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Abstract

Electrical and magnetic properties of Lags,Cag3;3sMnO; and
Lag ¢7S1933Mn0O5 systems were studied via solid-state reaction method. The
studies have been carried out by powder X-ray diffraction analysis (XRD),
resistance techniques by using D.C four point probe and magnetic
susceptibility by using A.C susceptometer. These materials are extensively
studied also by the substitution of rare-earth compound to understand the
nature of transport phenomena in each system. From X-ray diffraction
(XRD) patterns, the samples of LCMO and LSMO systems show single
phase perovskite structure and our powder samples crystallize in a
orthorhombic and rhombohedral structures respectively. The electrical
transport studies exhibit metal to insulator transition (MIT) at low
temperature, AC susceptibility studies exhibit ferromagnetic to
paramagnetic transition with an antiferromagnetic ordering at low
temperature.

LCMO 5 LSMO aolail o dpeblitolly & g1 2luasid G\s

g A= Sr, Cay La AMNOs) ol auls 3 58 slozal gb 531 5531 &
W LA g el (3 Lls dadeg 2a by oles e Wb WL sl ol ol ey el Yl

~1~



Journal of Humanitarian, Scientific and Social Sciences
2" Issue December 2016
C——————

il S olihs olb slse clid dole 3 2Ll (LSMO, LCMO) Je LI By
58 el oSG iy (3 Lgalioiza) 25ISGY Apblially dy oS Lpoles dul)s s 23y LS

UL el 33050 ledaw Yy slaoY) 35618

5 (Lag 67Ca 33MnO3) 2l .57l tnblines S jatladl o duhs of foall la i
) gh b plsuialy 2k B> Sl e Al AW Jels 1k (Lag 67510.33MnOs)
Slog=s Jo clazzl Lo ( XRD ) aedl 2esll ss alisaaly Olial) coamd 1350 A
inlydg 22Y Gbline Slog=by bl @)‘y\ Gt Ol alsraly 250, Baglill Ld 2548
) (A.C susceptometer) sl dwblal) 3N 3 LUiSy dabliall 2501 jarlax
Ganb wgd) 39 30U Bz V) OLSM degazt e AoVl auly Glas o sl o 2l o Ll
5 LCMO cls ot (XRD) el 2028 55 LUT ISt ay (ol JS7 3 ol
i gy (SamagysfisV ) B geme JSaD) 53 lll a1 el S5l ¢ WSSLSMO
A LU s 3 Sl A R e AR (3 s Ly Q) e (tasasay) ol
B s ey i) 1A ams e ( MIIT) G5l U asaal) o JUsY) @ gbsl a4
A liagedl) B j3eb wo Bmblinn LU L) dblinng il o JUsVL (ALC)y wblidl) ST
sl 055 SLSH sda (3 a1 3,14 iy O Sl dll sds gl LS iisdl) 30 4 s (3

A glaig ) jad g ol lag i

szt 3pte 3l LSMO - ot 96100 sl llaieaV) we o ) L ¢ ailial s
S5 Y1y Bneblitl) bl 56 5 e a1 sl 3afSIW ) e B Y1 Ll
Lo, ahgd) Slaizn) goimed 2B SV shlS aaltsiznl oz (5 e 350y demablially 250,65
ooh Sl abldl) Sl JU L e alesdt) Skl LEMO J o g2 plazal)

UL i LISy sl 3 ST G lial) e gkl ol g

~2 ~



Journal of Humanitarian, Scientific and Social Sciences
2™ Issue December 2016

Keyword: Electrical , magnetic and colossal magnetoresistance
Introduction

The interest in perovskite manganites with the form , La; ,A,MnO;
(A = divalent alkaline earth metal, i.e. Ca”, Sr+2, B*? and Pb" ) in recent
years was due to their observed colossal magnetoresistance (CMR) effects
near the ferromagnetic-paramagnetic transition temperature Tc in this
material and the potential applications in magnetoresistive transduser and
magnetic sensors [1]. These systems have technological importance such as
in sensor application and increasing data storage by increasing in sensitivity
of hard disk drive read heads [2]. The phenomenon of CMR effects,
explained by Zener through the double exchange mechanism, occurs in the
phase transition from a paramagnetic insulator at high temperature to the
ferromagnetic metal at low temperature T, [3]. Above the metal-insulator
transition temperature T, the sample shows activated behavior (dp/dT<o) or
behave like a semiconductor material. The LaMnOs; is a perovskite-type
oxide and it's antiferromagnetic insulator due to the superexchange
antiferromagnetic  coupling interaction between the Mn’" and Mn*'
1ons.LSMO is metallic ferromagnetic manganite with Curi temperature of =
360 K [4,5]. La;Sr,MnO; is considered as an alloy of LaMnO; with a( La)
atom substituted by a( Sr) atom. It shows colossal MR and exhibits half-
metallic properties for x=0.3 [6]. At x= 0.3, it has been shown that its spin
polarization is 95% at 4K and ~ 90% at 100K [7,8]. As early ,provided
evidence La; ,Ca,MnQOj; is an HM [9]. The manganites doped with calcium
and strontium [10-13] received much attention due to the high Tc and small
variance of the B site ionic radii. Recent studies on these materials revealed
that CMR phenomenon is attributed not only to the double exchange (DE)
mechanism but also to the interactions such as electron-phonon coupling,
electronmagnon interaction, and the complicated band structure . In the
present paper, we have studied the electrical and magnetic properties of
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probe and to compare between Lajs;Cag3;3MnO; and Lagg7Sr)33MnO;
systems.

Experiment

The manganites samples of La; ¢;Caj33MnO3 and La, 7St 33;MnO;were
prepared via the conventional solid-state reaction method. A well-mixed
stoichiometric mixture of La,O; , CaCOs; , MnCO; and La,0;, SrCO;,
MnO, with purities higher than 99.9% were mixed with acetone, ball
milled for 6 h and oven dried at 110 °C overnight. The dried powder was
heated at 900 °C in air for 12 h with rate 3°C/min to produce a highly
reactive powder. After calcination, the black powdery mixture was
grounded and sieved in order to ensure good homogeneity, then pressed
into pellets using 1.2g powder by hydraulic press at (3Tcm™) and sintered at
1300 °C for 24 hours with rate 2°C/min, followed by furnace cooling at
room temperature.

Characterization of the samples were done by Philip x-ray diffractometer
(XRD) with a rotating anode at room temperature with CuKo radiation
using Phillips (PW1830) in order to see the structure of the samples with
A=1.54056 °A. The resistance was measured by the conventional four-probe
technique in the temperature range of 20 to 300 K. Ac magnetic
susceptibility ¥ measurements for two systems as a function of temperature
in a magnetic field of H=10 Oe were measured by a Lakeshore AC(Model
7000) susceptometer with temperature range of 30-300 K and a frequency
of 125 Hz.

Results and Discussion

1- Structure properties:

X-ray diffraction spectrum (XRD) 20 pattern ranged from 20° to 80° is
obtained with the scattering vector perpendicular to the plane of the samples
are asshown in Figurel.The Miller indexed XRD peaks correspond to an
orthorhombic structure for Lag4,Cag3;3MnO; [14] and to rhombohedral
structure for Lags;S1933MnO;. No clear evidence of reflection peaks is
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observed in the XRD spectrum. Lattice parameters and unit cell volume for
two systems were calculated and listed in table 1. The unit cell volume for
LCMO sample is bigger than that of LSMO.
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Figure 1: XRD spectrum for LCMO and LSMO sample.

Table 1: Lattice parameters and unit cell volume for LCMO and
LSMO sample

System Lattice parameters (A) | Volume (A’
a=>5474

La0.67Cao_33MnO3 b=7.702 229.69
c=15.448

Lao g7510.33MnO; a=b=c=5.471 116.66
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2- Electrical properties:

Figure 2 shows the temperature dependence of the resistance under zero
magnetic field. The measurement was done by using the standard four-
probe method with a constant current ImA.

The insulator-metal transition occurs at (246K) with metallic behavior at
lower temperature side for LCMO sample as shown in figure (2a)
[14].Whereas the samples of LSMO is metallic throughout the measured
temperature region and it's a round 360K (Tc is not indicated because the

measuring system is incapable to measure up to 300 K) as shown in figure
(2b).
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Figure 2a: Temperature dependence of resistance for LCMO sample.
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Figure 2b: Temperature dependence of resistance for LSMOsample.

3- Magnetic properties:

The temperature dependence of the ac magnetic susceptibility, y’ at the
magnetic field of 10 Oe of the samples are as shown in Figure 3. Both
samples display classical phase transition from paramagnetic to
ferromagnetic state at Cuire temperature, Tc. The LCMO sample display
lower Tc at around 245K as shown infigure (3c) [14]. Whereas, The sample
of LSMO exhibits the high Tc at 365 K, but here Tc is not indicated
because the measuring system is incapable to measure up to 300 K only as
shown in figure (3d). As the magnetic field increases from 0.1 Oe to 10 Oe
the LSMO sample shows increase of Ac susceptibility value. However, as
the temperature increases the Ac susceptibility increases.
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Figure 3c: Temperature dependence of ac-Suscentibility forLCMO sample.
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Figure 3d: Temperature dependence of ac-Susceptibility for LSMO sample.
~ 9 ~



Journal of Humanitarian, Scientific and Social Sciences
2™ Issue December 2016

2.

Conclusion

The electrical and magnetic properties of LCMO and LSMO samples
were investigated. Both the metal insulator and ferromagnetic transition
temperatures were found. An insulator-metal (I-M) transition is observed
at 246K for the LCMO sample, while a broad MIT is observed for LSMO
sample and it shows a high phase transition temperature at around 360
K.Parent compound (LCMO) shows a paramagnetic (PM) to ferromagnetic
(FM) transition with Curie temperature (T = 245K) near to that peak in
electrical resistivity (=246 K), and the Curie temperature Tc for LSMO
sample is = 365 K. The perovskite structure manganites, specifically
LCMO and LSMO exhibits colossal magnetoresistance behavior which is
of interest to magnetic information storage applications and LSMO has
received much attention due to its largest single electron bandwidth and the
highest Curie temperature. These properties, together with the 100% spin
polarization, make LSMO an interesting material for application in
spintronic devices. Examples are magnetic tunnel junctions and
magnetoelectric devices .Furthermore, LSMO is also used to investigate
other materials, e.g. by spin-injection into cuprite superconductors to probe
spin polarization. While, the CMR effect for LCMO is of great
technological interest. Potential applications are for instance magnetic
sensors, magnetoresistive read heads, random access memory and data
storage.
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List of Abbreviations and Symbols
(Clalbadlly jga )

Symbol/Term
Sr

Ca

Mn

La

O

C

MR

Cuka

CMR

Oe

MIT

HM

K

Tp
temperature
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Designation/Explanation
Strontium
Calcium
Magnesium
Latium
Oxygen
Carbon
Magnetoresistance
The wavelength of the
Kal line of copper
Colossal magnetoresistance
Oersted
Metal to insulator transition
Half Metal
Kelvin

Phase transition



Tc

AC
XRD

a.u
DC

A" TmTE s R
2 ZN Q

»» D
g
(@)

Journal of Humanitarian, Scientific and Social Sciences

2" Issue December 2016
|/

~13 ~

Curie temperature
Resistance
Alternating Current
X-ray diffractometer
Resistivity
Arbitrary unit
Direct current
Susceptibility
Degree Celsius
Hour
Angstrom
Frequency unit
Ferromagnetic
Paramagnetic
Curie constant for material
Wavelength
Angle of diffraction
Lattice parameters



