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Abstract

Eu-doped perovskites La0.65�xEuxSr0.35MnO3 (0.05 � x � 0.30) were synthesized by sol–gel method using citric acid and characterized by X-

ray diffraction, magnetization, resistivity and magnetoresistance (MR) experiments. All samples had a single hexagonal perovskite structure. As x

increased from 0.05 to 0.30, the Curie temperature TC for the samples decreased from 352 to 242 K. It was found that two transition points appeared

when the resistivity changed with increasing temperature, and upon an application of a magnetic field of 20 kOe the maximum magnetoresistivity

of 18% for the La0.65�xEuxSr0.35MnO3 with x = 0.20 was obtained at room temperature 300 K. The mechanism of the transitions for the samples

was explored.
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1. Introduction

Over the past few years, perovskite manganites

A1�xA0xMnO3 (A = trivalent rare earth; A0 = divalent alkaline

earth metal or monovalent alkali metal) have received special

attention due to many fascinating properties such as insulator–

metal transition (I–M), colossal magnetoresistance (CMR),

magnetocaloric effect (MCE) and charge, orbital, spin ordering

[1–3]. Undoped LaMnO3 is antiferromagnetic insulator, and

substitution of divalent ions for La3+ creates a Mn3+–Mn4+

mixed valence state resulting in mobile charge carriers and

canting of Mn spins. Then, LaMnO3 can be driven into a

metallic and ferromagnetic state. Both Mn3+ and Mn4+ ions

possess a local spin (S = 3/2) from their lower t3
2g orbital, and

Mn3+ has an extra electron in the eg orbital which is responsible

for conduction. The double exchange (DE) interaction [4]

between Mn3+ and Mn4+ ions, along with the Jahn–Teller

distortion, leads to the appearance of the so-called CMR in such

systems. Millis et al. argued that the physics of manganites is

dominated by the interplay between a strong electron–phonon

coupling and the large Hund coupling effects that optimizes the

electronic kinetic energy by the formation of ferromagnetic
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phase [5,6]. However, other factors, namely, average A-site

cationic radius, mismatch effects, competition between the

ferromagnetic and the charge-ordered phases, vacancies in La-

and Mn-sites and the oxygen stoichiometry, also play an

important role.

A family of Sr-doped La1�xSrxMnO3 manganites has

attracted the widest interest in aspects of experimental and

theoretical researches, because they exhibit the largest CMR

effect [7–9]. However, the Curie temperature (TC) value of this

material family is about 370 K, still far away from room

temperature. Fortunately, as the TC and magnetization of

perovskite manganites can be adjusted by either La-site or Mn-

site doping, the CMR effect of perovskite manganites can be

tuned to near room temperature, which is beneficial for

manipulating magnetoresistivity that occurs in various tem-

perature ranges [10]. In this study, we try to lower the metal–

semiconductor transition temperature, which is usually nearly

coincident with the Curie temperature, nearly to the room

temperature so that large MR can be obtained around the room

temperature.

2. Experimental

A series of La0.65�xEuxSr0.35MnO3 bulk samples were

synthesized by sol–gel technique using citric acid (CA). The
d.
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Table 1

Lattice parameters, cell volume, average A-site ionic radius, and Curie tem-

perature for La0.65�xEuxSr0.35MnO3 (0.05 � x � 0.30)

Sample x = 0.05 x = 0.10 x = 0.15 x = 0.20 x = 0.30

a (Å) 5.501 5.489 5.486 5.468 5.459

c (Å) 13.342 13.341 13.334 13.350 13.358

V (Å3) 349.6 348.1 347.6 345.7 344.8

hrAi (Å) 1.208 1.205 1.202 1.199 1.193

TC (K) 352 343 324 305 242
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stoichiometric amounts of analytical reagents of La(NO3)3,

Eu2O3, Sr(NO3)2, Mn(NO3)2 were dissolved in dilute HNO3

solution. A certain amount of citric acid (molar ration: CA/all

the metallic ions = 2) as chelating agents was introduced into

the above mixture. The mixture was magnetically stirred for

2 h. Clear and transparent sol was obtained after complete

dissolution, which was evaporated on a water bath at 363 K to

remove the excess water, and then the gel is formed. The gel

was dried at 473 K in baking oven until xerogel formed. The

xerogel was slowly heated to 873 K and pre-calcined for 5 h to

make the organic matter decompose completely. The obtained

powders were ground, pelletized, and calcined at 1473 K for

10 h.

The structure of polycrystalline La0.65�xEuxSr0.35MnO3

samples were characterized by X-ray diffraction (XRD) using

a D/max-2500/PC system with the Cu Ka radiation and

measured at room temperature. High-purity silicon powders

were used as an internal standard to determine the lattice

parameters, which was determined from X-ray data using

JADE 6.5 software. The magnetic measurements were

performed by using Lake Shore M-7407 vibrating sample

magnetometer (VSM), and resistivity data were obtained

by Quantum Design MPMS-XL-5 system with a standard

four-probe method.

3. Results and discussion

Fig. 1 shows the X-ray diffraction patterns for

La0.65�xEuxSr0.35MnO3 samples with 0.05 � x � 0.30 at room

temperature. All samples have a single hexagonal perovskite

structure. The lattice constants for polycrystalline

La0.65�xEuxSr0.35MnO3 samples are listed in Table 1, and the

average A-site ionic radius, the Curie temperature and the

coercivity are also given. The lattice parameters a and the unit

cell volume decrease with the Eu content, while the lattice

parameter c reaches a minimum value at x = 0.15 and then

increases as x > 0.15. Since the radius of La3+ is greater than

that of Eu3+ in the La1�xEuxSrMnO3 system, it is reasonable to
Fig. 1. XRD patterns at room temperature for La0.65�xEuxSr0.35MnO3

(0.05 � x � 0.30).
observe the reducing lattice constants and the average A-site

ionic radius hrAi with the increase in the Eu content.

Fig. 2 shows the temperature dependence of the magnetiza-

tion (M–T curve) in field cooling (FC) process upon an

application of a field 500 Oe for the samples sintered at 1473 K.

It is found that the transition occurs in a narrow temperature

range, which suggests a good homogeneity of the samples.

More interestingly, the shape of the M–T curve remains almost

unchanged even the Eu content increases, but all the curves

have a sharp drop in magnetization near the transition

temperature. Also as listed in Table 1, the data of the Curie

temperature TC, defined as a maximum in the ‘‘absolute value’’

of dM/dT, show that TC shifts towards lower temperature with

increasing the Eu content, which can be attributed to the

increase in the bending of Mn–O–Mn bond angle that causes an

enhancement of carrier effective mass or a narrowing of the

band width [11,12]. The working temperature of the potential

colossal magnetoresistance material can be changed easily by

La-site doping, which is beneficial for the future application in

various temperature ranges.

Fig. 3 exhibits the resistivity and magnetoresistance

[MR = (r0 � rH)/r0 � 100] for La0.45Eu0.2Sr0.35MnO3 as a

function of temperature under an applied magnetic field of zero

and 20 kOe. It can be seen from Fig. 3 that the r0–T curves

show double peaks. Upon an applied magnetic field, the

resistivity drops and the two transition peaks shift towards

higher temperature. The sample shows the semiconducting-like
Fig. 2. The temperature dependence of the magnetization in field cooling (FC)

process upon an application of a field 500 Oe.



Fig. 3. The resistivity and magnetoresistance as a function of temperature for

La0.45Eu0.2Sr0.35MnO3.
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and metallic behavior above and below TC, respectively, similar

to that of many other known CMR materials [13,14]. When the

temperature drops nearly to the Curie temperature, the thermal

disturbance decreases and the lattice scattering also decreases,

which makes the scattering relating to the magnetism

counterbalance to the lattice scattering. With the drop in

temperature, the intensity of the lattice scattering decreases, but

the amount of carriers excited also decreases, which leads to the

rise in the resistivity. However, when the temperature drops at

below the Curie temperature, the spin will transit from disorder

to ferromagnetism order. As a result, the scattering intensity

relating to the magnetism decreases. Consequently, the eg

electrons become easy to jump between Mn ions, which makes

the transfer rate of carriers increase, leading to that the

resistivity begin to decrease. Therefore, there appears a metal–

semiconductor transition near TC, which is the direct result that

the arrangement of the electronic spin affects the conductive

properties when the sample transits from the paramagnetic

phase to the ferromagnetism phase. As the temperature

decreases further, the amount of the excited carriers decrease,

which leads to that the resistivity rises again. Therefore, the

second transition, i.e. the metal–semiconductor transition,

occurs. Furthermore, this process occurs in the quite wide range

of temperature, which has been demonstrated in the Fig. 3 that

the peak of the second transition is smooth and wide. The

maximum magnetoresistivity of 18% is observed at 300 K for

La0.45Eu0.2Sr0.35MnO3. The result is of practical importance,

because it shows that the La0.45Eu0.2Sr0.35MnO3 sample is a

promising candidate for room temperature applications such as
magnetic sensors, magnetoresistive read heads, and magnetic

recording material.

4. Conclusions

Eu-doped perovskites La0.65�xEuxSr0.35MnO3 (0.05 � x �
0.30) have been synthesized by sol–gel method using citric acid,

which structures have been revealed to have a single hexagonal

perovskite structure with a space group R-3c. As the Eu content

increases, the TC will shift towards lower temperature. It has been

found that there are two transitions when temperature varies, and

the maximum magnetoresistivity of 18% for the sample with

x = 0.20 in a magnetic field of 20 kOe is obtained 300 K, which

makes it possible that the application can be realized at room

temperature. The mechanism of the transitions occurred for

La0.65�xEuxSr0.35MnO3 can be explained by the factors such as

lattice scattering, magnetic scattering, the amount of excited

carriers, etc.
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