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Abstract: A compound of  Pr5/8Ca3/8Mn0.9875Pd0.0125O3 with orthorhombic structure was 

fabricated using a sol-gel method. The critical parameters with =0.188(5) and =1.005(3) 

calculated from the magnetic data  around Curie temperature of 260 K are quite close to 

those of the tricritical mean field model. This indicates that the magnetic interaction in the 

compound is a combination of the long- and short-range interactions. It means the 

paramagnetic-ferromagnetic phase transition of Pr5/8Ca3/8Mn7.9/8Pd0.1/8O3 compound is 

crossover of the first- and second-order phase transitions. 

Keywords: Perovskte, critical parameters, phase transition. 

1. Introduction 

Perovskte materials with the general formula R1-xMxMnO3 (R are rare earth 

elements and M are divalent alkaline ions) have been widely studied because of their 

potential applications. Many in-depth studies have focused on studying the effects of 

these materials such as magnetoresistance, magnetocaloric effect, thermoelectric effects, 

etc. [1-6]. Theoretical and experimental studies have suggested that double exchange 

interaction (DE), Jhan-Teller distortion effect, phase separation, etc.[7-9] are the main 

causes for the above effects. These effects occur the most strongly at temperatures near 

the ferromagnetic - paramagnetic phase transition. Therefore, it can be seen that the 

critical parameters in the phase transition can relate to these effects. The study of critical 

parameters in manganite materials thus is very important to design materials using in the 

fields of electronics, refrigeration technology, renewable energy, etc. The critical 

parameters allows to understand the micromagnetic interaction pattern in the materials. 

These parameters are determined by theoretical research and experimental results. Recent 

studies have shown that micromagnetic interaction in some manganites can obey a mean-

field model with long-range order interactions with DE interaction models [10,11]. 

However, some studies reported that that there are compounds with short-range order 

interaction according to the Heissenberg model [12,13] or 3D-Issing [14]. In addition, 

several studies determining the critical parameters are an overlap between the mean field 

and the Heissenberg models [15-17], or 3D Ising [18, 19] or tricritical-mean-field [20]. In 

this paper, we present the results of studying the critical parameters of the 

Pr5/8Ca3/8Mn0.9875Pd0.0125O3 sample fabricated by sol-gel method. 
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2. Experiment  

Pr5/8Ca3/8Mn0.9875Pd0.0125O3 ceramic sample was fabricated by sol-gel 

method. The initial chemicals include La(NO3)2, Ca(NO3)2, Mn(NO3)2 and PdCl2 with 

a purity of 99.99%. The sample had been preheated at 9800C for 3 h and sintered at 

10500C for 4 h in air. The structural phase was determined by X-ray diffraction 

measurement. The results showed that the sample is single-phase structure with 

orthorhombic structure. Magnetic measurements were performed on a physical property 

measurement system (PPMS-6000). 

3. Results and Discussion 

Fig.1 presents the temperature 

dependence of magnetization on field-

cooled (FC) and zero-field-cooled 

(ZFC) modes in a magnetic field of 100 

Oe. It is clear that the sample behaves a 

ferromagnetic-paramagnetic phase 

transition at TC ~260 K. The difference 

of the magnetization value in FC and 

ZFC modes at temperatures below TC 

implies that the sample exhibits 

magnetic glassiness [21]. 

 

Fig.1. The temperature dependence of 

magnetisation measured in the ZFC and 

FC modes. 

In order to explore the nature of phase transition in the sample, magnetic 

measurements of the applied magnetic dependence of magnetization at temperatures 

close to the TC were performed. Isothermal M(H) measurements are carried out in the 

temperature range of 219K-295K with step of 2K. The results are displayed in Fig.2. 

As can be seen from the Fig.2, in 

the low temperature region, far from TC, 

the magnetization value increases 

rapidly in the low magnetic field region. 

The increase decreases gradually and 

does not saturate but increases linearly 

in the high magnetic field. These signs 

suggest that the sample is not 

completely ferromagnetic, but possibly 

partly non-ferromagnetic, resulting in 

the linearity in the high magnetic field 

without saturation [8]. The value from 

the saturation of the ferromagnetic part 

 

Fig.2. The applied field dependence of 

magnetisation in different temperatures 
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could be determined by extrapolating the M(H) curve to the vertical axis. The slope of the 

linear part in the high magnetic field gives the value of the . As increasing the 

measurement temperatures, the saturation magnetisation value gradually decreases and 

rapidly decreases at the temperatures up to the ferromagnetic - paramagnetic phase 

transition. At high temperatures, the M(H) curve is linear, showing the paramagnetic 

properties of the sample. 

From the M(H) curves at different temperatures, Arot curves are constructed 

assuming to agree with the theoretical models. Figure 3 shows the Arot curves according 

to the mean field (3a), 3D Heissenberg (3b), 3D Ising (3c) and Tricritical mean field (3d) 

models. If a model reflects the true nature of the sample, in the high applied field the Arot 

lines in the sufficiently high magnetic field will be parallel lines and the line measured at 

the transition temperature must pass through the origin. As can be seen from the Figure 3, 

there is not any model that can completely satisfy the above requirements. However, it 

can be found that the tricritical mean field model is the most suitable. Thus, the critical 

parameters of the sample can be seen close to the values of =0.25 và =1. 

  

 
 

Fig.3. The Arott plots assumed to agree with the models of  mean-field (a), Heisenberg (b), 

Ising (c) and tricritical-mean-field (d). 

From the Arot curves, compared with the Banerjee criterion [22], we see that the 

ferromagnetic-paramagnetic phase transition of the sample is a second order phase 

transition. For the second-order phase transition, in the temperature range around TC, the 

critical parameters related to the values from spontaneity and inductance can be 

determined from the expression [23]: 
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Where,  is the reduction of temperature, defined (T-TC)/TC, M0, h0 and D are the 

critical values. , ,  are the critical parameters corresponding to the spontaneous 

magnetic MS(T,0), initial inductance 0(T) and the critical isotherm magnetometer 

M(TC,H) respectively. The MS value was extrapolated from the matched Arot curves. As 

mentioned above, the tricritical mean field model is the best fit. By extrapolating the 

curves to the vertical and horizontal axes to determine the MS and 0 values, respectively, 

the values of the MS(T,0) and 0(T) are determined. 

With the values of MS and 0
-1 

matched according to the rules as in 

formulas (1) and (2), the values of  

and  will be determined. From 

these values the correct Arot curves 

are further constructed, the MS and 

0
-1 values are further matched to 

obtain the values  and . Such a 

process is repeated until the values 

of  and  are almost  unchanged. 

With such an approach, after some 

execution, the MS and 0
-1 values 

are determined and the TC,  and  

values obtained are ~260.1(5), 

0.227(7) and 1,008(7), respectively 

as shown in Fig.4. 

 
Fig.4. Spontaneus magnetisation, inverse initial 

susceptibility and critical parameters of the sample 
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,S C

S

M T T

dM

dT






 T<TC 

(4) 

1

1
,C

C

T T

d T

dT












T>TC 

(5) 

30

35

40

45

50

55

60

65

0

200

400

600

800

1000

230 240 250 260 270 280 290

M^1/b

X^1/g

M
S
(e

m
u

/g
)





(O

e
.g

/e
m

u
)

T(K)

T
C
=260.1(3)

=0.227(7)
T

C
=260.2(7)

=1.008(7)

y = m1*(1-(m0/m2))^m3

ErrorValue

0.99686106.67m1 

0.072484260.13m2 

0.00353740.22769m3 

NA0.34459Chisq

NA0.99982R

y = m1*((M0/m2)-1)^m3

ErrorValue

293.3812514m1 

0.071428260.27m2 

0.00967771.0087m3 

NA51.024Chisq

NA0.99997R

La
5/8

Ca
3/8

Mn
0.9875

Pr
0.0125

O
3



Hong Duc University Journal of Science, E8, Vol.13, p.(5 - 12), 2023 

 

9 

F
ac. o

f G
rad

. S
tu

d
ies, M

ah
id

o
l U

n
iv

. M
. M

. (In
tern

atio
n

al H
o

sp
itality

 M
an

ag
em

en
t) / 9

 

 

 

Fig.5. The critical parameters of the sample 

obtained by the Kouvel-Fisher method 

 

 Fig.6. The last result of critical 

parameters of the sample after several 

caculation by the Kouvel-Fisher method 

From these relations, the values of  and  have been determined and shown in Fig.5. 

The temperature value is averaged of the matching results in the two regions above and 

below the phase transition temperature. As can be seen in Figure 5, the critical values 

obtained are TC=259.6(3),  =0.225(9) and =1.024(8). Comparing two pairs of values of  

and  obtained from two different methods, we find that the values are quite close to each 

other, indicating that the values can faithfully reflect the nature of the sample.  

Similar to what was done with the MAP method, in order to determine the critical 

values more accurately, the correct Arot curves were re-built from the results in Figure 5. 

The relations (4) and (5) are applied to recalculate the TC,  and  values. The process is 

repeated until these values are almost unchanged and the result is as shown in Fig.6. 

 

Fig.7. The Arott plots modified with the value 

of critical parameters added 

 

Fig.8. The series of M vs H according to the 

formular (6) 
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In order to be able to verify the accuracy of the critical values, Arot plot modified 

with defined critical values are reconstructed and displayed in Fig.7. As can be seen from 

the Fig.7, in the high applied field the Arot plots become parallel to each other and at the 

transition temperature (~256K), the Arot line passes through the origin. This proves that 

the found critical values are quite accurate. Furthermore, the accuracy of these values can 

be verified by the family of lines representing the relationship between magnetisation and 

applied fields by the expression [25]: 
( )

0( , ) ( ),M H f H       


 

                         (6) 

where f+ and f- are functions depending on the temperature range above and below 

TC, respectively. If the critical values are correct, the curves that depend M on H 

according to expression (6) will belong to 2 separate branches above and below TC. Fig.8 

presents the curves showing the applied field dependence of  magnetisation according to 

expression (6). As can be seen in the Figure 8, the curves representing expression (6) 

belong to 2 separate branches corresponding to above and below TC very clearly. 

Therefore, it can be seen that the above critical values are reliable [26].  

With the parameter set of  = 0.188(5) 

and  = 1,005(3), it shows that the 

micromagnetic interaction model in the 

compound doe not seems to fit any of 4 

known theoretical models. The above 

results shows that the sample 

Pr5/8Ca3/5Mn0.9875Pd0.0125O3 exists magnetic 

heterogeneity in the material and the 

intersection between the first and second 

order phase transitions. This result is 

similar to some manganese materials 

which similar composition such as 

Pr0.63A0.07Sr0.3MnO3 (A=Pr, Sm and=Bi) 

[20] or Pr0.7Ba0.1Sr0.2MnO3 [27]. This 

could be explored in effectve exponents of 

perrovskite with a structural phase 

transition from cubic-to-trigonal and 

cubic-to-tetragonal symmetry [28]. 

 

Fig.9. The value of  obtained frome M(H) 

curve at 257K 
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shown in Fig.9. 
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=4.76(8) show that the micromagnetic interaction model in the material is the 

intersection between the interactions of short and long ranges. The ferromagnetic- 

paramagnetic phase transition is also the intersection between the first order phase 

transition and the second order phase transition. 
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