,
are the anisotropies acting on the spin-
1 and spin-5/2 respectively. J;; is the
exchange interaction between spins at
sites I and j .

In order to derive the best possible
approximation to  the model for a

given microscopic Hamiltonian , we
employ a variational method based on
the Bogoliubov inequality for Gibbs
free energy [5] :

F<®=F,+(H-H,),..(2)

Where F is the free energy of H given
by relation (1) , F, is the free energy
of a trial Hamiltonian H, depending
on variational parameters and (...,
denotes a thermal average over the
ensemble defined by H,. In this work
we consider one of the simplest
possible choices of H,, namely :

Ho = =D 1487 + D, (51)° 1= X [4es} + Dy (s5)°1..

Where A,and A, are the two

variational parameters related to the
two different spins respectively .

Now , let us obtain the
approximated free energy of the
system considered by minimizing the
right side of equation(2) with respect to
variational parameters . Thus , we can
evaluate the expression in Eq.(2) that
one has :

®
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1 1
=——{In[1+ 26"+ cosh(= B4,)] +

Zﬁ{ [ (2/3 )l
In[ 26254/ cosh(g Bl )+ 2% cosh(g Bly)+

261/ 4/Pe cosh(%ﬂfis N}+1/24,mg...(4)

is the total

Where g = L

KB
number of sites of lattice and Z its
nearest-neighbor coordination
number The sublattice
magnetizations per site m,,m, are

defined by :

<SA> _ 25inh(ﬂ/1A)
"o 2cosh(pA,)+e P

N
T

My

®)

s g Bly)+3e~+ sinh( g Bly)+e e sinh(% )
mg = SJ =—
° 2 cosh(;ﬂAB)Jre"“DB cosh(;ms) +e /P cosh(%ﬁis)

Minimizing the expression (4)

with respect to A,andA; , we
obtain :
Ay =2Img A =2Im,...(7)

Since the present model has been able
to provide an insight into the nature of
first and second-order phase transitions
, the stable phase will be the one which
minimize the free energy . Thus , the
detailed analysis of the phase diagram
can be determined analytically . So ,
we need to expand eqgs.(4)-(6) close to
the second-order phase transition , for
example , from an ordered state to the
paramagnetic one , the magnetizations
maand mg are very small [1] , then one
has :

f = f, +ami +bm, +cmS +dm?...(8)

Where the coefficients f , a and

b are given by :

0!

f —

(o]

1
_iln[(“— Xa)(Xp + Yy +25)]---(9)

(6
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1 1 1
a= —E[tzbl + Zt4a1b12] + EtZJbl(lO)

With
t=05218,  x, =2e",
X, = 2625/4/}0B Y, = 269/4[)’DB
7, = 26!/ a - 4x, , ..(11)
1+x,
b = 25X, +9y, + 2,
LoX, Y, +2,
b _ 1625x, +81y, +7,
22 X+, +1,
The second and first-order phase

transition lines are then determined
when a=0,b>0 and a=b=0 ,c>0
respectively [1] . Hence the points at
which a=0 , b>0 and a=b=0 , ¢>0 are
the critical and tricritical ones
respectively .

Results and discussions:

First, let us consider the ground-state
structure of our system can easily be
determined from Hamiltonian (1) by
comparing the energies of the
corresponding configurations as shown
in Fig. (1) . At zero temperature , we
find six phases with different values of
{ma ,ms ka ,kg}, namely , the ordered

Ferrimagnetic phases
5,25

11215y 2p131%9 0 g 1at
O].:{ 112!11 4}102 _{ 1121114}103 _{ 1121114}

and disordered phases
_ By p Hp. - L
D, ={0,0,0, n 1,D, ={0,0,0, 4}, D, ={0,0,0, 4},

where the parameters ka and kg defined
by :

ka=(61)7), ke =((5)7)-12)

the ground-state phase diagram is
easily determined from Hamiltonian
(1) by comparing the ground state
energies of the different phases , the
phase diagrams are numerically
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analyzed in the (D,,T )and
(Dg,T )phases by using Eq.(1).

Dl O 1 0.25
D, /7J| D, 51
2 -0.5
D3 03 -0.75
D, /79|

Fig.1. Ground state phase diagram of the
mixed spin-1 and spin-5/2 Ising ferrimagnet
system with the coordination number Z and
different single-ion anisotropies Da and Dg .
The six phases: ordered O1,0,,, and Oz and
disordered D1,D,,, and Ds are separated by
thin lines .

In fig.(2)the phase diagrams of
KgTe /23] versus D, /z|J| are shown

for selected values of Dg/z|J|. Solid

and light dashed lines are used for the
second and first-order transition,
respectively, while the heavy dashed
curve represents the positions of
tricritical points. The second-order
phase transition lines are easily
obtained from Eq.(10) by setting a=0
Jhowever , the first-order phase
transitions must be determined by
comparing the corresponding Gibbs
free energies of the various solutions of
Eq.(5) and (6) for the pair (m,,mg ).In
particular , the values of the transition
temperature in the absence of
anisotropies (D, =Dy =0)are
KeTe /z|J|:O.6987,0.930433

and1.396067 for Z=34 and 6
respectively. These results may be
compared to those of the effective-field
theory with correlations [6].
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The critical points at which the
phase transitions change from second
to first order ,are determined from Eq.

(10) by setting a=0. We note that for
Dy — 400, when the

2
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Fig. 2. Phase diagram in the (Da,T) plane for the mixed-spin Ising ferrimagnet with the coordination
number Z , when the value of Dg is changed . The solid and light dashed lines indicate second and
first-order phase transitions ,While the heavy dashed line represents the position of tricritical points. P

is the paramagnetic phase .

spin 5/2 behaves like a two level
system  with  S? =45/2,  the
coordinates (D, /Z|J|, KgT /z]J|)of the
tricritical point are (-2.30375,1.1625).
On the other hand , for Dy — —oo, the
SJ.B =+5/2 states are suppressed and

the system becomes equivalent to a
mixed spin %2 and spin 1 Ising model
[7] with the tricritical point located at
(-0.45,0.2775). for its reason the

787

coordinates of the tricritical point in
the limit of large positive Dgare five
times higher than those for large
negative Dg.Fig. (3) shown the phase
diagrams in the (D,,T) plane for
different  values of D, .For
D, /23| >-0.4925 the phase diagram

are topologically to that of the spin 5/2
Blume-capel model which does not
include any tricritical point[8].
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is the paramagnetic phase .

When D,/z|J|<-0.4925, a new

type of phase diagram is achieved with
a first-order transitions segment at
lower temperatures and a segment of
second-order transitions at higher

temperatures. AsD,/zJ]is lowered

from -0.4925, the O,phase region

becomes narrow and simultaneously |,
the tricritical point shifts towards the

less negative values of Dg/z|J| and

the higher temperatures. At
D,/7J|=-0.5, the O, phase
disappears in agreement with the

ground-state phase diagram (Fig.1) and
we obtain : for

—2.30375< D, /2]J| < -0.5 ,the

ferrimagnetic O, and paramagnetic P

phase that are separated by both
second-and first-order transition lines.

However, at D,/z|J|~-2.30375 the

-0.15

0.05 0.25

Dy / z|J|

Fig. 3. Phase diagram in the (Dg,T) plane for the mixed-spin Ising ferrimagnet with the coordination
number Z , when the value of Dais changed . . The solid and light dashed lines indicate second and
first-order phase transitions ,While the heavy dashed line represents the position of tricritical points. P
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second-order  transition  segment
shrinks to zero and thus , for

—2.30375< D, /7]J| < -0.5 ,the
O, — P transition is first order only.

Conclusions:

The mean-field approximation has
been used in this treatment. The phase
diagram of the mixed spin-1 and spin-
5/2 Ising Ferrimagnetic system with
different single-ion anisotropies has
been determined The magnetic
properties of the system have been
found by solving the general
expressions numerically. Furthermore,
the  magnetization curves have
exhibited some characteristics different
from the corresponding mixed spin-1
and spin-3/2 system. On the other
hand, the phase diagram at low-
temperature and the  sublattice
magnetizations of the present work
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have shown a number of interesting exactly solvable model. J. Magn.

behaviors. We hope that our present Magn. Mater. 213 : 117-125.

results may be helpful when the 4.Buendfa, G. M. ,and Novotny, M.

experimental data of Ferrimagnetic A.,1997 Numerical study of Ising

materials are analyzed . ferromagnetic system , J. Phys.

Condense, Matter 9 :5951-5964.
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