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The dynamic compensation temperature in a kinetic
spin-5/2 Ising model on a hexagonal lattice
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We present a study of the dynamic behavior of a two-sublattice spin-5/2 Ising model with bilinear and crystal-field
interactions in the presence of a time-dependent oscillating external magnetic field on alternating layers of a hexagonal
lattice by using the Glauber-type stochastic dynamics. The lattice is formed by alternate layers of spins σ = 5/2 and
S = 5/2. We employ the Glauber transition rates to construct the mean-field dynamic equations. First, we investigate the
time variations of the average sublattice magnetizations to find the phases in the system and then the thermal behavior of the
dynamic sublattice magnetizations to characterize the nature (first- or second-order) of the phase transitions and to obtain
the dynamic phase transition (DPT) points. We also study the thermal behavior of the dynamic total magnetization to find
the dynamic compensation temperature and to determine the type of the dynamic compensation behavior. We present the
dynamic phase diagrams, including the dynamic compensation temperatures, in nine different planes. The phase diagrams
contain seven different fundamental phases, thirteen different mixed phases, in which the binary and ternary combination of
fundamental phases and the compensation temperature or the L-type behavior strongly depend on the interaction parameters.
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1. Introduction
The compensation temperature is the temperature at

which the total magnetization vanishes below the critical
temperature.[1] The existence of the compensation tempera-
ture is due to the fact that the magnetic moments of sublattices
compensate each other completely owing to different tempera-
ture dependences of the sublattice magnetizations. At the com-
pensation temperature, since there is no net magnetization, the
material cannot interact with external fields. Therefore, the co-
ercivity is extremely high and has a peak at the compensation
temperature favoring the creation of small, stable magnetic
domains. The compensation point is of great technological
importance, since at this point only a small driving field is re-
quired to change the sign of the total magnetization. This prop-
erty is very useful in thermomagnetic recording, electronic,
and computer technologies.[2–4]

The static compensation temperatures of mixed spin Ising
systems have been studied by using a variety of techniques in
equilibrium statistical physics, such as the mean-field approx-
imation (MFA), the real-space renormalization-group (RG)
approach, Monte–Carlo (MC) simulations, the effective-field
theory (EFT), the numerical transfer-matrix technique, and the
exact formulation on the Bethe lattice by using the exact re-
cursion equations (see Refs. [5]–[23] and references therein).
However, the presence of the dynamic compensation tempera-
ture in the mixed spin-1/2 and spin-1,[24–26] the mixed spin-1/2
and spin-3/2,[27] the mixed spin-3/2 and spin-5/2,[28] the mixed

spin-1 and spin-3/2,[29] the mixed spin-2 and spin-5/2,[30] and
the mixed spin-1 and spin-2[31] Ising systems have also been
investigated.

On the other hand, the spin-5/2 Ising system is one of
the most important systems that have been used for study-
ing the thermodynamic behaviors of many cooperative phys-
ical systems. The equilibrium properties of the system have
been studied by well known methods in equilibrium statis-
tical physics.[32–41] Although considerable progresses have
been made in understanding the equilibrium properties of the
model, the nonequilibrium properties of the model have not
been as thoroughly explored. There have been only a few in-
vestigations, to our knowledge, about the dynamical aspects
of the model. Christianson et al.[42] studied the critical dy-
namics of a spin-5/2 two-dimensional isotropic antiferromag-
net. Wildes et al.[43] presented a comprehensive study of the
static and the dynamic critical properties of the quasi two-
dimensional spin-5/2 antiferromagnet MnPS3. Keskin and
his co-workers[44,45] have investigated the nonequilibrium as-
pects of spin-5/2 Blume–Capel (BC)[44] and spin-5/2 Blume–
Emery–Griffiths (BEG)[45] Ising systems by using the dynamic
MFA based on the Glauber-type stochastic dynamics.[46] Re-
cently, Ertaş et al.[47] studied the dynamics of the spin-5/2 BC
model with a single-ion crystal field under a time-dependent
oscillating external magnetic field by using the EFT with cor-
relations based on the exact Van der Waerden identity. The aim
of this paper is to study the existence of the dynamic compen-
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sation temperature in the kinetic spin-5/2 Ising model with bi-
linear and crystal-field interactions under a time-dependent os-
cillating external magnetic field on alternate layers of a hexag-
onal lattice by using the Glauber-type stochastic dynamics.
This work is important because it is dealing the ferrimagnetism
as well as the dynamic compensation temperature. For this
purpose, firstly we examine the time variations in average sub-
lattice magnetizations to find the phases in the system, and the
thermal behavior of the average sublattice magnetizations in
a period or the dynamic sublattice magnetizations to obtain
the dynamic phase transition (DPT) points. Then, we inves-
tigate the dynamic total magnetization as a function of the
temperature to find the dynamic compensation temperatures
as well as to determine the type of the compensation behav-
ior. From these studies, dynamic phase diagrams, including
the dynamic compensation temperatures, are presented in nine
different planes. Finally, it is worthwhile mentioning that the
compensation temperatures have been observed experimen-
tally in different systems.[48,49]

The rest of the paper is organized as follows. In Sec-
tion 2, the model is presented briefly, and the derivation of the
mean-field dynamic equations is given by using the Glauber-
type stochastic dynamics in the presence of a time-dependent
oscillating external magnetic field. In Section 3, the behaviors
of the average sublattice magnetizations, the dynamic sublat-
tice magnetizations, and the dynamic total magnetization are
studied in detail, and dynamic phase diagrams are presented in
different planes. Finally, we give the summary and conclusion.

2. Model and formulas
We consider a spin-5/2 Ising model on a hexagonal lat-

tice under an oscillating magnetic field. The model con-
sists of two interpenetrating sublattices with spin variables
σ = ±5/2,±3/2,±1/2 and S = ±5/2,±3/2,±1/2 on sites
of sublattices A and B, respectively. The σ spins occupy the
sites of one sublattice, say sublattice A, and the S spins oc-
cupy the other sublattice, namely sublattice B. The σ and S
spins are distributed on alternate layers of the hexagonal lat-
tice as shown in Fig. 1. In this figure, open and solid circles
represent σ and S spins, respectively. The Hamiltonian for this
system reads

H = −J1 ∑
〈i j〉

σiS j− J2 ∑
〈i j〉

σiσ j− J3 ∑
〈i j〉

SiS j

−D
(

∑i σ
2
i +∑ j S2

j

)
−H(∑i σi +∑ j S j), (1)

where the summation index 〈i j〉 denotes the summation over
all pairs of neighboring spins, J1, J2, and J3 are the exchange
couplings between the nearest-neighbor pairs of spins σ–S,
σ–σ , and S–S, respectively. It is seen from Fig. 1 that the J1

interaction is restricted to the z1 nearest-neighbor pair of spins,

z1 = 4, J2 and J3 are restricted to the coordination numbers of
z2 and z3, respectively, where z2 = z3 = 2. Hence, we con-
sider that the interactions among spins on sublattices A and B
are different, i.e., J2 6= J3 . The parameter J1 will be taken to
be negative in all the subsequent analyses, that is, the inter-
sublattice coupling is antiferromagnetic. The D is the crystal-
field interaction or a single-ion anisotropy constant, and H de-
scribes a time-dependent oscillating external magnetic field.
The H is given by

H(t) = H0 cos(wt), (2)

where H0 and w = 2πν are the amplitude and the angular fre-
quency of the oscillating field, respectively. The system is in
contact with an isothermal heat bath at absolute temperature
TA.

J3

J2

J1

Fig. 1. Spin arrangement on the hexagonal lattice. The lattice is formed
by alternate layers of σ (open circles) and S (solid circles) spins.

Now we apply the Glauber-type stochastic dynamics to
obtain a set of mean-field dynamic equations. The system
evolves according to a Glauber-type stochastic process at the
transitional rate of 1/τ; hence the frequency of spin flipping,
f , is 1/τ . Leaving the S spins on sublattice B fixed, we de-
fine PA(σ1,σ2, . . . ,σN ; t) as the probability that the system
has the σ -spin configuration σ1,σ2, . . . ,σN at time t. Sim-
ilarly, leaving the σ spins on sublattice A fixed, we define
PB(S1,S2, . . . ,SN ; t) as the probability that the system has the
S-spin configuration S1,S2, . . . ,SN at time t. Then, we calcu-
late the probabilities that the i-th σ spin changes from value
σi to σ ′i (with the S spins momentarily fixed) in an unit time
W A

i (σi → σ ′i ) and the j-th S spin changes from value S j

to S′j (with the σ spins momentarily fixed) in an unit time
W B

j (S j → S′j) respectively. Therefore, if the S spins on sub-
lattice B are momentarily fixed, the master equation for the σ

spins on sublattice A can be written as

d
dt

PA(σ1,σ2, . . . ,σN ; t)

= −∑
i

(
∑

σi 6=σ ′i

W A
i (σi→ σ

′
i )

)
PA(σ1,σ2, . . . ,σi, . . . ,σN ; t)
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+∑
i

(
∑

σi 6=σ ′i

W A
i (σ ′i → σi)

)
×PA(σ1,σ2, . . . ,σ

′
i , . . . ,σN ; t). (3)

Since the system is in contact with a heat bath at absolute tem-
perature TA, each spin can change from σi to σ ′i in an unit time
with the probability

W A
i (σi→ σ

′
i ) =

1
τ

exp(−β∆EA(σi→ σ ′i ))

∑σi ′ exp(−β∆EA(σi→ σ ′i ))
, (4)

where β = 1/kBTA, kB is the Boltzmann constant, the summa-
tion is over the six possible values ±5/2,±3/2,±1/2 for σ ′i ,
and

∆EA(σi→ σi
′) = −(σi

′−σi)

(
J1 ∑

j
S j + J2 ∑

j
σ j +H

)
−(σi

′2−σi
2)D (5)

gives the change in the energy of the system when the σi

spin changes. The W A
i (σi → σ ′i ) is given in Appendix A.

The probabilities satisfy the detailed balance condition. Since
W A

i (σi→ σ ′i ) does not depend on the value of σi, we can write
W A

i (σi→ σ ′i ) =W A
i (σ ′i ), then the master equation becomes

d
dt

PA(σ1,σ2, . . . ,σN ; t)

= −∑
i

(
∑

σi 6=σ ′i

W A
i (σi

′)

)
PA(σ1,σ2, . . . ,σi, . . . ,σN ; t)

+∑
i

W A
i (σi)

(
∑

σi 6=σ ′i

PA(σ1,σ2, . . . ,σ
′
i , . . . ,σN ; t)

)
. (6)

Since the sum of the probabilities is normalized to one,
multiplying both sides of Eq. (6) by σk, taking the average,
and finally using the mean-field approach, we obtain the first
mean-field dynamic equation for the σ spins

Ω
d

dξ
mσ =−mσ +

5exp
(

2
d
T

)
sinh

(
5
2

a1

T

)
+3exp

(
−2

d
T

)
sinh

(
3
2

a1

T

)
+ exp

(
−4

d
T

)
sinh

(
1
2

a1

T

)
2exp

(
2

d
T

)
cosh

(
5
2

a1

T

)
+2exp

(
−2

d
T

)
cosh

(
3
2

a1

T

)
+2exp

(
−4

d
T

)
cosh

(
1
2

a1

T

) , (7)

where T = kBTA/|J1|, d = D/|J1|, a1 = (−z1ms +

J2/|J1|z2mσ + hcos(ξ )), h = H0/|J1|, mσ = 〈σ〉, ξ = ωt,
and Ω = τω .

Now assuming that the σ spins on sublattice A remain

momentarily fixed and the S spins on sublattice B change,
we obtain the second mean-field dynamic equation by using
a similar calculation

Ω
d

dξ
ms =−ms +

5exp
(

2
d
T

)
sinh

(
5
2

a2

T

)
+3exp

(
−2

d
T

)
sinh

(
3
2

a2

T

)
+ exp

(
−4

d
T

)
sinh

(
1
2

a2

T

)
2exp

(
2

d
T

)
cosh

(
5
2

a2

T

)
+2exp

(
−2

d
T

)
cosh

(
3
2

a2

T

)
+2exp

(
−4

d
T

)
cosh

(
1
2

a2

T

) , (8)

where ms = 〈S〉, and a2 = (−z1mσ + J3/|J1|z3ms +hcos(ξ )).
Hence, a set of mean-field dynamical equations of the system
is obtained. We fixed J1 = −1.0, i.e., the intersublattice in-
teraction is antiferromagnetic, and Ω = 2π . The solution and
discussion of these equations are given in the next section.

3. Numerical results and discussion
3.1. Time variations of average sublattice magnetizations

In order to investigate the time variations of average sub-
lattice magnetizations, first, we have to study the stationary
solutions of the set of mean-field dynamic equations given by
Eqs. (7) and (8) when the parameters T , J2, J3, d, and h are
varied. The stationary solution of Eqs. (7) and (8) is a periodic
function of ξ with period 2π , that is,

mσ (ξ +2π) = mσ (ξ ), (9a)

ms(ξ +2π) = ms(ξ ). (9b)

Moreover, they can be one of three types according to whether
they have or not the following properties:

mσ (ξ +π) =−mσ (ξ ), (10a)

ms(ξ +π) =−ms(ξ ). (10b)

The first type of solution satisfies both Eqs. 10(a) and
10(b) and is called the symmetric solution. It corresponds
to a paramagnetic (p) phase. In this solution, the average
sublattice magnetizations mσ (ξ ) and ms(ξ ) are equal to each
other. They oscillate around zero and are delayed with re-
spect to the external magnetic field. The second type of
solution, which does not satisfy Eqs. 10(a) and 10(b), is
called the nonsymmetric solution and corresponds to an an-
tiferromagnetic (af) phase. If mσ (ξ ) and ms(ξ ) oscillate
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around ±5/2 and ∓5/2, respectively, this solution is called
the antiferromagnetic-5/2 (af5/2) phase; if mσ (ξ ) and ms(ξ )

oscillate around ±3/2 and ∓3/2, respectively, this solution is
called the antiferromagnetic-3/2 (af3/2) phase; if mσ (ξ ) and
ms(ξ ) oscillate around ±1/2 and ∓1/2, respectively, this so-
lution is called the antiferromagnetic-1/2 (af1/2) phase. The
third type of solution, which does not satisfy Eqs. 10(a) and
10(b), is called a nonsymmetric solution and corresponds to
a ferrimagnetic (i) phase. In this case, mσ (ξ ) and ms(ξ )

are not equal to each other and oscillate around nonzero val-
ues. Hence, if mσ (ξ ) and ms(ξ ) oscillate around ±5/2 and
∓3/2, respectively, this solution is called the ferrimagnetic-
1 (i1) phase; if mσ (ξ ) and ms(ξ ) oscillate around ±5/2 and
∓1/2, respectively, this solution is called the ferrimagnetic-
2 (i2) phase; if mσ (ξ ) and ms(ξ ) oscillate around ±3/2 and
∓1/2, respectively, this solution is called the ferrimagnetic-
3 (i3) phase. These facts can be seen explicitly by solving
Eqs. (7) and (8) numerically. Equations (7) and (8) are solved

by using the numerical method for a given set of parameters
and initial values. A few explanatory examples are given in
Fig. 2. Figures 2(a)–2(e) present the p, af5/2, and i1 fundamen-
tal phases or solutions, and i2 + af1/2 and af5/2 + af3/2 + af1/2

mixed phases, respectively. In addition to these three funda-
mental phases and two mixed phases, four more fundamental
phases, namely, af3/2, af1/2, i2, and i3 fundamental phases, and
eleven more mixed phases, namely, af5/2 + p in which af5/2

and p solutions coexist, af1/2 + p in which af1/2 and p solu-
tions coexist, i1 +p in which i1 and p solutions coexist, i2 +p
in which i2 and p solutions coexist, i3+p in which i3 and p so-
lutions coexist, af5/2 +af1/2 in which af5/2 and af1/2 solutions
coexist, af3/2 + af1/2 in which af3/2 and af1/2 solutions coex-
ist, i1 + af1/2 in which i1 and af1/2 solutions coexist, i3 + af1/2

in which i3 and af1/2 solutions coexist, i1 + i3 +af1/2 in which
i1, i3, and af1/2 solutions coexist, the i2 + i3 + af1/2 in which
i2, i3, and af1/2 solutions coexist, exist in the system.
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m(2)↼ξ↽
σ

m(3)↼ξ↽
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Fig. 2. Time variations of the average sublattice magnetizations mσ (ξ ) and ms(ξ ): (a) a paramagnetic phase (p) with J1 = −1.0,
J2 = 1.1, J3 = 0.5, d = −3.5, h = 3.0, and T = 0.8; (b) an antiferromagnetic-5/2 phase (af5/2) with, J1 = −1.0, J2 = 1.1, J3 = 0.1,
d = 1.0, h = 0.1, and T = 0.1; (c) a ferrimagnetic-1 phase (i1) with J1 = −1.0, J2 = 3.5, J3 = 0.2, d = −4.0, h = 0.1, and T = 4.0;
(d) a coexistence region of (i2 + af1/2) with J1 = −1.0, J2 = 7.5, J3 = 0.1, d = −6.0, h = 0.2, and T = 2.0; (e) a coexistence region
of (af5/2 + af3/2 + af1/2) with J1 =−1.0, J2 = 1.1, J3 = 0.9, d =−2.7, h = 0.1, and T = 0.2.

3.2. Thermal behavior of dynamic sublattice magnetiza-
tions and total magnetization

In this subsection, first, we investigate the behavior of the
average sublattice magnetizations in a period (the dynamic
sublattice magnetizations) as a function of the temperature.
This investigation helps us to characterize the nature (first- or
second-order) of the phase transitions and find the DPT points.
Then, we study the dynamic total magnetization as a function
of the temperature to find the dynamic compensation temper-

ature and to determine the type of the dynamic compensation
behavior. The dynamic sublattice magnetizations Mσ , Ms and
the dynamic total magnetization Mt = (Mσ +Ms)/2 are given
by

Mσ =
1

2π

∫ 2π

0
mσ (ξ )dξ , (11a)

Ms =
1

2π

∫ 2π

0
ms(ξ )dξ , (11b)

Mt =
1

2π

∫ 2π

0

(
mσ (ξ )+ms(ξ )

2

)
dξ . (11c)
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The Mσ , Ms, and Mt as functions of the temperature
for several values of interaction parameters are obtained by
solving Eqs. 11(a)–11(c). The dynamic total magnetization
Mt vanishes at the compensation temperature Tcomp. Then,
the compensation point can be determined by looking for the
crossing point of the absolute values of the sublattice magne-
tizations. At the compensation point, we must have∣∣Mσ (Tcomp)

∣∣= ∣∣Ms(Tcomp)
∣∣ , (12)

sgn
[
Mσ (Tcomp)

]
=−sgn

[
Ms(Tcomp

)]
. (13)

We also require that Tcomp < Tc, where Tc is the critical
point temperature. These conditions demonstrate that at Tcomp,
Mσ and Ms cancel each other, whereas at Tc both are zero. A
few interesting examples are shown in Figs. 3(a)–3(e) to illus-
trate the calculation of the DPT points and the compensation
temperatures. In these figures, Tc and Tt are the critical and
the second- or the first-order phase transition temperatures,
respectively. Figure 3(a) shows |Mσ |, |Ms| and |Mt| as func-

tions of the temperature for J1 = −1.0, J2 = 1.5, J3 = 0.1,
d = 1.0, and h = 0.1. In Fig. 3(a), |Mσ | = 2.5 and |Ms| = 2.5
at zero temperature, and they decrease to zero continuously
as the temperature increases until Tc, hence a second-order
phase transition occurs at Tc = 19.1. In this case, the dynamic
phase transition is from the af5/2 phase to the p phase. More-
over, one compensation temperature exists in the system that
exhibits the same behavior classified after the Néel theory[1]

as the L type.[50] Figures 3(b) and 3(c) show |Mσ |, |Ms|, and
|Mt| as functions of the temperature for J1 = −1.0, J2 = 1.1,
J3 = 0.5, d = −3.5, h = 0.3 and two different initial values.
The behavior shown in Fig. 3(b) is similar to that in Fig. 3(a);
hence, the system undergoes a second-order phase transition
at Tc = 1.52. In this case, the dynamic phase transition is from
the af1/2 phase to the p phase. Moreover, the compensation
temperature or the L-type behavior occurs in the system again.
In Fig. 3(c), the system undergoes two successive phase transi-
tions. The first one is of first order, because the discontinuous
occurs for the dynamic sublattice magnetizations at Tt = 0.07.
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Fig. 3. The thermal behaviors of the dynamic sublattice magnetizations |Mσ |, |Ms| and the dynamic total magnetization |Mt|. The Tc and Tt are
the critical and the second- or the first-order phase transition temperatures, respectively. (a) Exhibiting a second-order phase transition from
the af5/2 phase to the p phase for J1 =−1.0, J2 = 1.5, J3 = 0.1, d = 1.0, and h = 0.1, and Tc is found to be 19.1. (b) Exhibiting a second-order
phase transition from the af1/2 phase to the p phase for J1 = −1.0, J2 = 1.1, J3 = 0.5, d = −3.5, and h = 0.3, and the initial values of |Mσ |
and |Ms| are taken as 0.5; Tc is found to be 1.52. (c) Exhibiting two successive phase transitions, the first one is a first-order phase transition
from the af3/2 phase to the af1/2 phase, and the second one is a second-order phase transition from the af1/2 phase to the p phase for J1 =−1.0,
J2 = 1.1, J3 = 0.5, d = −3.5, and h = 0.3, and the initial values of |Mσ | and |Ms| are taken as 1.5; Tt and Tc are found to be 0.07 and 1.52,
respectively. (d) Exhibiting a second-order phase transition from the i1 phase to the p phase for J1 =−1.0, J2 = 4.0, J3 = 0.5, d =−4.1, and
h = 6.5, and the initial values of |Mσ | and |Ms| are taken as 2.5 and 1.5, respectively; Tc is found to be 15.9. (e) Exhibiting two successive
phase transitions, the first one is a first-order phase transition from the af1/2 phase to the i1 phase and the second one is a second-order phase
transition from the i1 phase to the p phase for J1 =−1.0, J2 = 4.0, J3 = 0.5, d =−4.1, and h = 6.5, and the initial values of |Mσ | and |Ms| are
taken as 0.5; Tt and Tc are found to be 0.7 and 15.9, respectively.
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Fig. 4. (color online) Dynamic phase diagrams (including the dynamic compensation temperatures) of the kinetic spin-5/2 Ising system in the
(T,h) plane. Dashed and solid lines are the dynamic first- and second-order phase boundaries, respectively. The dash-dot-dot line illustrates the
compensation temperatures. The special points are the dynamic tricritical point with the filled circle (•) and the dynamic triple point (TP). (a)
J1 = −1.0, J2 = 1.5, J3 = 0.1, d = 1.0; (b) J1 = −1.0, J2 = 1.1, J3 = 0.1, d = −1.9; (c) J1 = −1.0, J2 = 1.1, J3 = 0.9, d = −2.7; (d) J1 = −1.0,
J2 = 1.1, J3 = 0.5, d =−3.5; (e) J1 =−1.0, J2 = 5.0, J3 = 0.9, d =−10.0, (f) J1 =−1.0, J2 = 5.0, J3 = 0.9, d =−7.0; (g) J1 =−1.0, J2 = 9.0,
J3 = 0.3, d =−10.0, (h) J1 =−1.0, J2 = 10.0, J3 = 0.1, d =−8.0; (i) J1 =−1.0, J2 = 7.5, J3 = 0.1, d =−6.0; (j) J1 =−1.0, J2 = 7.0, J3 = 0.1,
d =−7.0; (k) J1 =−1.0, J2 = 3.5, J3 = 0.2, d =−4.0; (l) J1 =−1.0, J2 = 4.0, J3 = 0.5, d =−4.1.
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Fig. 5. Dynamic phase diagrams in different planes, where TP, QP, and E are the dynamic triple point, the dynamic quadruple point, and dynamic
critical end point, respectively. (a) In (J2,T ) plane for J1 = −1.0, J3 = 0.1, h = 1.0, and d = 1.0; (b) in (−J3,T ) plane for J1 = −1.0, J2 = 1.4,
h = 0.1, and d =−3.1; (c) in (d,T ) plane for J1 =−1.0, J2 = 1.1, J3 = 0.9, and h = 0.1; (d) in (d,J2) plane for J1 =−1.0, J3 = 0.6, h = 0.9, and
T = 0.5; (e) in (d,−J3) plane for J1 =−1.0, J2 = 1.5, h = 0.1, and T = 0.1; (f) in (d,h) plane for J1 =−1.0, J2 = 2.0, J3 = 0.2, and T = 0.1; (g)
in (J2,h) plane for J1 =−1.0, J3 = 0.2, d =−1.0, and T = 1.2; (h) in (−J3,h) plane for J1 =−1.0, J2 = 6.0, d =−7.0, and T = 1.0.

The transition is from the af3/2 phase to the af1/2 phase. The

second one is a second-order phase transtion from the af1/2

phase to the p phase at Tc = 1.52. From Figs. 3(b) and 3(c),

we can see that the af3/2 + af1/2 mixed phase exists until Tt,

and this fact is also shown in the phase diagram of Fig. 4(d)

explicitly. Figures 3(d) and 3(e) show |Mσ |, |Ms|, and |Mt| as

functions of the temperature for J1 =−1.0, J2 = 4.0, J3 = 0.5,

d =−4.1, and h = 6.5. In Fig. 3(d), |Mσ |= 2.5 and |Ms|= 1.5

at zero temperature, and they decrease to zero continuously as

the temperature increases until Tc, hence a second-order phase
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transition occurs at Tc = 15.90. In this case, the dynamic phase
transition is from the i1 phase to the p phase. In Fig. 3(e), the
system undergoes two successive phase transitions. The first
one is of first order, because the discontinuous occurs for the
dynamic sublattice magnetizations at Tt = 0.70. The transition
is from the af1/2 phase to the i1 phase. The second one is a
second-order phase transtion from the i1 phase to the p phase
at Tc = 15.90. This means that the coexistence region, i.e., the
i1 + af1/2 mixed phase, exists in the system until Tt. There is
no compensation temperature in the system for this case.

3.3. Dynamic phase diagrams

Since we have obtained the DPT points and the compen-
sation temperatures, we can now present the dynamic phase
diagrams of the system. The calculated dynamic phase dia-
grams, including the dynamic compensation temperatures, in
the (T,h) plane are presented in Fig. 4, and one explanatory
phase diagram for each of the (J2,T ), (−J3,T ), (d,T ), (d,J2),
(d,−J3), (d,h), (J2,h), and (−J3,h) planes is presented in
Fig. 5 for different values of the interaction parameters. In
these dynamic phase diagrams, the dashed, the solid, and the
dash-dot-dot lines represent the first-order, the second-order
phase transition temperatures, and the compensation temper-
ature, respectively. The dynamic tricritical point is denoted
by a filled circle. In the (T,h) plane, twelve main topologi-
cal different types of dynamic phase diagrams are found and
presented in Fig. 4. From these phase diagrams, the follow-
ing phenomena have been observed. (i) All phase diagrams
contain the dynamic compensation temperature. (ii) These dy-
namic phase diagrams exhibit one dynamic tricritical point.
(iii) The system contains the p, af5/2, af3/2, af1/2, i1, i2, and
i3 fundamental phases and the af5/2 + p, af1/2 + p, i1 + p,
i2 +p, i3 +p, af5/2 + af1/2, af3/2 + af1/2, i1 + af1/2, i2 + af1/2,
i3+af1/2, af5/2+af3/2+af1/2, i1+ i3+af1/2, and i2+ i3+af1/2

mixed phases. (iv) Figure 4(k) displays the dynamic triple
point (TP) where three phases (i1, i1 +af1/2, i1 + i3 +af1/2) or
solutions coexist. (v) The dynamic phase boundaries among
the fundamental phases are mostly second-order phase transi-
tion lines, but among the mixed phases or between the funda-
mental and the mixed phases are the first-order phase transi-
tion lines. It is worthwhile to mention that a phase diagram
similar to Figs. 4(a) and 4(e) was also obtained in the kinetic
mixed spin-1 and spin-2 Ising system.[31] The phase diagrams
shown in Figs. 4(b)–4(d) and 4(f)–4(l) are only observed in
this system.

We calculate the dynamic phase diagrams, including the
compensation temperatures, in the (J2,T ), (−J3,T ), (d,T ),
(d,J2), (d,−J3), (d,h), (J2,h), and (−J3,h) planes, and six,

eleven, six, four, three, three, five, and nine main topological

different types of dynamic phase diagrams are found, respec-

tively. From these phase diagrams, one explanatory dynamic

phase diagram for each of these planes is given in Figs. 5(a)–

5(h). The basic properties of these phase diagrams are given

as follows. (i) All phase diagrams contain the dynamic com-

pensation temperature. (ii) The dynamic phase diagrams in

the (d,T ), (d,J2), and (d,h) planes exhibit one, three, and five

dynamic TPs, respectively. (iii) The dynamic phase diagrams

in the (d,T ), (d,J2), and (d,h) planes exhibit one, three, and

three dynamic quadruple points (QP) where four solutions or

phases coexist, respectively. (iv) In Fig. 5(c), the dynamic

phase diagram displays the dynamic critical end point (E). We

should also mention that we do observe a phase diagram in

Fig. 5(a) which is very similar to that found in the earlier stud-

ies of the mixed Ising systems with spins (1/2, 1),[26] spins

(1/2, 3/2),[27] spins (1, 3/2),[29] spins (2, 5/2),[30] and spins (1,

2).[31] Moreover, a phase diagram similar to that in Fig. 5(b)

has also been obtained in the kinetic mixed spin-1 and spin-

2 Ising system,[31] but the i1 + af1/2 mixed phase becomes the

af+p mixed phase. Figures 5(c)–5(h) are new phase diagrams,

which were not obtained in kinetic Ising systems.[26–31]

4. Summary and conclusion

In this work, we have analyzed with a mean-field ap-

proach the stationary states of the kinetic spin-5/2 Ising model

with bilinear and crystal-field interactions under the presence

of a time-varying oscillating external magnetic field on alter-

nate layers of a hexagonal lattice. The model consists of two

interpenetrating sublattices with σ = 5/2 and S = 5/2. The

model includes intersublattice, intrasublattice, and crystal-

field interactions and a sinusoidal magnetic field. We use the

Glauber-type stochastic dynamics to describe the time evo-

lution of the system. We have studied the time variations

of the average sublattice magnetizations in order to find the

phases of the system and the thermal behavior of the aver-

age sublattice magnetizations in a period (the dynamic sub-

lattice magnetizations) to obtain the dynamic phase transi-

tion (DPT) points as well as to characterize the nature (first-

or second-order) of the transitions. The dynamic total mag-

netization is investigated as a function of the temperature

to find the dynamic compensation temperature and to deter-

mine the type of the dynamic compensation behavior. Fi-

nally, dynamic phase diagrams, including compensation tem-

peratures, are presented in the (T,h), (J2,T ), (−J3,T ), (d,T ),

(d,J2), (d,−J3), (d,h), (J2,h), and (−J3,h) planes for dif-

ferent values of the interaction parameters. The dynamic
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phase diagrams contain seven different fundamental phases
(p,af5/2,af3/2,af1/2, i1, i2, i3), thirteen different mixed phases
which are binary and ternary combinations of the fundamental
phases. The system displays the dynamic tricritical point, the
dynamic triple point, the dynamic quadruple point, and the dy-
namic critical end point depending on the interaction param-
eters. Moreover, in general, the dynamic boundary between
the fundamental phases is a second-order line, but the bound-
ary between the fundamental and the mixed phases, and also
the boundaries among the mixed phases are first-order phase
transition lines. From these investigations, we deduce that
although phase diagrams similar to those in Figs. 4(a), 4(e),
5(a), and 5(b) have been obtained in the kinetic of mixed sys-
tems with different spins.[26,27,29–31] Figures 4(b)–4(d), 4(f)–
4(l), and 5(c)–5(h) show new phase diagrams that have been
obtained only in this kinetic Ising system.

We compare the present results with the results of the ki-
netic spin-1 Ising system[51] on a hexagonal lattice. (i) Both
systems display the L-type behavior. (ii) The kinetic spin-5/2
Ising system contains seven fundamental phases besides thir-
teen different mixed phases, but the kinetic spin-1 Ising system
contains two fundamental phases besides two mixed phases.

(iii) The kinetic spin-5/2 Ising system exhibits the dynamic
TP, the dynamic QP, and the dynamic E, but the kinetic spin-1
Ising system does not. (iv) The kinetic spin-5/2 Ising system
has more topological different phase diagrams than the kinetic
spin-1 Ising system.

Finally, it is worthwhile to mention that some of the first-
order phase transition lines as well as the dynamic special
points might be artifact of the mean-field approach due to its
limitations, such as the correlation of spin fluctuation has not
been considered. However, this study suggests that the kinetic
spin-5/2 Ising system on alternate layers of a hexagonal lat-
tice has an interesting dynamic behavior and gives rich dy-
namic phase diagrams. Hence, we hope that our detailed the-
oretical investigation may stimulate further works to study the
DPT points and the compensation temperatures, and present
the dynamic phase diagrams in the mixed Ising model by using
more accurate techniques such as dynamic Monte–Carlo simu-
lations and the renormalization group calculations. Moreover,
our results will be instructive in the time-comsuming process
of searching the critical behavior of this system while using
the dynamic MC simulations, they may also shed some light
on the experimentel work.
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[12] Bobák A and Jaščur M 1995 Phys. Rev. B 51 11533
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