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Abstract

LaysLno.1PbosMnOz (Ln=Pr, Nd and Y)
oxides have been synthesized by standard
Ceramic method. The paramagnetic-ferro
magnetic transition temperature values alter
considerably by partidly  substituting
different rare earth ions at the La site. The
low field FC-ZFC curves of Pr-doped, Nd-
doped and Y -doped manganites display a A
-shape-like behavior hinting for a short-range
spin order phase. These facts are in good
agreement with the smaller ionic radii of Pr,
Nd and Y ions, which are contrary to La
ionic radius, and with the corresponding
large distortion of their perovskite structures.
For Pr-doped and Nd-doped manganites, due
to the canted spin of magnetic Pr and Nd ions
with Fshell electrons, the magnetic moments
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are hardly saturated in low field and the
magnetization remains unsaturated in high
field.

Perovskite manganese oxides, Ln 1.,Ax
MnOs (Ln = La, Nd, Pr, Smetc., and A = Ca,
Sr, Ba, Pb etc), have recently attracted
considerable attention because of rich variety
of crystallographic, magnetic and electronic
phases'™. LaMnOs, the prototype of these
perovskite oxides, is an antiferromagnetic
insulator with an orthorhombic distortion
structure®. The partia substitution of divalent
ions for the trivalent rare earth ions induces
ferromagnetism in these compounds due to
the conversion of Mn™ (ty° &) into Mn™
(toy’ &°). Historically the theory of double
exchange (DE) has been led to explain this
phenomenon and successfully explained x =
0.3 is the optimally doped composition*>.
Recent that the
mechanism of magnetic polarons formed by
the Jahn-Teller distortion of the MnOs
octahedral may be responsible for explaining
the CMR effect with the DE model®’. The
introduction of smaller Ln-site ions can lead
to a larger deformation of the octahedral in
the perovskites, bend the Mn-O-Mn bonds
and, consequently, weaken the DE interaction

works have shown



between Mn*3and Mn*™. It is appedling that
there seems a direct relation between the
complex lattice effects and the tolerance

factor, t=(r, ,+ ro)/ \/é(rMn+ I,),a geometrical

parameter describing the inhomogeneity in
the LnMnO; perovskite compounds®. The
substitution of La by smaller ion is expected
to enhance the microstructure inhomogeneity
that may plays an important role in the
properties of the spin-lattice coupling and
magnetic behaviors.

Polycrystaline bulk samples of the
compounds LagsL.np 1PbpsMnO3 (Ln = Pr, Nd
and Y) were prepared by conventional
ceramic fabrication technique of solid-state
reaction. The start reagents, LayOs, PreOa,
Nd;Osz, YOz, PbCO; and MnCOs; were
mixed with a stoichiometric proportions. The
powders were calcined twice in air at 850
for 24 hours with intermediate grindings,
then pressed into disk-shaped pellets and
finaly sintered in air at 1175 for 72
hours. The structure and phase purity of the
samples were examined by the powder x-ray
diffraction using Cu-Ky radiation a room
temperature. The magnetization measurem-
ents were performed by a Quantum Design
MPMS superconducting quantum interfere-
nce device (SQUID) magnetometer.

For comparative purpose, the xray
powder diffraction diagram of four respective
samples, Lag7PpsMnOz (LP), LagePro.1Pbos
MnO3 (LPP), LayeNdp1PbosMnOs (LNP)
and LaygY 01PbpsMnOs (LYP), are shown in
Fig.1. The powder xray diffraction patterns
show single-phase rhombohedral crystal

structure with space group R3¢ (No. 167) for
the former three compositions, while the last
composition had orthorhompic symmetry
with space group Pnma (No. 62). The ionic
radii of cations La*, Pr**, Nd*" and Y*" are
0.136,0.129,0.127and0.119 nm, respectively’.
In this series of samples, the peaks of xray
patterns gradually shift to higher degree due
to the partial substitution of smaller ion, Pr",
Nd**and Y*', in the La-site. Tolerance factors
of the partially substituted phases of smaller
ion are lower then those obtained for the La
compound. As t decreases in the perovskite
structure, the Mn-O bond compressed and the
A-O bond becomes tense'®. Consequently,
substituting smaller ion for La bends the
Mn-O-Mn bond angle to (180" -/ ) and
is increases when t decreases. However, the t
values, listed in Table I, are greater then
0.9853 in all cases, hinting good stability of
the structure.

In order to get more insight into the spin
order and magnetic behavior, we measured
the ZFC (zero-field-cool) and FC (field-cool)
magnetization-temperature (M-T) curves in
the field of 100 Oe. The method of low field
ZFC-FC measurement is one of the methods
generally used to characterize short-range
spin order behavior. The ZFC-FC curves of
all samples are presented in Fig. 2. The
saturation moment of Mn spins in LP
compound clearly suggests a ferromagnetic
long-range spin order. Conversely, the
ZFC-FC curves display theirreversibility and
A -shape traces with LPP, LNP and LYP
compositions, suggesting the nature of a
short-range spin order. The ZFC curves
coincide with the FC curves at high tempera-
ture, but become apparently decreasing as t



decreased below ferromagnetic-paramagnetic
transition temperature T, which is defined as
the temperature where the dM/dT reaches
the minimum value. Anaogous magnetic
behaviors are aso reported when La™ is
partially substituted by other trivalent rare
earth ions™. T values, listed in Table |, alter
considerably due to the decrease of t values,
the effect of lattice distortion and Mn-O-Mn
bonds bending induced by substituting
smaller rare earth ionsfor La.

The Magnetic hysteresis loops at 5K with
-5T to 5T applied field are shown in Fig. 3.
The magnetization of LPP, LNP and LYP
increase slowly than that of LP due to the
smaller t values in low magnetic field. It is
reasonable to conclude that the observed
behavior corresponds to the spin order in
which short-range spin order is harder to be
magnetized than the long-range one. The
magnetization are easily saturated by external
magnetic field with the LP and LYP
compounds which show essentialy no
high-field slope, listed in Table I, indicative
of a collinear ferromagnetic state. LPP and
LNP remain unsaturated in the high fields,
showing the slopes of 0.0797 m, /T with LPP
and 0.1981 m, /T with LNP. The manganese
sublattice is ferromagnetic while the
magnetic ions Pr® and Nd" with £shell
electrons seem gradually aligned with the
manganese as field increases. Thus, the latter
contributes to an additional value to the total
moment for LPP and LNP samples. The
saturation moments, M, extrapolated to zero
field from hysteresis curves are listed in
Table 1I. The results are consistent with the
data of high-field slope.

We have presented a systematical study
of the magnetotransport behavior in the
(Lagelno1)PhosMnO;  system.  Regarding
their structures and magnetic properties, the
LP compound is different from LPPLNP and
LY P compounds. The ZFC-FC magnetization
results have shown that the substitution of Pr,
Nd and Y for La in Lay7Pbp3MnO; induces
the structural distortion and leads the oxide to
a short-range spin  order state. The
magnetization is easily saturated by externa
magnetic field for the LP and LYP
compounds with essentialy no high-field
slope. Conversely, the magnetization of LPP
and LNP remain unsaturated in the high
fields. We may, therefore, conclude that the
observed behavior corresponds to : (i) the
structure tuning induced by the small ionic
radius of the interpolated cation in the Ln site,
(ii) the magnetic ionic characteristic of Nd*
and Pr*3 which is in contrary to the
nonmagnetic La™ and Y*ion.
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Table I. The tolerance factor f, phase
symmetry and transition temperature T, for
all samples.

Composition t |phase?|T: (K)
Lay.7Po.3MNnOs 0.9915| R | 332
(LaoePro1)PbosMnOs [0.9889] R | 316
(LaoeNdo.1)PbosMnO3 {0.9883| R | 386
(LaoeY0.1)PbosMnO; [0.9853] O | 238

8R-rhombohedral, O-orthorhombic

Table I1. The saturation moment M (extrapo
lated to O T) and high-field slope for all

sample.

.. M; | High-field slope
Composition (emulg) (U +T)
Lao.7Pbo.sMNnO3 78.86 0.0012
(Lag.sPro.1)PosMnOs | 81.08 0.0266
(LapsNdo 1)PbpsMnO3 | 84.83 0.0701
(LagsY0.1)PbosMnOz | 76.81 0.0015
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Fig. 1. X-ray patterns of three samples for
all samples.
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Fig. 2. Temperature dependence of magneti-
zation at a low field of 1000e for dl
samples..
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Fig. 3. Magnetic hysteresis |loops at 5K
with -5T to 5T applied field for all
samples.
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