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Study of intergrain spin-polarized tunneling and extrinsic magnetotransport mechanism in
manganite/(oxide, metal) heterogeneous granular composites
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1. Abstract
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We present an investigation on the magnetic
and transport properties of perovskite oxides,
Lag7xLNxPbpsMnO; (Ln=Pr, Nd, Dy, and Y) in
this study. The replacement of La by Pr, Nd, Dy,
or Y resultsin avariation of magnetization process
and magnetoresistance. The fact is in agreement
with the smaller ionic radii of Pr, Nd, Dy, and Y
ions in contrast to La ion and the difference of

electronic configuration and effective moment.
The saturation magnetization Mg increases as Pr or
Nd content increases while Mg decreases as Y
content increases. Moreover, the saturation
magnetization Mg increases and then decreases as
Dy content increases. These results can be
explained in terms of the competition between the
increase of ferromagnetically interacting spins due
to the introduction of magnetic Pr, Nd, or Dy ions
with f-shell electrons and suppression of
ferromagnetism due to structure tuning induced by
the small ionic radius of the interpolated cation
into the Laste. The enhancement of
magnetoresisance ratio as well as the increase of
resistivity is observed for al systems. Result of
double peaks temperature dependence resistivity
for Dy and Y content systemsis different from the
result of the rest systems. The variation of
electrica property is unduced by the gran
boundary effect.

Keywords : perovskite, magnetoresisance,
resistivity, grain boundary.

2. Introduction



Manganese oxides, A14xA’xMnO; (A = La, Pr,
Nd, Y etc., and A' = Ca, Sr, Ba, Pb etc.), with
perovskite structure have attracted considerable
investigation because of colossal
magnetoresistance  effects and  industria
applications [1]-[4]. The partia substitution of
divaent ions for the trivalent rare earth ions
induces a paramagnetic to ferromagnetic phase
transition explained by the double-exchange (DE)
mechanism [5] in these compounds. Near the
ferromagnetic transition temperature Tc, these
oxides show a meta-insulator transition with a
peak in the resistivity. There appears to be a direct
relationship between the complex lattice effects
and the transport properties in these perovskite
compounds [6]. To evauate the effect of rare-earth
element substitution, we have made a systematic
study on the magnetic and transport properties
induced by La-site substitution. Dramatic variation
of magnetic and transport properties induced by
the Lasite substitution is observed for these
perovskites in this study.

3. Experimental

Polycrystalline oxide samples of the
compounds, Lag7.xLnyPbo3sMnO3 (Ln=Pr, Nd, Dy,
and Y), were prepared by the conventional
ceramic fabrication technique of solid-state
reaction. The structure and phase purity of the
samples were examined by the diffraction
patterns recorded in the 20 ranges from 20° to 60°
with a powder diffractometer (Rigaku, PC-2000,
Cu-Ko radiation) at room temperature. The
magnetization measurements between 5K and
350K were performed in a quantum designed
superconducting quantum interference device
MPMS5S SQUID  magnetometer.  The

magnetization curves as a function of
temperature in an applied field, uoH, of 5T were
recorded. Resistivity was obtained from the
standard four-point probe method on bars of
typical dimensions 10mmx1.5mmx1mm. The
applied field was paradlel to the direction of
electrical current. The resistivity curves as a
function of temperature were collected with and

without an applied field of 1T.

4. Resultsand Discussion

We have examined the magnetization process
and magnetoresistance of manganite oxides,
Lag.7xLNnyPbpsMnOs (Ln=Pr, Nd, Dy, and Y). It is
interest for us to survay the size mismatch effect
on the magnetic behaviors and transport properties
when the Ln-site ions are smaller than La to fill
the octahedra MnOs and,
consequently, results in a more distorted structure
and Mn-O-Mn bond bending [7]. The parameters
of La®*, Pr**, Nd®*, Dy**, and Y>* with electronic
configuration [Xe], [Xe](4)?, [Xe](4f)°, [Xe](4f)°,
and [Kr], respectively, arelisted in Table 1 [8].

Fig. 1 shows the magnetization curves as a

the space in

function of temperature measured in an applied
field of 5T for the Lay7xPr«PbosMnOs; and
Lay 7-xNdxPbpsMnO3; oxide systems. The samples
undergo a paramagnetic to ferromagnetic
transition as the temperature decreases. For both of
the two systems, the saturation magnetization (Ms,
defined as the magnetization at 5K and an applied
field of 5T for comparison) increases with the
increase of Nd or Pr content. In the Pr-doped
compounds, the manganese sublattice is
ferromagnetic and the magnetic ions, Pr¥*, with

f-shell electrons are gradualy aligned with



manganese as the temperature decreases. The
magnetic Pr** ions contribute to an additional
magnetization value (effective moment as listed in
Table 1) to the total moment for Pr-doped samples.
However, the spins of Pr** with f-shell electrons
are hard to be fully aligned with those of Mn due
to the deformation induced by the substitution of
Pr for La (radii as listed in Table 1). As Fig. 1(a)
shows, saturations  for
Pr-doped samples are not achieved even at 5K,
which shows high dM/dT slope. For the Nd-doped

compounds, similar behavior was aso observed.

complete magnetic

However, due to the less unpaired f-shell electrons
of Pr¥* than Nd*, the Mg values are smaller of
Pr-doped compounds than those of Nd-doped ones
asshownin Fig. 1(a) and (b).

The magnetization curves as a function of
temperature for the Lag7.xDyxPbosMnOsz system
are shown in Fig. 1(c). For the Dy-doped system,
the Mg increases initialy with the increase of Dy
content, reaches a maximum value for x = 0.1 and
then decreases with the increase of Dy content.
The results can be explained in terms of the
increase  of

competition  between  the

ferromagnetically interacting spins  and
suppression of ferromagnetism. As listed in Table
1, the effective moment value of Dy*' is quite
larger than that of La®*, Pr** and Nd*" and in a
consequence the Dy** contributes to a more
additional magnetization value to the total moment
than Pr¥* and Nd®*. This is the reason why Mg
increases with the increase of Dy content due to
the increase of ferromagneticaly interacting spins
initialy. However, the radius of Dy*" is quite
smaller than La**, Pr*" and Nd**. The introduction
of Dy into La site induces heavy distortion of
crystal

structure  and  suppression  of

ferromagnetism. Complete magnetic saturations
for Dy-doped samples are aso not achieved even
at 5K. The higher dM/dT slope values for heavy
doped samples show that the suppression of
ferromagnetism induced by structure distortion
plays a primary role. Thus, the Ms decreases with
the increase of doped content for x = 0.1.

In contrast, Ms decreases with the increase of Y
content in the Y-doped oxides as shown in Fig.
1(d). It can be inferred that the substitution of
smallest Y** for La®* can distort the perovskite
structure and give rise to alarger bending angle of
the Mn-O-Mn, which consequently weakens the
ferromagnetic  double exchange interaction
between Mn®*" and Mn*". The effective magnetic
moment is 0 pg for Y*, which is much smaller
than those of Pr¥, Nd**, Dy*". Therefore, the
increase of ferromagnetism suppression induced
by structure distortion with the increase of Y
content plays a mgjor role for Y -doped compounds
and which is quite different from that of the rest
compounds.

Fig. 2 shows the resistivity curves as a function
of temperature obtained under the applied fields of
OT and 1T for Pr-doped and Nd-doped systems.
The MR ratios at Tp are 17.2% at 332K (x=0.0),
18.5% at 321K (x=0.1), 28.9% at 289K (x=0.3),
35.2% at 149K (x=0.5), and 41.1% at 117K (x=0.7)
for Pr-doped compounds and are 17.2% at 332K
(x=0.0), 19.2% at 296K (x=0.1), 30.8% at 261K
(x=0.3), 47.6% at 128K (x=0.5), and 66.7% at 95K
(x=0.7) for Nd-doped compounds. It is found that
the presence of Pr or Nd results in an increase of
resistivity p and a lowering of the metal-insulator
The increase of
resistivity can be explained by the deformation of

transition temperature Tp.

structure induced by the smaller Pr or Nd



substitution for La and the corresponding
deformation of crystal structure. Thus, the electron
hopping across the Mn-O-Mn meets high
resistance at zero-field. With an externa field
applied of 1T, resistivity decreases due to the
suppression of spin scattering and enhanced
magnetoresistance (MR) ratio, defined as
[p(OT)-p(1T)]/p(1T), is obtained. Thus, the MR
ratio of doped compounds is larger than that of
pure Lag7PbosMnOs. The reason holds for the
increase of MR ratio and resistivity of Nd-doped
system and larger values than those of Pr-doped
system with the same doped content x. We
observed an enhancement of MR with the increase
of Pr or Nd content for both systems.

Fig. 3 shows the resistivity curves as a function

of temperature for Dy-doped and Y -doped systems.

The MR ratios at Tp are 17.2% at 332K (x=0.00),
18.9% at 316K (x=0.05), 19.8% at 201K (x=0.10),
224% a 182K (x=0.15), and 24.2% at 169K
(x=0.20) for Dy-doped compounds and are 17.2%
at 332K (x=0.00), 19.6% at 297K (x=0.05), 21.4%
at 190K (x=0.10), 23.6% at 179K (x=0.15), and
25.2% at 152K (x=0.20) for Y -doped compounds.
Larger increase of MR and resistivity than those of
Pr-doped and Nd-doped systems is obtained with
the same x. This result is obvioudly attributed to
the smaller ionic radius of Dy and Y than theionic
radius of Pr and Nd. Result of double peaks
temperature dependence resistivity curves for Dy
and Y content systems is different from the result
of the rest systems as shown in Fig. 2. The
dissmilarity of electrical property shows a clear
behavior. The
competition between DE mechanism in the core of

extrinsic  magnetoresistance
the grains (high temperature peak) and the

tunneling magnetoresistance in  the grain

boundaries (low temperature peak) can explain the
observed double peaks temperature dependence
resistivity. Thus, the gradua obviousness of low
temperature peak indicates that the transport
mechanism is governed by the tunneling
rather than DE with the

increase of Dy or Y content.

magnetoresi stance
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Table1l Values of radius, effective moment and magnetism
for trivalent lanthanide and yttriumions.

lon Radius Effective moment Magnetism
(nm) (18)

La®®  0.136 0 nonmagnetic

Pr*  0.130 358 magnetic

Nd*  0.127 3.62 magnetic

Dy**  0.120 10.63 magnetic

Y3 0.119 0 nonmagnetic
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