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Abstract: This work, copper-substituted perovskite oxides Lao.s7Sro3sMnixCuxOs (X = 0.10, 0.20 and 0.30) have been synthesised using
the sol-gel method. For examining the effect of Cu substitution (on the Mn site) on the magnetic behaviour, DC magnetization
measurements have been made in the temperature range 20 K — 300 K and under external magnetic fields up to 2.5 kOe. Resistance-
temperature measurements were made using the four-probe method in the 300 K — 20 K temperature range. The three samples are
disordered ferromagnetic, with increasing Cu substitution, coercivity and magnetic remanence decrease. The magnetic moment does not
saturate to the measuring field of 2.5 kOe, suggesting high anisotropy attributed to the nanoparticle state. The three samples do not show
metallic nature; thus, no metal-insulator (M-I) transition is seen. This is due to barriers to electrical transport in the nanoparticle samples
obstructing the spin-dependent electron tunnelling across the interface. On cooling the samples from the room temperature, below a
certain temperature To, a sudden rise in resistance shows up. To decreases with increasing Cu, from ~102 K in the 10 % Cu substituted

sample to ~60K in the 30 % Cu substituted sample.
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1. Introduction

The class of perovskite derives its name from the basic system
CaTiOs. It is denoted by a general formula unit ABO3, where
A is a monovalent, divalent or trivalent cation represented by
an alkali or rare earth element, and B is correspondingly a
penta, tetra or trivalent cation of the transition metal series.
The basic perovskite oxide structure, of which lanthanum
manganite (LaMnQOsg) is a typical example, is cubic and an
antiferromagnet. LaMnQOs is also an electrical insulator. The
system has a canted anti-ferromagnetic structure and shows
weak ferromagnetism [1, 15]. The perovskites containing
trivalent cations, e.g, LaMnQOs, are interesting due to the
presence of mixed ionic-electronic conductivity and due to
the significant magnetoresistance effect, known as colossal
magnetoresistance (CMR), associated with a PM-FM
transition [13]. The rare earth manganite perovskite with the
general formula La1.xAxMnOs (A = Ba, Sr, Pb and Ca) are of
high scientific and technological interest due to the
remarkable phenomena occurring in these systems, such as
Jahn-Teller distortion, double exchange, charge ordering,
spin, orbit and magnetic ordering. Versatile field of
applications include magnetic field sensor [4, 5], fuel cell [6,
9], spintronics materials, magneto caloric refrigeration [7],
magnetically guided drug delivery and hyperthermia.

Magnetisation and electric transport behaviour of calcium-
substituted system La;xCaxCryMni.yOz has also been
extensively studied [2, 3, 14, 17]. In the present study, we
have undertaken to examine the effect of substitution of Cu
for Mn in the system Lag 7Sr033MnQOzin nanoparticle state. It
is to be recalled that the substitution of 1/3" of La by divalent
Ca, Ba or Sris known to introduce a long-range FM order into
the system. The Sr-substituted perovskite has a higher Tc (and

hence stronger FM order) than the Ca-substituted one.
Reported T. of Lag7SrosMnOsis 338 K [12] as against 260
K for Lag7CapsMnO; [10, 16]. For Ba substituted perovskite
Lao7BaosMnQgs, T is almost the same as the Sr substituted
one [8]. We took up to study nanoparticle samples in the
series Laoe7Sro.ssMnixCuxOs for examining the effect of
substitution of Cu in the strongest FM ordered sample, and in
nanoparticle regime, and compare results with those reported
for substitutions of other 3d elements, viz., Cr, Co and Ti.

Samples have been prepared for three different substitutions
of Cu, using the sol-gel method. Nanoparticle samples have
been studied for their magnetic behaviour and magneto-
resistance using Vibrating Sample Magnetometry and
measuring resistance variation with temperature.

2. Experimental Details
2.1 Sample preparation

Nano-crystalline perovskite oxide samples in the series
Lao67Sro.3sMn1xCuxOz (x = 0.10, 0.20 and 0.30 ) were
prepared by the sol-gel method using La(NOs).6H-0,
Mn(NO3z).4H,0, Sr(NO3) and Cu(NO3).3H,0 (all 0f 99% ) as
starting materials. The nitrates were dissolved in deionized
water in separate beakers. After that, the solutions were
mixed, with constant stirring, with citric acid CgHsO~
(chelating ligand) and ethylene glycol in the ratio of
1:1:2:2.25 (lathanum nitrate: manganese and copper nitrates
in proportion: citric acid: ethylene glycol). Ammonia solution
was added to the solution until the pH reached 9. The
temperature of the solution was increased slowly up to 100
°C, enabling water to evaporate. After evaporation of water,
the material appeared black and fluffy. The synthesized
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powder was calcined at 400 °C for four hours in a furnace.
The calcinated samples were converted into pellets and
annealed at 750 °C for 6 hours to get the desired
nanoparticles.

2.2 Magnetization and Electric transport measurements

For studying the magnetic behaviour of the samples,
magnetization measurements, such as temperature and field-
dependent magnetization, have been performed on a
Lakeshore Company, USA, make Vibrating Sample
Magnetometer (VSM) model 7400 series at the Department
of Physics, University of Rajasthan, Jaipur. These
measurements have been done in the 20 K< T < 300 K
temperature range and under fields up to 1 T. A closed-cycle
helium refrigerator cryostat (JANIS Serial No. 17457, Janis
Research Company, CCR) and electromagnet (model 643

electromagnet power supply, make company Lake Shore)
have been used. The three samples' resistance measurements
have been made as a function of temperature and resistance
in the range 20 K< T < 300 K at NPL, New Delhi. The four-
probe method was used for the measurements. For this
purpose, pellets were sintered at ~100 °C. Contacts were
made using silver paint, and the pellets were fixed to the
sample holder using double-sided tape.

3. Results and Discussion

3.1 Magnetic behaviour

Figures 1-3 show magnetic moment versus external magnetic
field (M-H) curves for the copper-substituted nano-

crystalline perovskite oxide samples Lag7Sr0.33Mn1.xCuxOs
(for x =0.10, 0.20 and 0.30 ) recorded at 300 K and 20 K.
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Figure 1: M-H curves recorded for Lao7Sro.33Mng.g0Cuo 1003 at (a) 300 K and (b) 20 K.
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Figure 2: M-H curves recorded Lag s7Sro.33MnogoCuo2003 at (a) 300 K and (b) 20 K.
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Figure 3: M-H curves recorded for Lag.s7Sro.33Mno.70CU0.3003 at (a) 300 K and (b) 20 K.

The M—H curves clearly show that all three samples are ferromagnetic at 20K and also at 300 K. The values of Hc (coercivity),
M:; (retentivity) and M; (saturation moment — the value under 2.5 kOe) are noted in Table 1.

Table 1: Coercivity (Hc), retentivity (M;) and saturation moment (Ms — actually the value under 2.5 kOe) at 300K and 20 K
for the samples Lag.67Sr0.33Mng.70Cu0.3003 for x = 0.10, 0.20 and 0.30

samples T = 300K T=20K
Hc (OCe) | Mr(emu/g) | Ms(emu/g) | Hc(Oe) | Mr(emu/g) Ms (emu/g)
La0.67Sr0.33Mno.90CU0.1003 ~ 88 ~0.055 0.025 ~ 292 ~6.0 16.80
La0.67Sr0.33Mno.80CU0.2003 ~24 ~0.050 0.950 ~ 166 ~3.0 15.10
La0.67Sr0.33Mno.90CU0.3003 ~22 ~0.040 0.930 ~ 152 ~4.0 16.38

Figures 1-3 show magnetization measurements, moment
(emu/g) v/s temperature (M - T), for perovskite
OXidESL&o,mSI’o,gsMnl.xCUx03 (X = 0.10, 0.20 and 0.30),
recorded in zero field cooling (ZFC) and field cooling (FC)
modes under external magnetic fields of (a) 100 Oe, (b) 500

Oe, and (c) 1000 Oe. These M-T curves confirm the FM
nature of all three samples suggested by the M—H hysteresis
measurements. Table 1 shows that as Cu concentration
increases at the Mn site, Hc (coercivity) and M, (retentivity)
decrease at 300 K and 20 K. Also, M-T curves show that the
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transition to the paramagnetic state is sluggish and spreads
over a wide temperature range. The two observations suggest
Cu is causing a weakening of the FM interaction and a
localized disordered FM nature. However, the transition to the
paramagnetic state is not complete till 300 K. This is a
significant and surprising result. The actual paramagnetic
state is not attained up to 300 K, even in a sample with 30
atomic% Cu substituted for Mn.

It is to be noted that substitution of Cr, Co or Ti is reported to
cause a reduction in T¢. With the substitution of Co, the drop
in T¢ is about 40K per 0.05 Co [12], and with Ti substitution,
it is as high as ~80K for 0.05 Ti [8]. However, it is worth
noting that FM—PM transitions in these other 3d elements’
substituted systems are sharp compared to the broadened ones
in the Cu-substituted samples under study.

Another observation point is that for none of the three
samples, at 300K and 20K, the magnetic moment shows
saturation up to the measuring field of 2.5 kOe (external
field). This observation conforms to localized disordered FM
nature as discussed above. It is also to be noted that our
samples are nano-crystalline.

Magnetic systems in nanoparticle states show high magnetic
anisotropy, requiring high magnetic fields for saturation. This
would also contribute to observing the non-saturating nature
of the M—-H curves. Nisha et al. (2013) in their study of Co-
substituted Lage7Cao33MnOs attributed their observation of

(@) Cu=0.10
160.0M 4

-

120.0M ~

©
o
=]
=

Resistance (Q2)

40.0M ~

0.0

T T
200 250

T(K)

T T
50 100 150 30!

0

Resistance (Q)

non-saturating M—H curves to the cluster glass nature of their
samples [11].

3.2 Electrical transport behaviour

In Fig. 4, electrical resistance is plotted as a function of
temperature for the three samples after they were cooled
down from 300 K to ~ 5 K in zero field cooling mode. None
of the samples show a metallic state, hence the metal-insulator
(M-I) transition. On cooling the samples from room
temperature, resistance increases monotonously down to a
certain temperature To for the three samples, and below this
temperature, a sudden rise in resistance is observed.

With the increasing amount of Cu, the temperature To
decreases from ~102K in the 10% Cu-substituted sample to
~60K in the 30% Cu-substituted sample (c.f. Table 2). The
complete absence of M-I transition is primarily due to the
nanometric size of the particles, which incorporate a large
number of grain boundaries, a reduced domain size, and a
significant intergrain distance, which induce barriers to
electrical transport obstructing the spin-dependent tunnelling
of the electron across the interface.

It is to be noted that even for bulk particle samples, the
substitution of Cr, Co and Ti causes suppression of metallic
nature [8,10,11]. However, in the present study, the electrical
transport behaviour largely owes to the nanoparticle nature of
the samples.
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Figure 4: Electrical resistance as a function of temperature for the three perovskite samples Lag s7Sr0.33Mn1xCuxOs with X =
(@) 0.10, (b) 0.20, and (c) 0.30 recorded following zero field cooling.
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Table 2: Observed Ty for different levels of Cu substitution

in the perovskite samples Lag.67Sr0.33Mn1.xCuxO3

S. No. X To (K)
1. 0.10 102
2. 0.20 90
3. 0.30 60

4. Conclusion

The three perovskite samples Lag7Sro.23Mn1.xCuxOs (with X
= 0.10, 0.20 and 0.30) were prepared following the sol-gel
route. M—H and M-T curves show all three samples to be
ferromagnetic even at 300 K. The transition towards the
paramagnetic state is sluggish and spread over a wide
temperature range. With increasing amounts of Cu, coercivity
and magnetic remanence decrease at room temperature and
20 K. On cooling the samples from room temperature,
resistance increases monotonously to a specific temperature,
To, followed by a sudden rise in resistance. To decreases with
increasing Cu, from ~102 K in the 10% Cu-substituted sample
to ~ 60 K in the 30% Cu-substituted sample. The absence of
a metallic nature is due to barriers to electrical transport in the
nanoparticle samples obstructing the spin-dependent electron
tunnelling across the interface.
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