Available online at www.derpharmachemica.com

. I-_Q\Qa(ma C/)ﬂ
Scholars Research Library ir;)
==

Scholars Research

BN
L

Der Pharma Chemica, 2010, 2(2): 94-100
(http://derpharmachemica.com/archive.html)

ISSN 0975-413X

Magnetic and magneto transport properties of Pg-Sro.sMnO 3
synthesized by an improved chemical coprecipitatiomethod

Umesh Chand and G. D. Varma

Department of Physics, Indian Institute of Techggl®oorkee, Uttarakhand, India

Abstract

In the present work, BESKH.sMnO; particles were prepared by improved chemical
coprecipitation method. Structural properties of@epared sample were investigated using x-
ray diffraction and field emission scanning eleatnmicroscopy. The analysis of the structure
and surface morphologies shows that the sampla sngle-phase with the space groupRof
113C and grain sizes are distributed between 1.5.@ué. The composition of Sr.3MnO;
sample was confirmed by energy-dispersive spedpysd-TIR spectrum also demonstrate that
PSMO particle have formed at dD. The magnetization measurements were done using
SQUID magnetometer, which shows a reduction in re@zgtion with temperature. The
paramagnetic-ferromagnetic (PM-FM) transition termgtere (Tc) was appeared at 203K.
Resistivity as a function of temperature was messby a standard four-probe method by using
Keithley instruments without or with magnetic fel@-1T).It has been found that the low-field
MR is enhanced owing to tunneling between the largesmall Pg.7S15.sMnO; grains.
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INTRODUCTION

Colossal magnetoresistive (CMR) materials, whicheha general formula oleAXMnO3where

R is a rare earth ion like La, Pr etc and A is lalae earth ion like Sr, Ca etc., show a huge
change in resistance on application of a magnigid {~ 99% in a field of about 6-7 T) [1-5].
The x = 0.3 composition of R¥Sr.sMnO3 perovskites was chosen for study, because itheas t
largest MR near room temperature and has the nrastigal applications [6-8]. It is already
widely recognized that the double-exchange (DErattion between pairs of Mn3+ and Mn4+
ions through an oxygen atom is responsible foféen@magnetic and metallic properties in these
manganese oxides, because the electrical and nagrmberties strongly depend on the particle
size. Several routes have been used to prepare L.8M@Dding the sol—gel process [9], solid-
state method [10], molten salt route [11], and iglgeassisted combustion synthesis [12].
However, most of these methods cannot be econdsnimaplied on a large scale because they
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require expensive and often toxic reagents, higletren temperatures, and long reaction times.
This not only results in waste of energy but alsesiharm to our environment. As it is well
known, the chemical coprecipitation method is usused to synthesize magnetic oxides due to
its simplicity and good-control of grain size. mg paper, single-phaseoR81.sMnO3 particles
are successfully prepared at high temperature lgnmef a improved chemical coprecipitation
method [12]. In the processing, ammonium oxalatenohgdrate was used as a precipitator
instead of alkali in order to control the nucleatand growth of PSMO patrticles.

RESULTS AND DISCUSSION

The XRD pattern of BrSr.sMnO; synthesized by the co-precipitation method is sham
Fig.1. The XRD results indicate that the samplerespond to pure PSMO orthorhombic
perovskites phase with no detectable secondaryephés have calculated the lattice parameters
from XRD data and found that the unit cell paramete=5.4744, b=5.476A, c=7.740A & cell
volume V=232.01A% The FESEM images of the sample are shown in FiGESEM images
reveal that the grain boundaries are not cleartlae@d is poor homogeneity and much porosity in
the sample. The average grain sizes calculated #&8EM micrographs is ~1.pm. The
smaller grains have the large number of grain batied so the grain boundary effect will
dominate in sample. The EDAX data indicates thatRh Sr, Mn, & O atoms in the sample are

as per composition.
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Fig. 1: The XRD pattern of PSMO sample

The chemistry for the formation of PSMO perovskitaterials by the chemical coprecipitation
method can be inferred from the FTIR spectrum. Bighows a clean FTIR spectrum with a
moderately sharps spectral peak at 608cBince the metal- oxygen bonds are subsequently
organized into a MnO6 octahedral structure, asesddd by the appearance of a well-defined
spectral band at about 600¢nThis represents a crystalline powder containiiglg the PSMO
perovskite-structure materials [13]. The peak a&4béi™ is due to the deformation mode of
absorbed molecular water and the peak around 3448srdue to O—H stretching of the same

[14].
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Fig. 2: FESEM micrographs and EDAX spectra of PSMGsample
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Fig.3: FTIR spectrum of PSMO particles prepared at800°C

The magnetization versus temperature curve forsmple in field cooled (FC) & zero field
cooled (ZFC) mode measured at 500 Oe field, is shawFig 4. The curve shows the
paramagnetic to ferromagnetic (PM-FM) transition atparticular temperature {T The

transition temperatures determined from the pea%iﬂ- T curve is 203 K from the inset of

Fig.4. The value of magnetization (M) at 5 K foe ttample is 22.90 emu/g.
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Fig. 4. M-T curve under ZFC & FC conditions of PSMO sample

It is observed from M-T curves that at low temperes, M-c value of the sample is higher than
those of Mrc while the Myrc & M ¢ curves coincide above. TThis may be attributed to the fact
that at lower temperatures, the movement of maguetnains along the magnetic field direction
is restricted due to pinning of domain walls regglin an incomplete magnetization.
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Fig. 5: M-H curves at 300 K of PSMO sample
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We have observed cusp at low temperature (~ 50K)mage arisen due to the frustration caused
by the competition between FM (double-exchange) AR (super-exchange) interactions.
Such behavior might be the reentrant-type spinsgtehavior (RSG) occurring at temperatures
lower than T [15]. Furthermore, the magnetization of the sample isegming with magnetic
field and not getting saturated even up 70 kOe awrslin Fig.5. Therefore, one may conclude

that PSMO sample have paramagnetic nature at regipdrature.

The temperature dependence of resistivity for #rage without and with an applied field (H =
0.5T & 1T) in temperature range (80-325K) is shawrrig 6. It is observed that the resistivity
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has a reduction under the applied field. The \ahferesistivity measured at room temperature
(300 K) are 28.9@-cm and the value of insulator to metal transitemperatures is 243 K.
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Fig. 6: Temperature dependence of resistivity at ze and an applied field H = 0.5T & 1T of
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Fig. 7: Temperature dependence magnetoresistance Bl in a field of 1T of PSMO sample

The MR increases as the temperature decreasesoas sh Fig.7, due to enhanced spin-
polarized tunneling by increasing the grain boupda&ntribution and more disordered surface at

low temperature [16,

First, Pr(NQ)s;.6H,O, Sr(NQ), and Mn(NQ)..2H,O, with Pr:Sr:Mn atomic ratio of 0.7:0.3:1.0
were dissolved in de-ionized water by gentle hgatithen the aqueous mixture was slowly
poured into (NH),C,04.H,O solution and stirred magnetically for several mé@s. The
gelatinous precipitate was filter and washed feesa times using de-ionized water until the pH
value of the solution became neutral. Finally, ge¢atinous precipitate was dried at 1%Din
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MATERIALS AND METHODS
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air. To prepare mono-disperse PSMO particles, tveder was dispersed by ultrasonic bath in
ethanol, centrifuged and washed with ethanol amhdneal at 800C. The dried powder pressed
into pellets and was heat treated in air at 1°2D€or 15h.

The structural characterization was examined bygus{-ray diffraction (Bruker AXS D-8
advance, CuK radiation) technique at room temperature and serfawrphology was
investigated by using a field emission scanningted@ microscope (FEI, Quanta 200 FQurier
transform infrared (FTIR) spectroscopy was undemakvith a Nicolet Magna-IR 550 FTIR
spectrometer. The elemental analysis was carri¢dusing energy dispersive X-ray analyzer
(EDAX’ TSL, AMETEK) coupled with FE-SEM. Resistiyitas a function of temperature was
measured by a standard four-probe method by usieighl€y instruments without or with
magnetic fields (0-1T). The magnetization measurdgmewere done by using SQUID
magnetometer.

CONCLUSION

In summary, we have successfully synthesized thgSRIsMnOs; polycrystalline sample by co-
precipitation method and investigated their strradfumagnetic & magneto-transport properties.
The sample have pure PSMO phase with orthorhombit cells. FTIR spectrum also
demonstrate that PSMO particle have formed aP800he values of resistivity measured at
room temperature (300 K) are 28.9Bcm and the value of insulator to metal transition
temperatures is 243 K. The MR ratio at differemyperatures was measured, and MR ratio 63%
was observed in 1T field at 80 K. One may concltite PSMO sample have paramagnetic
nature at room temperature. We have observed hibasample show a large magnetoresistance
(MR) not only near the ferromagnetic transition pamature but also at low temperature. The
low temperature MR, which decreases with increasengperature, is due to the grain boundary
effect.
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