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bstract

In the present work, the structural and transport properties of Sm0.6Sr0.4MnO3 polycrystalline sample were investigated. The sample was prepared
sing solid-state reaction technique. X-ray diffraction (XRD) showed a single-phase sample. The dc resistivity and magnetoresistance (MR) were

easured, in the temperature range from 40 K up to 300 K, using a cryogenic system capable of applying a magnetic field up to 5 T. A transition

t Tp ∼ 89 K was observed. This transition is shifted towards higher temperatures under the effect of applied magnetic field. At low temperature,
∼ 70 K, positive colossal magnetoresistance CMR values of 97% at magnetic field 2 T was observed and reached 99.7% at 5 T.
2007 Elsevier B.V. All rights reserved.
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. Introduction

During the last few decades the world scientific attention
as concentrated on studying the unusual magnetic and electric
roperties of rare earth manganites doped with divalent ele-
ents. These compounds could be used as a magnetic storage
edia. The general chemical formula is RyA1 − yMnO3, where R

s a rare earth element, A is a divalent element like Ca, Sr, Ba,. . ..
hese compounds are known to crystallize with the orthorhom-
ic distortion of the perovskite-like structure [1]. The R sites
re surrounded by quite distorted 12 oxygen atoms polyhedra
hile the oxygen octahedron around the Mn atoms is less dis-

orted. When an octahedron is tilted in some particular way,
t causes tilting of the neighboring octahedra. The simple for-

ula of both the [b] tilt and [c] tilt are given in Ref. [2]. The
rst-order approximation of [b] and [c] tilts are defined in Ref.

2] according to the following formula: [b] tilt ∼ (180 − α)/2
nd [c] tilt ∼ (180 − β)/2 where α and β are Mn–O1–Mn and
n–O2–Mn angles, respectively. These angles are the basic
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arameters in the magnetic and the electronic behavior in such a
ompound because they govern the interaction between the two
n ions.
In 1950 the striking correlation between the magnetic order-

ng and conductivity was discovered [3,4] and it was the
eginning of further research to understand such correlation.
fter that the concept of double exchange was suggested by
ener [5]. When some of the R3+ are replaced by A2+ part of the
n element will become tetravalent such that this Mn4+ is equiv-

lent to the value of A2+. Electronic exchange between Mn4+

nd Mn3+ ions is occurred via oxygen ions and these electrons
ave the same spin so that the compound becomes ferromag-
etic (FM) and conducting. The transport of charge between
n4+ and Mn3+ can occur only via simultaneous hopping of eg-

lectrons from Mn3+ to the O2− and from the O2− to t2g electrons
s a result of high spin of the d-electrons [6]. The doping pro-
uces an increase in the Mn3+/Mn4+ ratio that makes it easier
or electrons to hop between the Mn ions thus creating tendency
or ferromagnetic interactions rather than the antiferromagnetic

AFM). The AFM interaction dominates if the electrons are more
ocalized so that the strong magnetic field makes the localized
pins aligned, which enhances eg electrons hopping and reduces
esistivity [7]. The magnetoresistive behavior is one of the inter-
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Fig. 1. XRD pattern of Sm0.6Sr0.4MnO3.

sting properties of these compounds. The correlation between
he structure of such compounds and their electrical and mag-
etic properties plays an important role in understanding these
nusual properties [8]. Sm1 − xSrxMnO3 is one of the mangan-
tes which exhibits the colossal magnetoresistive property. Many
esearches are devoted to study this interesting topic and scien-
ists are willing to improve the characteristic of such compounds
9–16].

In the present paper, study of the CMR and its relation with
he crystal structure of Sm0.6Sr0.4MnO3 is presented.

. Experimental details

Sm0.6Sr0.4MnO3 sample was prepared using solid-state reaction method
rom initial pure oxides; Sm2O3, Mn2O3 and carbonate SrCO3. These com-
ounds were mixed together within the appropriate ratios then milled and pressed
n disc form. The obtained disc was fired at 950 ◦C for 12 h in air. The sample was
red again at 1350 ◦C for 72 h, after repletion of milling and pressing process.
isc of 12 mm diameter was obtained. The XRD measurements were performed
sing a Diano diffractometer with Co K� radiation. The XRD test showed that
he Sm0.6Sr0.4MnO3 sample exhibits a single-phase with orthorhombic struc-
ure. The resisitivity–temperature dependence ρ(T) was measured using standard
our-probe technique (a cryogenic system capable of applying a magnetic field
p to 5 T) in the temperature range from 50 K to 300 K. Both cooling and heating
uns were considered.

. Results and discussions

The XRD pattern is illustrated in Fig. 1. X-ray diffraction
nalysis was carried out using the program MRIA [17]. The
esults of XRD analysis that is based on Reitveld method showed
hat Sm0.6Sr0.4MnO3 has an orthorhombic crystal structure of
pace group Pnma. The quality factors of the agreement between
he observed and the calculated profiles are χ2 = 1. 251, Rp = 5.93
nd Rw = 7.63. The Sm/Sr atoms have (x, 1/4, z) coordinates
hile the Mn atoms have (0, 0, 1/2) coordinates. Concerning
he oxygen atoms; four of them occupy the (x, 1/4, z) coordi-
ates and eight have (x, y, z) coordinates. The x and z of Sm/Sr
toms have the values; 0.0170 and 0.0214 while their values
or O (1) atoms are 0.5290 and 0.0310, respectively. The O (2)

a
b
m
T

able 1
attice constants and Mn–O bond lengths of Sm0.6Sr0.4MnO3

a (Å) b (Å) c (Å)

ur sample 5.434(1) 7.681(2) 5.465(
ample of Ref. [10] 5.435 7.661 5.433
ig. 2. Temperature variation of resistivity at 0 T magnetic field of
m0.6Sr0.4MnO3 polycrystalline sample (in heating as well as in cooling).

toms coordinates x, y and z are −0.2678, −0.0026, 0.2398,
espectively. The lattice parameters and Mn–O bond lengths of
m0.6Sr0.4MnO3, prepared in this paper compared with similar
ne in Ref. [10] are given in Table 1.

It is clear that, there is a good agreement between the lattice
onstants in both samples however, a difference was found only
n the bond length of Mn–O. This deviation in the result of the
ond length can be attributed to the different values of the octa-
edral tilting (MnO6). The tilt of MnO6 is calculated according
o the well-known formula given in Ref. [2]. The tilt angles
f the sample under-investigation are [b] tilt ∼ 6.8755◦ and [c]
ilt ∼ 1.05725◦ and they have small values compared with those
alculated for the sample of Ref. [10] namely; [b] tilt ∼ 10.65◦
c] tilt ∼ 10◦. This is an indication that in our sample there is
ess distortion on the MO6 octahedron than that in the sample
f Ref. [10].

There is a difference in the resistivity measurements
ith increasing and decreasing temperature. The vari-

tion in resistivity–temperature dependence behavior of
m0.6Sr0.4MnO3 at zero magnetic field in the case of heating
rom the cooling process is shown in Fig. 2. The resistivity
ncreases with decreasing temperature, i.e., a semi-conducting
ehavior is predominant. At temperature of 71 K, a transition
s observed on cooling. On heating this transition is shifted a
ittle bit towards higher temperatures. After this temperature
T ∼ 74 K) a metallic behavior is observed. This behavior is
imilar to electron or hole doped manganites [18–22]. A hys-
eresis between heating and cooling of ρ(T) is characterized.
he strontium deficiency leads to an increase in the value of
(T) as well as a decrease in the electrical transition temper-
ture. Because we deal with granular materials where there is

possibility to get more or less insulating barriers at the grain
oundaries. These barriers will limit the residual resistivity. This
echanism is well known in ceramics, in ferrite as well as in high

c superconductors where insulating barriers cause the appear-

Mn–O1 (Å) Mn–O2 (Å) Mn–O2 (Å)

1) 1.934(25) 2.035(57) 1.819(57)
1.951 1.960 1.940
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Fig. 3. Thermal dependence of the resistivity at applied magnetic fields of 0 T,
1 T, 2 T, 3 T, 4 T and 5 T of Sm0.6Sr0.4MnO3 for cooling runs.
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thermal hysteresis in the resistivity measurements of about 15 K
between heating and cooling runs. We have a good agreement
with the previous work at zero applied field.
I.A. Abdel-Latif et al. / Journal of All

nce of Josephson junction below the transition temperature of
he super-conducting grains. The difference in resistivity is still
btained with applying magnetic field on the sample during the
eating and cooling measurements. The dependence of phase
emperature on strontium concentration in Sm1 − xSrxMnO3 was
eported in different papers [9,12–14]. There is a transition,
hich occurred for Sm0.6Sr0.4MnO3 single crystal at Tc ∼ 107 K

see Ref. [9]) and at Tc ∼ 123 K which is given in Ref. [14]. For
he polycrystalline Sm0.6Sr0.4MnO3 the transition temperature
c is 125 K while Tp is 131 K [12]. It was reported by Martin
t al. [13] that a transition to charge ordering phase occurred at
CO ∼ 140 K. From the above mentioned, in different works, the

ransition temperature is not the same for Sm0.6Sr0.4MnO3. The
rystal structure which is obtained from different works is the
ame for Sm0.6Sr0.4MnO3. The lattice constants are identical
ut the oxygen atoms occupy different positions as a result of
he tilt of the octahedron. The magnetic and electronic transport
ccur via oxygen atoms which construct this octahedron. This
ay lead to the difference in Tc. Also, the coexistence of the

erromagnetic, the canted antiferromagnetic, the charge and the
rbital ordering leads to the appearance of the multicritical phase
iagram. Looking at the resistivity–temperature dependence in
ur case (cooling run), one can note the transition from insula-
or to metallic behavior at T ∼ 74 K. In the metallic state there
re two transition temperatures at T ∼ 108 K and T ∼ 157 K. This
ay be attributed to the coexistence of charge and canted antifer-

omagnetic (weak ferromagnetic) ordering at 74 K > T < 108 K.
he ferromagnetic ordering predominates at T > 157 K. Similar
ehavior was reported for Sm0.5Sr0.5MnO3 where the coexist-
ng correlations of the charge or orbital ordering, ferromagnetic
nd layered-antiferromagnetic ordering were observed [14].

The magnetoresistance (MR) of manganese perovskites can
e of unprecedented magnitude. In most cases, the large resis-
ance changes are achieved only in a strong magnetic field in
he Tesla range, which severely limits their practical utility.
educing the field scale and increasing the operating temper-
ture has been the goal of a number of research groups world
ide. The effect of external magnetic field on the resistivity
ehavior of Sm0.6Sr0.4MnO3 compounds has been investigated.

decrease in resistivity with increasing the applied magnetic
eld on cooling as well as on heating runs is observed as shown

n Figs. 3 and 4.
Variation of the resistivity of Sm0.6Sr0.4MnO3 with temper-

ture at different applied magnetic field (on both heating and
ooling runs) shows that the transition becomes broader with
pplied field and shifts to higher temperatures. The decrease in
he resistivity by the application of a magnetic field presumably
s as a result of an increase in the ordering of the dipoles inside the
amples. Generally, the sample requires higher transition energy
o change from insulator to metal as justified by the broad tran-
ition. It seems that the transition on heating is sharp compared
ith that on cooling because on heating Sm0.6Sr0.4MnO3 enters

he metallic state faster than on cooling.

The increase of transition temperature (Tc) with increasing

pplied magnetic field is represented in Fig. 5. The value of
c is determined by taking the first derivative of the resistivity
ith temperature at applied fields. As usual, the transition tem- F
ig. 4. Thermal dependence of the resistivity at applied magnetic fields of 0 T,
T, 2 T, 3 T, 4 T and 5 T of Sm0.6Sr0.4MnO3 for heating runs.

erature increases with increasing the applied field. There is a
ifference in Tc on heating compared with that on the cooling
ycle for Sm0.6Sr0.4MnO3 sample (hysteresis) which increases
rom 8 K to 15 K with increasing magnetic field. Probably, the
ample passes the phase border of metal to semiconductor faster
n heating than on cooling. This may be due to a localization
f the applied magnetic dipoles. Similar behavior was observed
n Sm0.65Sr0.35MnO3 by Borges et al. [23]. They observed a
ig. 5. The variation of the transition temperature with applied magnetic field.
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Fig. 6. Magnetoresistance of Sm0.6Sr0.4MnO3 at different applied magnetic
fields.
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ig. 7. Magnetoresistance of Sm0.6Sr0.4MnO3, of Ref. [10], at 2.4 T applied
agnetic field.

Magnetoresistance of Sm0.6Sr0.4MnO3 measured for differ-
nt magnetic fields from 2 T up to 5 T is illustrated in Fig. 6. It is
uite clear that CMR is observed at temperature of T = 70 K, MR
alues at magnetic fields 2 T, 3 T, 4 T and 5 T are 97%, 98.7%,
9.3% and 99.7%, respectively. The precedence in this work is
he magnificent value of MR at T = 260 K (not so far from room
emperature) where MR takes values 69.4% up to 87.3% for

agnetic field from 2 T to 5 T, respectively. It is worthwhile to
ompare our MR measurements of Sm0.6Sr0.4MnO3 with those
eported by Dunaevsky et al. [10]. MR, reported in Ref. [10], of
m0.6Sr0.4MnO3 (at magnetic field 2.4 T) is shown in Fig. 7

At T = 84.4 K, the MR, measured by Dunaevsky et al. [10] at
= 2.4 T, is 81.7% while our lies between 90.7% and 96.4%. In
pite that both Sm0.6Sr0.4MnO3 samples have the same structure
lattice constants are almost the same) and are prepared using
olid-state reaction, they have different MR values. There is a
ifference in the thermal treatment during preparation and this

[

[

nd Compounds 452 (2008) 245–248

ay lead to the difference in the tilt of octahedra. Moreover, as it
s well known that the exchange interaction between Mn eg and

2p orbital is governed by the Mn–O1–Mn and Mn–O2–Mn
ngles, they are the basic parameters in the magnetic and elec-
ronic behaviors in this compound. So we have less distortion
n the MnO6 octahedra than that in Ref. [10] which leads to the
ncrease in CMR value.
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