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Abstract

In the present work, the structural and transport properties of Smg ¢Sty ,MnOj polycrystalline sample were investigated. The sample was prepared
using solid-state reaction technique. X-ray diffraction (XRD) showed a single-phase sample. The dc resistivity and magnetoresistance (MR) were
measured, in the temperature range from 40 K up to 300 K, using a cryogenic system capable of applying a magnetic field up to 5ST. A transition
at Tp ~ 89 K was observed. This transition is shifted towards higher temperatures under the effect of applied magnetic field. At low temperature,
T~ 70K, 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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1. Introduction

During the last few decades the world scientific attention
was concentrated on studying the unusual magnetic and electric
properties of rare earth manganites doped with divalent ele-
ments. These compounds could be used as a magnetic storage
media. The general chemical formulais RyA; — yMnO3, where R
is arare earth element, A is a divalent element like Ca, Sr, Ba,. . ..
These compounds are known to crystallize with the orthorhom-
bic distortion of the perovskite-like structure [1]. The R sites
are surrounded by quite distorted 12 oxygen atoms polyhedra
while the oxygen octahedron around the Mn atoms is less dis-
torted. When an octahedron is tilted in some particular way,
it causes tilting of the neighboring octahedra. The simple for-
mula of both the [b] tilt and [c] tilt are given in Ref. [2]. The
first-order approximation of [b] and [c] tilts are defined in Ref.
[2] according to the following formula: [b] tilt ~ (180 — «)/2
and [c] tilt ~ (180 — B8)/2 where « and 8 are Mn—-O1-Mn and
Mn-0O2-Mn angles, respectively. These angles are the basic

* Corresponding author. Tel.: +20 10 7047854.
E-mail address: ihab_abdellatif @yahoo.co.uk (I.A. Abdel-Latif).

0925-8388/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.jallcom.2007.07.022

parameters in the magnetic and the electronic behavior in such a
compound because they govern the interaction between the two
Mn ions.

In 1950 the striking correlation between the magnetic order-
ing and conductivity was discovered [3,4] and it was the
beginning of further research to understand such correlation.
After that the concept of double exchange was suggested by
Zener [5]. When some of the R3* are replaced by A%* part of the
Mn element will become tetravalent such that this Mn** is equiv-
alent to the value of A%*. Electronic exchange between Mn**
and Mn3* ions is occurred via oxygen ions and these electrons
have the same spin so that the compound becomes ferromag-
netic (FM) and conducting. The transport of charge between
Mn** and Mn** can occur only via simultaneous hopping of e,-
electrons from Mn3* to the 02~ and from the O~ to 1y electrons
as a result of high spin of the d-electrons [6]. The doping pro-
duces an increase in the Mn3*/Mn** ratio that makes it easier
for electrons to hop between the Mn ions thus creating tendency
for ferromagnetic interactions rather than the antiferromagnetic
(AFM). The AFM interaction dominates if the electrons are more
localized so that the strong magnetic field makes the localized
spins aligned, which enhances e, electrons hopping and reduces
resistivity [7]. The magnetoresistive behavior is one of the inter-
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Fig. 1. XRD pattern of Smq 6Srp4MnO3.

esting properties of these compounds. The correlation between
the structure of such compounds and their electrical and mag-
netic properties plays an important role in understanding these
unusual properties [8]. Smj _ ,Sr,MnOj3 is one of the mangan-
ites which exhibits the colossal magnetoresistive property. Many
researches are devoted to study this interesting topic and scien-
tists are willing to improve the characteristic of such compounds
[9-16].

In the present paper, study of the CMR and its relation with
the crystal structure of Smg ¢Srg4MnO3 is presented.

2. Experimental details

Smg 6Sr94MnO3 sample was prepared using solid-state reaction method
from initial pure oxides; Smy;O3, Mn,O3 and carbonate SrCO3. These com-
pounds were mixed together within the appropriate ratios then milled and pressed
in disc form. The obtained disc was fired at 950 °C for 12 hin air. The sample was
fired again at 1350 °C for 72 h, after repletion of milling and pressing process.
Disc of 12 mm diameter was obtained. The XRD measurements were performed
using a Diano diffractometer with Co Ka radiation. The XRD test showed that
the Smy 6Srp4MnO3 sample exhibits a single-phase with orthorhombic struc-
ture. The resisitivity—temperature dependence p(7) was measured using standard
four-probe technique (a cryogenic system capable of applying a magnetic field
up to 5 T) in the temperature range from 50 K to 300 K. Both cooling and heating
runs were considered.

3. Results and discussions

The XRD pattern is illustrated in Fig. 1. X-ray diffraction
analysis was carried out using the program MRIA [17]. The
results of XRD analysis that is based on Reitveld method showed
that Smg ¢Sr94MnO3 has an orthorhombic crystal structure of
space group P,,,,,. The quality factors of the agreement between
the observed and the calculated profiles are X2 =1.251,R,=5.93
and Ry =7.63. The Sm/Sr atoms have (x, 1/4, z) coordinates
while the Mn atoms have (0, 0, 1/2) coordinates. Concerning
the oxygen atoms; four of them occupy the (x, 1/4, z) coordi-
nates and eight have (x, y, z) coordinates. The x and z of Sm/Sr
atoms have the values; 0.0170 and 0.0214 while their values
for O (1) atoms are 0.5290 and 0.0310, respectively. The O (2)
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Fig. 2. Temperature variation of resistivity at OT magnetic field of
Smyg 6Sr9.4MnO3 polycrystalline sample (in heating as well as in cooling).

atoms coordinates x, y and z are —0.2678, —0.0026, 0.2398,
respectively. The lattice parameters and Mn—O bond lengths of
Smy 6Srg4MnO3, prepared in this paper compared with similar
one in Ref. [10] are given in Table 1.

It is clear that, there is a good agreement between the lattice
constants in both samples however, a difference was found only
in the bond length of Mn—O. This deviation in the result of the
bond length can be attributed to the different values of the octa-
hedral tilting (MnOg). The tilt of MnOg is calculated according
to the well-known formula given in Ref. [2]. The tilt angles
of the sample under-investigation are [b] tilt ~ 6.8755° and [c]
tilt ~ 1.05725° and they have small values compared with those
calculated for the sample of Ref. [10] namely; [b] tilt ~ 10.65°
[c] tilt ~ 10°. This is an indication that in our sample there is
less distortion on the MOg octahedron than that in the sample
of Ref. [10].

There is a difference in the resistivity measurements
with increasing and decreasing temperature. The vari-
ation in resistivity—temperature dependence behavior of
Smg 6Sr94MnO3 at zero magnetic field in the case of heating
from the cooling process is shown in Fig. 2. The resistivity
increases with decreasing temperature, i.e., a semi-conducting
behavior is predominant. At temperature of 71 K, a transition
is observed on cooling. On heating this transition is shifted a
little bit towards higher temperatures. After this temperature
(T~74K) a metallic behavior is observed. This behavior is
similar to electron or hole doped manganites [18-22]. A hys-
teresis between heating and cooling of p(7) is characterized.
The strontium deficiency leads to an increase in the value of
p(T) as well as a decrease in the electrical transition temper-
ature. Because we deal with granular materials where there is
a possibility to get more or less insulating barriers at the grain
boundaries. These barriers will limit the residual resistivity. This
mechanism is well known in ceramics, in ferrite as well as in high
T. superconductors where insulating barriers cause the appear-

Table 1
Lattice constants and Mn-O bond lengths of Smg ¢Srp4MnO3

a(A) b(A) c(A) Mn-O1 (A) Mn-02 (A) Mn-02 (A)
Our sample 5.434(1) 7.681(2) 5.465(1) 1.934(25) 2.035(57) 1.819(57)
Sample of Ref. [10] 5.435 7.661 5.433 1.951 1.960 1.940
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ance of Josephson junction below the transition temperature of
the super-conducting grains. The difference in resistivity is still
obtained with applying magnetic field on the sample during the
heating and cooling measurements. The dependence of phase
temperature on strontium concentration in Smj _ ,Sr,MnO3 was
reported in different papers [9,12—14]. There is a transition,
which occurred for Smg 6Sr9.4MnQO3 single crystal at T, ~ 107 K
(see Ref. [9]) and at T, ~ 123 K which is given in Ref. [14]. For
the polycrystalline Smq 6Sr94MnOj3 the transition temperature
T, is 125K while T}, is 131 K [12]. It was reported by Martin
et al. [13] that a transition to charge ordering phase occurred at
Tco ~ 140 K. From the above mentioned, in different works, the
transition temperature is not the same for Smq Srg.4MnQO3. The
crystal structure which is obtained from different works is the
same for Smq ¢Srg4MnQO3. The lattice constants are identical
but the oxygen atoms occupy different positions as a result of
the tilt of the octahedron. The magnetic and electronic transport
occur via oxygen atoms which construct this octahedron. This
may lead to the difference in 7. Also, the coexistence of the
ferromagnetic, the canted antiferromagnetic, the charge and the
orbital ordering leads to the appearance of the multicritical phase
diagram. Looking at the resistivity—temperature dependence in
our case (cooling run), one can note the transition from insula-
tor to metallic behavior at 7~ 74 K. In the metallic state there
are two transition temperatures at 7~ 108 K and 7~ 157 K. This
may be attributed to the coexistence of charge and canted antifer-
romagnetic (weak ferromagnetic) ordering at 74 K>T< 108 K.
The ferromagnetic ordering predominates at 7> 157 K. Similar
behavior was reported for Smq 5SrgsMnO3 where the coexist-
ing correlations of the charge or orbital ordering, ferromagnetic
and layered-antiferromagnetic ordering were observed [14].

The magnetoresistance (MR) of manganese perovskites can
be of unprecedented magnitude. In most cases, the large resis-
tance changes are achieved only in a strong magnetic field in
the Tesla range, which severely limits their practical utility.
Reducing the field scale and increasing the operating temper-
ature has been the goal of a number of research groups world
wide. The effect of external magnetic field on the resistivity
behavior of Smg ¢Srp4MnO3 compounds has been investigated.
A decrease in resistivity with increasing the applied magnetic
field on cooling as well as on heating runs is observed as shown
in Figs. 3 and 4.

Variation of the resistivity of Smq ¢Srgp4MnO3 with temper-
ature at different applied magnetic field (on both heating and
cooling runs) shows that the transition becomes broader with
applied field and shifts to higher temperatures. The decrease in
the resistivity by the application of a magnetic field presumably
isas aresult of anincrease in the ordering of the dipoles inside the
samples. Generally, the sample requires higher transition energy
to change from insulator to metal as justified by the broad tran-
sition. It seems that the transition on heating is sharp compared
with that on cooling because on heating Smg ¢Srg 4MnO3 enters
the metallic state faster than on cooling.

The increase of transition temperature (1) with increasing
applied magnetic field is represented in Fig. 5. The value of
T. is determined by taking the first derivative of the resistivity
with temperature at applied fields. As usual, the transition tem-
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Fig. 3. Thermal dependence of the resistivity at applied magnetic fields of 0T,
1T,2T,3T,4T and 5T of Smg 6Sro4MnOs3 for cooling runs.
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Fig. 4. Thermal dependence of the resistivity at applied magnetic fields of 0T,
I1T,2T,3T,4T and 5T of Smg Sro4MnOj3 for heating runs.

perature increases with increasing the applied field. There is a
difference in T, on heating compared with that on the cooling
cycle for Smg ¢Sro4MnO3 sample (hysteresis) which increases
from 8§ K to 15 K with increasing magnetic field. Probably, the
sample passes the phase border of metal to semiconductor faster
on heating than on cooling. This may be due to a localization
of the applied magnetic dipoles. Similar behavior was observed
in Smyg 551935MnO3 by Borges et al. [23]. They observed a
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.
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Fig. 5. The variation of the transition temperature with applied magnetic field.
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Fig. 6. Magnetoresistance of Smq¢Sro4MnO3 at different applied magnetic
fields.
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Fig. 7. Magnetoresistance of SmgSrg4MnO3, of Ref. [10], at 2.4 T applied
magnetic field.

Magnetoresistance of Smg ¢Srg.4MnO3 measured for differ-
ent magnetic fields from 2 T up to 5 T is illustrated in Fig. 6. It is
quite clear that CMR is observed at temperature of 7=70 K, MR
values at magnetic fields 2T, 3T, 4T and ST are 97%, 98.7%,
99.3% and 99.7%, respectively. The precedence in this work is
the magnificent value of MR at 7=260 K (not so far from room
temperature) where MR takes values 69.4% up to 87.3% for
magnetic field from 2 T to 5T, respectively. It is worthwhile to
compare our MR measurements of Smq ¢Srg4MnO3 with those
reported by Dunaevsky et al. [10]. MR, reported in Ref. [10], of
Smy 6S19.4MnO3 (at magnetic field 2.4 T) is shown in Fig. 7

At T=84.4K, the MR, measured by Dunaevsky et al. [10] at
H=2.4T,is 81.7% while our lies between 90.7% and 96.4%. In
spite that both Smq ¢Sr9 4MnO3 samples have the same structure
(lattice constants are almost the same) and are prepared using
solid-state reaction, they have different MR values. There is a
difference in the thermal treatment during preparation and this

may lead to the difference in the tilt of octahedra. Moreover, as it
is well known that the exchange interaction between Mn e, and
O 2p orbital is governed by the Mn—O1-Mn and Mn-O2-Mn
angles, they are the basic parameters in the magnetic and elec-
tronic behaviors in this compound. So we have less distortion
in the MnOg octahedra than that in Ref. [10] which leads to the
increase in CMR value.
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