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Dy doping effect on the magnetic behavior and magnetization
processes of polycrystalline La0.7Pb0.3MnO3 perovskites
1, *

San–Lin Young, 1 Hone–Zern Chen and 1 Ming–Chen Kao

discovery of colossal magnetoresistance (CMR)

Abstract

effects accompanied with rich variety of magnetic
and transport properties [1-3]. A few possible

Herein

the

magnetic

and

mechanisms have been proposed for the magnetic

magnetization processes for the polycrystalline

phenomenon and magnetortransport properties [4,5].

(La0.7-xDyx)Pb0.3MnO3

been

Zener proposed double exchange (DE) interaction

systematically synthesized. Low field magnetic

[6,7] based on the magnetic coupling between

behavior observed in FC and ZFC curves shows a

neighboring Mn+3 and Mn+4 ions that result from the

long-range spin order for La-rich compounds and a

motion of an eg electron between two partially filled

short-range state for Dy-rich ones. Ferromagnetism is

d shells with strong on-site Hund’s coupling [8].

suppressed with the increase of Dy content. The

There appears to be a direct relationship between the

hysteresis behavior can be modelled by the formula

complex lattice effects and the physical properties in

perovskites

behavior

have

n

M=MS(1-a/H ) for ferromagnetic materials. The term

these perovskite compounds [9]. The introduction of

n

a/H expresses the deviation of magnetization from

Ln ion which is smaller than La into the perovskite is

saturation. The larger factor n and smaller factor a for

expected to produce a deformation of the MnO6

La-rich samples result in sharper square curves which

octahedra that results in a modified Mn-O-Mn bond

should be associated with the long-range spin order

angle and in a consequent reduction of the DE

of magnetic moment.

interaction between Mn3+ and Mn4+. To evaluate the
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effect of rare-earth element substitution on magnetic

Ferromagnetism; Magnetization.

properties, we have studied a series of samples in
which La3+ is partially replaced by smaller Dy3+ , and

1. Introduction

the mean radius of the A-site ions is systematically

Recently, there have been renewed interest in
physical

properties

of

manganese

oxides,

decreased in the La0.7-xDyxPb0.3MnO3 compounds.

2. Experimental Procedure

La1-xAxMnO3 (Ln = La, Nd, Pr, Y etc., and A = Ca, Sr,
Ba, Pb etc.), with ABO3 perovskite structure, for the
*Corresponding Author: San-Lin Young
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Polycrystalline bulk samples of the compounds,
La0.7-xDyxPb0.3MnO3 (0≦x≦0.2), were prepared by
conventional

ceramic

fabrication

technique

of

solid-state reaction. Various La2O3, Dy2O3, PbCO3,
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and MnCO3 oxides were mixed in a stoichiometric

method of low field ZFC-FC measurement is one of

ratio, calcined in air at 800oC for 24 hours, and

the types generally used to characterize spin order

sintered in air at 1250oC for 72 h. For the structure

behavior of magnetic materials. The ZFC-FC curve

determinations,

with x = 0.0 shows that the FC curves coincide with

recorded

x-ray diffraction patterns were

with

a

powder

diffractometer.

Magnetization measurements were performed in a
quantum

designed

superconducting

quantum

interference device (SQUID) magnetometer. Zero
field cooling (ZFC) and field cooling (FC) curves
were taken under an applied field of 100 Oe.
Temperature dependence magnetization curves at an
applied field of 5 teslas and hysteresis loops at 5 K
and up to 5 teslas were also recorded.
Figure 1 ： X-ray diffraction spectra for all

3. Results and Discussion

polycrystalline La0.7-xDyxPb0.3MnO3
perovskites.

The structure and phase purity of the samples
La0.7-xDyxPb0.3MnO3 (0≦x≦0.2) were examined by
the powder x-ray diffraction, which shows no
secondary phase as shown in Fig. 1. x-ray diffraction
spectra for the compounds indicates that the
structures are diminutively tuned from rhombohedral
phase with space group R-3c (No.167) for x = 0.0 to
orthorhombic symmetry with space group Pbnm
(No.62) for x ≧ 0.05 due to the replacement of
smaller rare earth Dy3+ ion (1.083 angstrom, ionic
radius) on La3+ (1.36 angstrom) sites. The size
mismatch effect occurs when the Ln-site ions are
smaller to fill the space in the MnO6 octahedra,
consequently, resulting in a more distorted structure
and Mn-O-Mn bond bending [10].
For the observation of the spin order and
magnetic behavior, the zero field cooling-field
cooling (ZFC-FC) magnetization curves in the field
of 100 Oe were measured as shown in Fig. 2. The

Figure 2：Temperature dependence magnetization
measured at a low field of 100 Oe for all
polycrystalline
perovskites.

La0.7-xDyxPb0.3MnO3
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trivalent rare earth ions [11]. The substitution of La
by Dy results in a considerable decrease of TC
(defined as the temperature where the slope reaches a
maximum value) from 323K for x=0.0 to 233K for
x=0.2 as listed in Table I, where the values vary
considerably due to the effect of lattice distortion and
Mn-O-Mn bonds bending induced by substituting
smaller Dy3+ for La3+.
Figure 3 shows the temperature dependence
Figure 3：Temperature dependence magnetization

magnetization measured at 5 K in an applied field of

measured at an applied field of 5 teslas

5 teslas for all compounds. The samples undergo a

for

paramagnetic (PM) to ferromagnetic (FM) transition

all

polycrystalline

La0.7-xDyxPb0.3MnO3 perovskites.

as

temperature

decreases.

For

the

Dy-doped

compounds, the saturation magnetization (defined as
the magnetization at 5 K and an applied field of 5
teslas) decreases with the increase of Dy content as
listed in Table I. It can be inferred that the
substitution of smaller nonmagnetic Y3+ for La3+ can
distort the perovskite structure and give rise to a
larger bending angle of the Mn-O-Mn, which
consequently weakens the ferromagnetic double
exchange interaction between Mn3+ and Mn4+.
Figure 4 ： Magnetic hysteresis curves for all
polycrystalline

La0.7-xDyxPb0.3MnO3

perovskites.

The Magnetic hysteresis loops at 5K with -5T
to 5T applied field taken from all samples are shown
in Fig 4. As you shall observe, the curves raise slowly
as the content of Dy increases. The magnetization is

the ZFC curves at high temperature, but it deviates
the ZFC traces and becomes almost flat just below
transition temperature. The saturation moment of Mn
spins clearly suggests a ferromagnetic long-range
spin

order.

Conversely,

the

ZFC-FC

curves

displayλ-shape traces with the increase of Dy content,
suggesting the possibility of a short-range spin order
nature. Analogous spin order behaviors are also
reported when La is partially substituted by other

easily saturated by an external applied magnetic field
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Table 1: Values of the TC, MS, high-field slope,
factor

a

and

polycrystalline

factor

n

for

all

La0.7-xDyxPb0.3MnO3

on the concentration of substitution and are
associated with the stability of the magnetic phase.
The smaller factor a and larger factor n for the rich

perovskites.
La samples resulting in sharper square curves should

x=0.00

TC
(K)
323

MS
(emu/g)
81.6

Slope
(μB/T)
0.0139

x=0.05

310

83.8

x=0.10

296

x=0.15
x=0.20

sample

a

n
3.9

0.98

0.0316

15.7

0.92

84.9

0.0628

242.0

0.82

255

85.7

0.1223

557.0

0.44

233

89.1

0.1667

2250.0

0.23

be associated with the long-range spin order of
magnetic moment.

4. Conclusions
We have presented the study of the magnetic
and

magnetotransport

behavior

in

in the rich La compounds with shaper square curves.

La0.7-xDyxPb0.3MnO3. The ZFC-FC magnetization and

The curve of x = 0 compound shows essentially

hysteresis curves were obtained. The results have

lowest high-field sloped dM/dH of 0.0139 μB/T

shown

indicating a collinear ferromagnetic state. Conversely,

La0.7Pb0.3MnO3 induces the structural distortion,

curves of the others remain unsaturated in the highest

leading the oxides to a short-range ferromagnetic

fields, showing slopes of 0.3166 μB/T, 0.0628 μB/T,

state. The appropriate fitting of hysteresis curves of

0.1223 μB/T and 0.1667 μB/T for x = 0.05, 0.10, 0.15,

(La0.7-xNdx)Pb0.3MnO3

and 0.20, respectively. It is reasonable to conclude

M=Ms(1-a/Hn) suggests ferromagnetically aligned

that the observed behavior corresponds to the spin

spins which result in the short-range spin order as Dy

order in which short-range spin order is harder to be

content increases.

that

substitution

of

Dy

compounds

for

to

La

the

in

law

magnetized than the long-range one. The hysteresis
behavior can be modelled by the law of approach to

Acknowledgment

saturation in the form,
This work was sponsored by the Ministry of
M = Ms(1-a/Hn)n,

(1)

Science and Technology of the Republic of China
under the grant Nos. MOST 103-2221-E-164-003 and

Where 0≦n≦1. The term of a/Hn expresses the
deviation of magnetization from saturation and the

MOST 102-2112-M-164-001-MY2.

References

factor n changes with respect to the origin of
deviation. The factor a is correlated with the

[1]. Feng-Tian

Yu,

Shen-Yan

Shi,

“Giant

ferromagnetic correlation length. The values of a and

magnetoresistance: history, development and

n are both listed in Table I. Obviously, a increases

beyond,” Science China Physics, Mechanics

and n decreases as the Dy substitution concentration

and Astronomy, vol. 56, pp. 2-14, January

increases. Therefore, the values of factor a depends

2013.

International Journal of Computer, Consumer and Control (IJ3C), Vol. 4, No.2 (2015)

38

of

[10]. H. Y. Hwang, S-W. Cheong, P. G. Radaelli, M.

some

Marezio, and B. Batlogg, “Lattice effects on

experimental results,” International Journal of

the magnetoresistance in doped LaMnO3,”

Fundamental Physical Sciences, vol. 4, pp.

Physical Review B, vol. 33, pp. 914-917, July

13-25, March 2014.

1995.

[2]. Haji

Shirinzadeh,

colossal

“The

phenomenon

magnetoresistance

and

[3]. M. Z. Ruhiyuddin, A. Chik, K. Rafezi Ahmad,

[11]. J. M. De Teresa, K. Dörr, K. H. Müller, L.

“Preparation of colossal magnetoresistance

Schultz, and R. I. Chakalova, “Strong influence

ploycrystalline via sol-gel technique: a short

of the Mn3+ content on the binding energy of

review,” Advanced Materials Research, vol.

the lattice polarons in manganese perovskites,”

795, pp. 716-720, 2013.

Physical Review B, vol. 76, pp. R59928,

[4]. L. Sheng, D. Y. Xing, D. N. Sheng, and C. S.

September 1998.

Ting, “Theory of colossal magnetoresistance in
R1−xAxMnO3,” Physical Review Letters, vol.

Taichung, Taiwan, in 1964. He

79, pp. 1710-1713, September 1997.
[5]. J. M. D. Coey, M. Viret and S. von Molnár,
“Mixed-valence

manganites,”

Advance

in

[6]. P. W. Anderson, “Consideration on double
exchange,” Physical Review, vol. 100, pp.

[7]. John B. Goodenough, “Electronic structure of
CMR manganites,” Journal of Applied Physics,

[8]. D. I. Golosov, “New correlated model of
colossal magnetoresistive manganese oxides,”
vol.

104,

pp.

207207-207280, May 2010.
[9]. H.

Itoh,

T.

Ohsawa,

and

J.

Inoue,

“Magnetoresistance of ferromagnetic tunnel
junctions in the double-exchange model,”
Physical

Review

Letters,

2501-2504, March 2000.

worked on the synthesis and characterization of the
nanostructure materials and photonic devices

Republic of China for the past ten years. Currently,
he is a full professor at the Department of
Electronic Engineering, Hsiuping University of

vol. 81, pp. 5330-5335, 1997.

Letters,

National Sun Yat-sen University,

funded by the National Science Council of the

675-681, October 1955.

Review

received the Ph.D. degrees from

Kaohsiung, Taiwan, in 2002. He

Physics, vol. 48, pp. 167-293, 1999.

Physical

San–Lin Young was born in

vol.

84,

pp.

Science and Technology.

International Journal of Computer, Consumer and Control (IJ3C), Vol. 4, No.2 (2015)

Hone–Zern Chen was born in
Changhua, Taiwan. on August
29, 1959. He received the M.S.
and Ph.D. degrees in electrical
engineering from National Sun
Yat-Sen University in 1990 and 1996, respectively.
His current research interests are in the areas of
electroceramics,

ferroelectric,

and

magnetic

materials. Currently, he is a full professor at the
Department of Electronic Engineering, Hsiuping
University of Science and Technology.

Ming–Chen Kao was born in
Changhua, Taiwan, R.O.C. on
October 22, 1976. He received
the M.S. and Ph.D. degrees in
electrical engineering from
National Sun Yat-Sen University in 2000 and 2004,
respectively. His current research interests are in
the

areas

of

ferroelectric

materials

and

dye-sensitized solar cell. Currently, he is a full
professor

at

the

Department

of

Electronic

Engineering, Hsiuping University of Science and
Technology.

39

