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The effects of bimodal random crystal field on the phase diagrams and magnetization curves of
ferrimagnetic mixed spin-1/2 and spin-3/2 Blume-Capel model are examined by using the effective
field theory with correlations for honeycomb lattice. The phase diagrams are obtained on the (4,kT/|J|),
(4,Teomp) and (p,kT/|J|) planes for given values of p and 4, respectively. The model exhibits only the
second-order phase transitions as in the Blume-Capel model with constant crystal fields. In addition, it
was found that the model presents one or two compensation temperatures for appropriate values of
random crystal field for given probability in contrast to constant crystal field case. Therefore, it is
shown that the random crystal field considerably affects the thermal variations of net and sublattice
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1. Introduction

In the last two decades, the mixed spin Ising models have been
studied extensively. The mixed-spin Ising models in comparison to
the systems with one type of spins present less translational
symmetry and may exhibit a new type of critical temperature called
as the compensation temperature (Tcomp) at which the total magne-
tization vanishes below the critical temperatures [1]. Its existence
provides interesting possibilities in technological applications such
as in the thermomagnetic recording and magneto-optical readout
applications [2]. Furthermore, they have also been proposed as
possible models to describe a certain type of molecular-based
magnetic materials that are studied experimentally [3].

On the other hand, the inclusion of a crystal field (CF) into the
model considerably affects its critical behavior. If it is strong
enough, the energy difference between the split levels is large. In
this case, it is energetically more favorable to put as many electrons
into the lower energy level before one starts to fill the higher
energy level. Filling all the orbitals in the lower level means that
they have to be paired up (within each orbital) with opposite spins.
The effect of pairing electrons with opposite spins makes no
addition to the total spin which results in a lower-spin state. Thus
its competition with the bilinear interaction parameter leads
to first-order phase transitions. One usually considers a CF which
is constant throughout the lattice. There are only a few works about
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the spin-1/2 and spin-3/2 Blume-Capel (BC) model with constant
CF in the literature: The phase diagrams and magnetization curves
of the model were investigated by using the effective field theory
(EFT) with correlations [4], the critical properties of the model was
examined in terms of recursion relations on the Bethe lattice [5],
the transverse Ising model was studied within framework EFT with
correlations on the honeycomb lattice [6] and on the square lattice
[7,8] and the kinetic behaviors of the model were investigated
within mean field approach (MFA) [9]. Lately, the random crystal
field (RCF) with some probability distribution instead of a constant
one, i.e. p=1, become popular to investigate as well. The RCF effects
are considered, since the CF may be altered with some internal or
external effects such as the lattice distortions, impurities, defects,
etc. The impurities and defects are known to play important roles in
the existence of first-order phase transitions [10], therefore, the
mixed spin-1/2 and spin-3/2 BC model with RCF is going to be
studied in here. It should be mentioned that there are only two
works with the mixed spin-1/2 and spin-3/2 model with RCF. The
first one analyzes the model in terms of recursion relations on the
Bethe lattice [11] and the other one approaches to the problem
within the MFA [12]. The latter uses a different RCF distribution
then the one that we consider in here and from [11].

Therefore, the aim of the present work is to investigate the RCF
effects by using the EFT with correlations on the phase diagrams
and magnetization curves of the ferrimagnetic mixed spin-} and
spin-3 BC model. The rest of this work is set up as follows: The
next section is devoted to the explanation and formulation of the
model and the last section includes our illustrations and findings
in addition to a brief summary and conclusions.
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2. Formulation

The Hamiltonian of the mixed spin-1/2 and spin-3/2 BC model
is given as

HZ—]ZSin—Z DjO'jz, (1)
<y J

where each S; located at site i represents a spin-} which takes the
discrete values + ] and each g located at site j represents a spin-3
which takes the discrete values + 3, + 1. The first sum runs over
all pairs of nearest-neighbor (NN) sites, J is the bilinear interaction
parameter between the NN spin pairs and which is taken J < O for
the ferrimagnetic case and D; is the site dependent CF. The latter
is distributed in a bimodal fashion according to

P(Aj) = po(Aj— )+ (1-p)o(A)), @)

where A; =D;/|J|. This random distribution of the CF either turns
on or turns off the CF randomly for given probabilities p and 1—p,
respectively, on the sites of lattice.

The sublattice magnetizations of mixed spin-1/2 and spin-3/2
BC model is obtained in here in terms of the EFT with correlations
which is widely used in the study of the Ising models. It was first
introduced by Honmura and Kaneyoshi [13] and Kaneyoshi et al.
[14]. In this work, the magnetizations of spin S; and spin ¢; for
honeycomb lattice are obtained within the framework of EFT with
correlations and with the usage of the general but approximate
van der Waerden identity [15]. Therefore, the magnetizations of
the sublattices are given as,

Mq = <{Si>
M 3

= [cosh(JnV)+ Tbsinh(]nV) Fa®)|, _o 3)
and
My, = (o>

= [cosh (3 JV) +2Mgsinh (1) V) *f50)|, _o- 4)
In addition a parameter q is defined as
q=n"= {6

= [cosh(}JV) +2M,sinh(3 JV)]’ G|, (5)

where V = 6/¢ox is the differential operator and the functions fa(x)
for spin-1/2 and, fg(x) and G(x) for spin-3/2 are found as

fax) = %tanh (gx> (6)

3 sinh@ Bx)+sinh(Bx) exp(—2BA;)
2 cosh@ Bx)+2 coshdfx) exp(—=2BA;)’

fe) = (7)
9 cosh(3px) + cosh(1fx)exp(—2fA;)

C0=7 cosh(3x) +4 cosh (3 fx)exp(~2 A’

®)

where f§=1/kgT, kg is the Boltzmann constant, and T is the
absolute temperature.

We should note that after expanding the right-hand sides of
Egs. (3)-(5), they are solved numerically within an iteration
scheme. The readers can find all the details of the calculations
in [6,16].

Lastly, the compensation temperatures Tcomp is the tempera-
ture at which total magnetization vanishes and then given by

Mq+M
( 42— b) )

In the next section, the topologically distinct phase diagrams
and our findings are presented which are obtained by studying

the thermal variations of magnetizations for given values of our
model parameters.

MTotal =

3. The thermal variations, phase diagrams and conclusions

In this section, we present the thermal variations of magneti-
zations, i.e. My, M, and M,, therefore, the phase diagrams of the
model. The latter are obtained on the three possible planes for the
honeycomb lattice, i.e., on the (4,kT/|J|), (4,Tcomp) planes for
given values of probability p between 0 and 1 and on the
(p.kT/|]|) plane for given values of A. The solid lines are the
second-order phase transition lines which separate the ferromag-
netic (F) regions from the paramagnetic (P) ones.

In Fig. 1, we illustrate the temperature changes of M, = M, and
M, = M3, It is obtained for various values of 4 when p=0.5. At the
second-order phase transition temperatures, these magnetization
curves combine at temperatures labeled with T, for each 4. It is
clear from the figure that, the ground-state (GS) values of M3, are
the usual ones, i.e.,, 1/2 for 4 =-1.0 and —3.0 and 3/2 for 4=0.0
and 3.0, in addition to the unusual one, i.e. 1 for 4 = —0.75 (see also
Fig. 2 of [4]). Especially, at the critical value 4 =-0.75, M3, =1,
which indicates that in the GS the spin configuration of ¢; in the
system consist of the mixed phase; the g; are randomly in the
0j= +3/2 or gj= +1/2 state with equal probability. It is also
obvious that the A drives the spins to the lower spin values for
some values of p as it becomes increasingly negative.

An important explanation is now in order: If one uses the EFT
with van der Waerden identity such as in Ref. [17] which actually
leads to MFA [18] since it neglects all the correlations between
the spins and in which case one cannot observe the GS with 1 [19]
(call it as I. Approximation). But when one introduces the
generalized van der Waerden identity such as in [6,16] (call it
as II. Approximation) then the correlations are somewhat intro-
duced into the model which leads to GS value of 1 as in this work.

The model displays one or two compensation temperatures,
Tcomp < T¢, as shown in Fig. 2. Only one T¢omp = 0.447 is seen when
p=0.9 and 4 = —2.5. But the model displays two Tcomp's which are
found at Teomp1 =0.493 and Teomp2 =0.79 for p=0.4 and 4=
—1.53. We have only found the compensation temperatures when
the sublattice magnetizations have the same GS’s that is in this case is
1/2. Our obtained Fig. 2 are compatible with Fig. 6(b) and (c) of [20].
We also note the compensation temperature is not observed in the
constant CF case [4] in opposition to our RCF work.

The first phase diagrams of the model is given on the (4,kT/])
plane for given p values with the intervals of 0.1 as illustrated in
Fig. 3. The p=0 case has the same effect as 4=0.0, since the

p=0.5
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Fig. 1. The thermal variations of sublattice magnetizations for the mixed spin-1/2
and spin-3/2 BC model with p=0.5 and 4 =3.0, 0.0, —0.75, —1.0 and —3.0 for the
honeycomb lattice.
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