
Electrical and magnetic properties of  perovskite at low

temperature

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1998 J. Phys.: Condens. Matter 10 9799

(http://iopscience.iop.org/0953-8984/10/43/024)

Download details:

IP Address: 171.66.16.210

The article was downloaded on 14/05/2010 at 17:42

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/10/43
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys.: Condens. Matter10 (1998) 9799–9811. Printed in the UK PII: S0953-8984(98)91974-9

Electrical and magnetic properties of La0.7−xYxSr0.3MnO 3

(06 x 6 0.20) perovskite at low temperature

A Barman, M Ghosh, S Biswas, S K De and SChatterjee
Department of Materials Science, Indian Association for the Cultivation of Science, Jadavpur,
Calcuttta 700 032, India

Received 23 February 1998, in final form 30 July 1998

Abstract. Electrical and magnetic properties of La0.7−xYxSr0.3MnO3 (0 6 x 6 0.2) have
been extensively investigated at low temperature down to 1.8 K. The irreversibility of magnetic
susceptibility between zero field cooling and field cooling increases with increasing Y content.
The metal–insulator transition temperature (TM ) shifts towards lower temperature and the peak
resistivity and magnetoresistance increase with the increase ofx. Electrical conduction above
TM is dominated by the variable range hopping mechanism. The increase in resistivity at low
temperature has been interpreted in terms of electron–electron interaction. The enhancement of
magnetoresistance with the increase of Y content is due to the reduction in Mn–O–Mn bond
angle and the mobility of charge carriers.

1. Introduction

The perovskites of the form (La, A)MnO3 (A is a divalent ion such as Ca, Sr, Ba)
have become a fascinating system for recent researchers due to their novel electrical and
magnetic properties and also their potential application in the field of magnetic recording
devices and magnetic field sensors [1–7]. Among these materials, the La–Ca–Mn–O and
La–Sr–Mn–O systems have been explored mostly due to its giant magnetoresistive (GMR)
property and occurrence of metal–insulator (M–I) transition at a temperature very near
to the ferromagnetic transition (FM) temperature. The simultaneous appearance of the
ferromagnetism and metallic state can be explained by the double exchange (DE) interaction
[8, 9]. The strong on site exchange interaction between the doped carriers and the local
spins, both of which are mainly composed of the Mn 3d orbital split by the ligand field, is
responsible for these phenomena. The experimental studies such as a giant oxygen-isotope
shift of the ferromagnetic transition temperatureTC [10], phonon frequency hardening near
TC [11] and anomalous volume thermal expansion [12] indicate that there exists a strong
coupling between charge and lattice in addition to the coupling between spin and charge.
Millis et al [13] pointed out from the theoretical calculations that only DE phenomena cannot
explain satisfactorily the GMR properties in the lightly doped La1−xSrxMnO3 system. They
suggested that the lattice distortion arising from the strong Jahn–Teller effect plays an
important role in La1−xSrxMnO3 compounds.

The magnetic and transport properties of the manganite perovskites are strongly
dependent on the internal (chemical) pressure [14–21] and external pressure [22–24]. It
has been seen recently that internal pressure produced by the partial replacement of La with
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the other trivalent rare earth or related atoms with smaller ionic radii causes a decrease of
Curie temperatureTC , and a large enhancement of magnetoresistance (MR). The substitution
of Y for La in La0.7−xYxCa0.3MnO3 yields the largest enhancement in MR in comparison
with other rare earth substitution [17, 20]. The external pressure however produces opposite
effects, i.e., an increase ofTC and a decrease in MR as observed for La1−xSrxMnO3 systems.
These effects have been discussed by many of the authors by variation of electronic band
width, W , as a function of applied and chemical pressure, considering the influence ofW

on the Mn–O–Mn bond angle [14, 16].

Figure 1. Intensity (in arbitrary units) is plotted against 2θ (in degrees) for the samples in the
series La0.7−xYxSr0.3MnO3 (06 x 6 0.2).

The electrical and magnetic properties of La1−xSrxMnO3 (0 6 x 6 0.6) single
crystals have been investigated by Urushibaraet al [6]. They observed thatTC increases
monotonically from 145 to 371 K as the amount of Sr doping increases. The phase diagram
of La1−xSrxMnO3 is different from that of La1−xCaxMnO3 due to the differences in radii of
Sr and Ca ions. The Curie temperature of La0.7Sr0.3MnO3 is 220 K, below room temperature,
while that of La0.7Sr0.3MnO3 is 369 K above room temperature. Thus the studies on the
replacement of La by introducing the smaller ions like Y in Sr doped materials will be more
interesting than Ca doped systems due to the fact that in the former case there is a possibility
to obtainTC and large MR near room temperature which has a great importance from the
technological point of view. Moreover, to ascertain the possible origin of the unusual
observations in the case of the partial replacement of La by a smaller rare earth at constant
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doping concentration, more systematic studies are required. These stimulate us to study
the electrical resistivity, magnetoresistance, dc magnetic susceptibility and magnetization of
La0.7−xYxSr0.3MnO3 (06 x 6 0.2) within a temperature range of 1.8–300 K and magnetic
field range of 0–7 T.

2. Experiment

The samples in the series with nominal composition La0.7−xYxSr0.3MnO3 (0 6 x 6 0.2)
were prepared by conventional solid state reaction. Appropriate amounts of La2O3,
Y2O3, SrCO3 and MnCO3 (all from Aldrich Chemical Ltd and 99.9% purity) were taken,
maintaining the required stoichiometric ratio, and mixed very well with distilled ethanol to
obtain a homogeneous mixture. The mixtures were then dried and calcined at 900◦C for
24 h. The calcined mixtures were then reground, pressed into pellets with pressure of about
4 tons cm−2 and sintered in open air at 1200◦C for 48 h. This process was repeated at
least three times for each sample to obtain better homogeneity and better crystallinity. The
samples were finally sintered at 1400◦C for 24 h. The XRD pattern of the samples with
Cu Kα radiation has revealed the single phase perovskite structure of the samples with no
significant trace of impurity as shown in figure 1. Circular disks of 12 mm diameter were
obtained which were then cut into rectangular pieces of approximate dimension of about
10 mm× 2 mm× 1 mm for resistivity measurement. Four leads were made on the samples
by ultrasonic soldering on which copper wires of about 100µm diameters were connected.
The linear current–voltage relationships at several fixed temperatures have confirmed the
ohmic contact for the electrical measurement. The resistivity and magnetoresistance were
measured by the standard four probe technique within a temperature region of 1.8 K to 300 K
and a magnetic field region of 0 to 7 T in a He4 cryostat (Oxford Instruments Ltd) equipped
with an 8 T superconducting magnet. Magnetization and dc magnetic susceptibility were
measured with the help of a SQUID magnetometer up to a field of 7 T.

3. Results and discussions

Figure 2(a) shows the temperature variation of dc magnetic susceptibility at 100 Oe, for
zero field cooling (ZFC) and field cooling (FC). The susceptibility data atH = 100 Oe
show the onset of irreversibility between the ZFC and FC curves for all the samples. The
ZFC and the FC curves have started separating at about 320, 270, 220, 180 and 160 K for
the samples withx = 0.0, 0.05, 0.10, 0.15 and 0.20 respectively. While the ZFC curves
started decreasing towards lower temperature after showing a maximum, the FC curves
continued to increase and finally tend to saturate down to the lowest temperature measured.
The ratios ofχFC/χZFC at 5 K forH = 100 Oe are nearly 1.15, 1.29, 1.40, 1.42 and 1.60
for the samples withx = 0.0, 0.05, 0.10, 0.15 and 0.20 respectively. Thus we see that this
irreversibility is increasing with increase in Y content, i.e., with decrease in average ionic
radius at the A site,〈rA〉. Such behaviour has already been observed in several manganate
systems and it has been suggested that this irreversibility arises possibly due to the canted
nature of the spins or due to the random freezing of spins [14, 25, 26]. However asH

increases this irreversibility starts to diminish very rapidly and it almost disappears above
H = 200 Oe. This implies that the anisotropy field is not very large. All the samples have
shown a transition from the ferromagnetic to the paramagnetic state.

The magnetization as a function of applied magnetic field at various temperatures for
x = 0.05 is shown in figure 2(b). The magnetic transition temperatureTC which is
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(a)

Figure 2. (a) DC magnetic susceptibility (χdc (emu g−1 Oe−1)) is plotted against temperature
(T (K)) for the samples in the series La0.7−xYxSr0.3MnO3 (0 6 x 6 0.2) for zero field
cooling (ZFC), warmed inH = 100 Oe and field cooling (FC) inH = 100 Oe, on warming.
(b) DC magnetization (M(emu g−1)) is plotted against magnetic field (H(T)) for the sample
La0.65Y0.05Sr0.3MnO3 at several fixed temperatures.

the conventional Curie temperature is 325, 275, 225, 180 and 165 K and the saturation
magnetization is 92.5, 91.7, 91, 89 and 87 emu g−1 for x = 0.0, 0.05, 0.10, 0.15 and 0.20
respectively. Hence both the Curie temperature and saturation magnetization decrease with
the increase of Y doping. This indicates that the magnetic exchange interaction decreases
with decrease of〈rA〉.

The zero field temperature dependence of resistivity of the samples normalized to
resistivity at room temperature (300 K) is shown in figure 3. A large resistivity peak
appears for almost all the samples at low temperature. However, the sample withx = 0
does not show any peak up toT = 300 K, although a trend towards a peak appears. The
previously reported data show a resistivity peak well above 300 K for this sample [5, 6].
The temperatureTM at which the resistivity maximum occurs decreases systematically with
the increasing Y doping. The peak corresponds to a metal–insulator transition which is
clear from the behaviour of the resistivity data above and belowTM .
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(b)

Figure 2. (Continued)

Firstly we focus our attention to the low temperature region. The resistivity for all the
samples decreases with increase in temperature and then shows a minimum after which it
increases with increase in temperature. The minimum occurs atT = 30 K for x = 0.0,
T = 32.5 K for x = 0.05, T = 35 K for x = 0.10, T = 38 K for x = 0.15 and
T = 42 K for x = 0.20. The minimum occurs in the metallic state and it has also
been observed by previous workers [6]. However, not much attention was given to this
region. The temperature dependence of resistivity for the disordered metallic materials
can be described by the electron–electron interaction [27]. Hence we have tried to fit the
temperature dependence of conductivity in this region with the formulaσ(T ) = σ(0)+AT 1/2

for the electron–electron interaction. A good fit is obtained for all the samples which is
clear from figure 4. The temperature up to which the expression is valid isT = 27 K for
x = 0.0, T = 29 K for x = 0.05, T = 30 K for x = 0.10, T = 34 K for x = 0.15 and
T = 36 K for x = 0.20. The disorder increases in the system upon random substitution of
Y ions in place of La ions. This plays an important role in bringing the electron–electron
interaction as a quantum correction in the resistivity behaviour at low temperature.

The resistivity belowTM , that is in the ferromagnetic regime, shows a metallic behaviour
where it increases with increase in temperature. We have fitted the temperature dependence
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Figure 3. Temperature (T (K)) variation of resistivity normalized to resistivity at 300 K
(ρ(T )/ρ(300 K)) is plotted for the samples in the series La0.7−xYxSr0.3MnO3 (06 x 6 0.2).

of resistivity behaviour in this region with the formulaρ(T ) = ρ(0) + AT 2. Figure 5(a)
shows a good fit for all the samples up to a temperature just belowTM . This result
suggests that the electron–electron scattering process associated with spin fluctuation plays
an important role in these materials [6, 28, 29]. The value of the coefficientA obtained from
the fitting has shown a very good correlation withρ(TM) which is clear from figure 5(b),
whereρ(TM) andA both are plotted as a function of〈rA〉, the average ionic radius at the
A site of the perovskite ABO3. A strong electron correlation is evident from this result
which remains active even up to the temperature range in the vicinity ofTM . The resistivity
has started to rise steeply and deviates from theT 2 behaviour while approachingTM . This
should be associated with some static or dynamic distortion and may be both of the corner
shared MnO6 octahedra in these perovskites [8, 9, 30].

The resistivity aboveTM is of semiconducting nature, that is, it decreases with increase
in temperature. From figure 3 it is clear that atT > TM , the functional dependence of
ρ(T , 0) is identical for all the samples. We have tried to fit the resistivity data aboveTM
with the formulaρ = ρ0 exp[T0/T ]1/4 for the variable range hopping between localized
states [31]. A good fit is obtained for all the samples withT0 increasing systematically
with Y doping as depicted in figure 6. Figures 7(a) and 7(b) show the systematic changes
of T0, TM and−MR% in terms of 〈rA〉 and reveal thatTM decreases and bothT0 and
MR increase with decrease in〈rA〉. The large enhancement of1ρ(T )/ρ (defined as
[ρ(TM)− ρ(300 K)/ρ(300 K)], which is clear from figure 3, appear to originate from the
occurrence ofTM at a lower temperature and simultaneous enhancement of theT0 value. The
parameterT0 is related to the spatial extension (Lloc) of the localized states and to the density
of statesN(EF ) at the Fermi level of the Mott relation [31],T0 = 16/KBN(EF )L3

loc where
KB is the Boltzmann constant. The increase inN(EF ) due to the decrease of bandwidth
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Figure 4. Conductivity (σ(S cm−1)) is plotted againstT 1/2(K1/2) for the samples, in the series
La0.7−xYxSr0.3MnO3 (06 x 6 0.2).

while 〈rA〉 decreases indicates that the reduction ofLloc is the main factor determining the
enhancement ofT0. Therefore it may be stated that decrease of the bandwidth associated
with an increase of the lattice distortion decreases the localization length and consequently
the carrier mobility is reduced.

Figure 8 shows the−MR% [((ρ(H)−ρ(0))/ρ(0))×100] as a function of temperature
in the temperature range of 2 to 300 K at a fixed magnetic field of 7 T for all the samples.
The maximum value of−MR% is found to be nearly 61% for the sample withx = 0.2,
whereas for the sample withx = 0.0 it is nearly 38% [5]. The sample withx = 0.0 does
not show any peak in the−MR% up to 300 K, but the four samples show prominent peaks
in the−MR% in this temperature range. The sample withx = 0.05 shows the peak near
275 K, that withx = 0.10 shows the peak at about 225 K, the samples withx = 0.15 shows
a peak at about 180 K and the sample withx = 0.20 shows a peak at about 165 K. The
temperature corresponding to the peak values of magnetoresistance agrees very well with
theTM andTC values and also decreases rapidly towards a lower temperature with increase
in Y doping, that is with decrease in〈rA〉. On the other hand the maximum value of the
magnetoresistance increases with decrease in〈rA〉. Figure 7(b) shows the variation ofTM
and the maximum value of−MR% as a function of〈rA〉. A very good correlation is found
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(a)

(b)

Figure 5. (a) Resistivity (ρ(� cm)) is plotted againstT 2(K2) for the samples in the series
La0.7−xYxSr0.3MnO3 (0 6 x 6 0.2) in the metallic region. (b) Peak value of resistivity (ρTM )
corresponding to the metal–insulator transition temperature (TM ) and the coefficientA obtained
from the fitting with the formulaρ(T ) = ρ(0)+AT 2 is plotted against〈rA〉, the average ionic
radius at the A site for the samples in the series La0.7−xYxSr0.3MnO3 (06 x 6 0.2).



Electrical and magnetic properties of La0.7−xYxSr0.3MnO3 9807

Figure 6. Logarithm of resistivity (lnρ(� cm)) is plotted againstT −1/4(K−1/4) for the samples
in the series La0.7−xYxSr0.3MnO3 (0.056 x 6 0.2).

between the two which suggests that there is a close association between the reduction of
TM , enhancement of1ρ(T )/ρ and at the same time enhancement of−MR% with decrease
in 〈rA〉.

The magnetic and transport properties of La0.7−xYxSr0.3MnO3 can be interpreted in
terms of the ionic radii of La and Y ions. In general, the structural stability of a perovskite
compound ABO3 (LaMnO3) is described by the tolerance factort = (rA+rO)/(rB+rO)√2,
where rA, rB and rO are the ionic radii of A, B and oxygen respectively. For the ideal
cubic perovskite structure,t = 1 and the regular BO6 octahedra share the corners of the
cubic unit cell to form a three dimensional array with the A ions. For the smaller values
of 〈rA〉, the structure becomes distorted as the BO6 octahedra tilt and rotate in order to fill
the extra space around A, to optimize the A–O bond length. The buckling of the MnO6

octahedron causes the Mn–O–Mn bond angleθ to be less than its ideal value of 180◦. The
Mn–O–Mn bond angle determines the overlap of Mn(eg) and O (2p) orbitals and hence
plays an important role in the electronic and magnetic properties. The replacement of La
by the smaller ion Y yields a decrease inθ and consequently weakens the double exchange
interaction between Mn3+ and Mn4+ ions and also reduces the charge carrier band width.
These effects will produce a decrease inTM and increase in peak resistivity with the increase
of amount of Y.

Figures 9(a) and (b) shows the magnetoresistance as a function of magnetic field at
two fixed temperaturesT = 4.2 K and T = 10 K respectively. The inset of figure 9(b)
shows the magnetization against magnetic field atT = 10 K for some of the samples. The
magnetoresistance at a fixed temperature increases systematically with increase in Y doping
as a function of magnetic field. This was also found from the magnetoresistance–temperature
curves at fixed magnetic field as shown in figure 8. From figure 9(b) it is clear that
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Figure 7. (a) The value ofT0 obtained from the fitting with the formulaρ = ρ0 exp[T0/T ]1/4

and the temperatureTM corresponding to the metal–insulator transition are plotted against
〈rA〉, the average ionic radius at the A site for the samples in the series La0.7−xYxSr0.3MnO3

(0 6 x 6 0.2). (b) The peak value of negative magnetoresistance percentage (−MR%) at an
applied magnetic field of 7 T and the temperature corresponding to the metal–insulator transition
(TM ) are plotted against〈rA〉, the average ionic radius at the A site for the samples in the series
La0.7−xYxSr0.3MnO3 (06 x 6 0.2).

there is a strong correlation between the magnetization and magnetoresistance. Below the
magnetic saturation field (Hs), the magnetoresistance drops rapidly with the increase of the
field. However, above the saturation field magnetoresistance drops rather slowly but still a
significant amount of change was observed. From the magnetoresistance–temperature plot as
shown in figure 8, we see that there are two distinct regions. One region is prominent at the
high temperature range, near the ferromagnetic transition temperature; the other is prominent
at low temperature where a substantial amount of magnetization exists. We focus our
attention on the low temperature magnetoresistance. The magnetoresistance changes very
rapidly at the early small change in the magnetic field where the magnetization has not yet
saturated and also changes very steeply. Above the saturation field, the magnetoresistance
changes rather slowly with the magnetic field and the magnetization reflects the same
behaviour. This result can be interpreted by the double exchange interaction between pairs
of Mn3+ and Mn4+ ions. In this mechanism a parallel alignment of manganese spins
is required for the electrons to be transferred between the ions to give higher electrical
conductivity. The manganese ions are ferromagnetically ordered inside a single domain
even at a temperature well belowTC and the transfer of electrons between pairs of Mn3+

and Mn4+ ions inside a single domain is easy. But for the unmagnetized sample there are
a number of domains which have different magnetization directions. The pairs of spins of
Mn3+ and Mn4+ ions near the domain wall boundary may not be parallel and as a result
electron transfer between the Mn3+ and Mn4+ ions across the domain wall boundary is
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Figure 8. Negative magnetoresistance percentage (−MR%) at an applied magnetic field of
7 T is plotted against temperature (T (K)) for the samples in the series La0.7−xYxSr0.3MnO3

(06 x 6 0.2).

difficult resulting in a high resistivity. Application of a strong enough magnetic field will
tend to align the magnetic domains along its own direction. As a result the electron transfer
across the domain wall boundary become easier and resistivity decreases giving a large
change in the magnetoresistance in this range of magnetic field. Above the saturation field
there are still small cantings of the manganese moments inside each single domain and as a
result magnetization increases slowly with magnetic field even atH � Hs . ForH > Hs the
canting angle between the manganese moments inside each single domain becomes smaller
and therefore electrons will transfer more easily between pairs of Mn3+ and Mn4+ ions
giving a further decrease in the resistivity and change in the magnetoresistance. This may
be the possible explanation for the magnetoresistance behaviour well belowTC [32].

4. Conclusions

We have studied the effect of Y substitution for La on the temperature dependence of
resistivity, magnetoresistivity and magnetic properties for a fixed doping concentration in the
La0.7Sr0.3MnO3 compound. The small anisotropic field and the reduced magnetization with
the increase of Y content indicate that the irreversibility in magnetic susceptibility may be
due to the canted arrangement of spins. The replacement of La by Y in La0.7Sr0.3MnO3 leads
to a decrease in Curie temperature and an increase of peak resistivity and magnetoresistance.
Such behaviours are qualitatively explained in terms of the decrease in Mn–O–Mn bond
angle and one electron bandwidth. The novel observation at low temperature of the upturn
in resistivity with lowering temperature has been analysed in terms of quantum effects such
as electron–electron interaction.
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(a)

(b)

Figure 9. (a) Magnetoresistance (ρ(H, T )−ρ(0, T ))/ρ(0, T )) is plotted against magnetic field
(H(T)) at T = 4.2 K for the samples in the series La0.7−xYxSr0.3MnO3 (0 6 x 6 0.2).
(b) Magnetoresistance ((ρ(H, T ) − ρ(0, T ))/ρ(0, T )) is plotted against magnetic field (H(T))
at T = 10 K for the samples in the series La0.7−xYxSr0.3MnO3 (0 6 x 6 0.2). The inset
shows the magnetization (M(emu g−1)) against magnetic field (H(T)) plot atT = 10 K for the
samples withx = 0.05, 0.10, 0.15.
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