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Abstract The crystal structure and magnetotransport properties of the Nd0.70Ba0.30-
MnO3.00−δ manganites have been investigated. The stoichiometric A-site ionic dis-
ordered Nd0.70Ba0.30MnO3.00 sample is orthorhombic (SG = Imma) ferromagnet
below TC ≈ 151 K. It has metal-insulator transition at TMI ≈ 140 K and peak of
magnetoresistance ∼50% in field of 9 kOe. The anion-deficient partly A-site ionic
ordered Nd0.70Ba0.30MnO2.60 sample is ferrimagnet with TN ≈ 130 K and has nano-
metric ∼440 nm grains. The oxygen annealed stoichiometric partly A-site ordered
Nd0.70Ba0.30MnO3.00 sample consists of two perovskite phases: (i) A-site ionic com-
pletely ordered tetragonal (SG = P4/mmm) NdBaMn2.00O6.00 with a Curie point of
∼310 K and (ii) superstoichiometric orthorhombic (SG = Pnma) NdMnO3.00+γ with
a Curie point of ∼120 K. The magnetoresistance of this sample at the room tempera-
ture is about 7% in a field of 9 kOe. Considerable changes of the magnetic properties
are interpreted as due to the ordering of Nd3+ and Ba2+ cations as well as the forma-
tion of nanometric grains.
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1 Introduction

The A-site ordered perovskites LBaB2O6−γ (L = La, Pr, Nd, Sm, Eu, Gd, Tb, Y; B =
Mn, Co; 0 ≤ γ ≤ 1) have been synthesized and thoroughly investigated by several
groups [1–15]. The exploration of these layered perovskites has revealed the strong
electron correlations and coupling between spin, charge, orbital, and lattice degrees
of freedom which stimulates a renewed interest for these challenging materials. It
has been established that the orbital physics phenomena, magnetic and electronic
states in these compounds are derivatives from the ionic, orbital and charge ordering,
nanoscopic phase separations, changes in the spin state of Co ions, a “spin blockade”
mechanism and so forth.

The layered LBaMn2O6−γ manganites have been found to possess unique phys-
ical properties, which are related to the ordering of cations on the A-sublattice of
the perovskite structure [5–15]. The main structural feature of these A-site ordered
compounds is the alternation of MnO2 planes with two other planes LO and BaO,
each containing cations of one type which results in a periodic distortion of MnO6
octahedra. This crystal structure is similar to that of YBaCuFeO5 [16]. The phys-
ical properties of such A-site ordered LBaMn2O6 manganites [17–26], cannot be
explained taking into account the tolerance factor alone, as in the case of a statistical
distribution of substituent cations in manganites of the L0.50Ba0.50MnO3 type. This
type of cation ordering increases the temperature of the phase transition from a metal-
lic ferromagnetic state to an insulating paramagnetic state. In the case of L3+ = Pr3+
the Curie temperature increases from ∼140 K to ∼320 K [27]. In both the disordered
and ordered cases, the MR effect is observed at temperatures slightly below TC .

For the manganites with L3+/Ba2+ = 1/1 it has been established that the var-
ious degrees of L/Ba disorder on the A-sites may be realized [28, 29]. The mag-
netic ground state is a mixture of the ferromagnetic metallic (FM) and antiferro-
magnetic insulator (AFI(CE-type)) phases for the fully A-site ordered LaBaMn2O6
while the antiferromagnetic metallic (AFM(A-type)) one for the fully A-site or-
dered PrBaMn2O6 and NdBaMn2O6 [30]. The [PrgBa1−g]P [Pr1−gBag]BMn2O6
compounds with various degrees of A-site order have been synthesized from the
fully A-site ordered PrBaMn2O6 by controlling the annealing time and temperatures
(1273–1623 K) in O2 flow [28]. The A-site disorder gradually suppresses the anti-
ferromagnetic interactions and the fully A-site disordered Pr0.50Ba0.50MnO3 sample
has a FM ground state. In previous studies [7, 31] the FM ground state for the A-site
ordered LaBaMn2O6 and NdBaMn2O6 samples has been revealed that be connected
with the partly A-site ordering.

Recently, the manganites with L3+/Ba2+ �= 1/1 cation ratio have been investi-
gated [32, 33]. The ferromagnetic properties have been observed for the A-site or-
dered La1−xBaxMnO3 samples with x = 0.44 and 0.48. The ferromagnetic and an-
tiferromagnetic properties have been observed for the sample with x = 0.52. For the
x = 0.50 sample, neutron powder diffraction data provide evidence for a structural
phase separation below 180 K and a stable and complex antiferromagnetic charge or-
dered phase at temperatures below ∼120 K. Contrary to previous reports, this charge
ordered phase is not of the charge exchanged type and is not intrinsic to the main high
temperature ferromagnetic phase. For the x = 0.52 sample, a similar charge ordered
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state has been observed within a narrow temperature range at ∼180 K before it disap-
peared in favor of a more stable antiferromagnetic A-type orbital ordered phase [33].

Therefore, it is very interesting to study the mechanism of the A-site ordering
and magnetic properties of the manganites with L3+/Ba2+ � 1 cation ratio. In the
present paper we have selected the Nd0.70Ba0.30MnO3 solid solution. It is shown
that the A-site ordering in this manganite results from the nanoscale chemical phase
separation on the Ba-enriched and Ba-depleted regions.

2 Experimental Methods

The starting A-site disordered Nd0.70Ba0.30MnO3.00 manganites have been obtained
from high purity oxides and carbonate: Nd2O3, Mn2O3 and BaCO3. At first the ox-
ides and carbonate have been mixed to obtain desired (Nd3+:Ba2+:Mn3+ = 7:3:10)
cation ratio and ground thoroughly in an agate mortar by adding some quantity of
ethyl alcohol. Then the prefiring has been performed at 1000 °C in air during 2 h
to remove a moisture and carbonic acid. The final synthesis has been carried out at
1400 °C in air during 2 h. After the synthesis the samples have been slowly cooled
(100 °C/h) in order to receive the stoichiometric oxygen content. The air-prepared
Nd0.70Ba0.30MnO3 samples have been treated in an evacuated and sealed silica tubes
at 800 °C for 24 h using Ta as oxygen getter to reduce the oxygen content to “O2.60”:

Nd0.70Ba0.30MnO3.00 + 0.16Ta −→ Nd0.70Ba0.30MnO2.60 + 0.08Ta2O5. (1)

The oxygen-deficient sample is characterized by the partial ordering of Nd3+ and
Ba2+ cations and the pyramidal Mn2+/Mn3+ layers, sandwiched between alternating
Nd3+ oxygen-free and Ba2+ oxygen-filled layers along the c axis. To lower a relative
error of oxygen content measurements the weight of the sample placed in the silica
tube has been ∼3 g. The anion-deficient partly A-site ordered Nd0.70Ba0.30MnO2.60
sample has been oxidized in air at 800 °C during 12 h up to the oxygen-stoichiometric
“O3” state, where the partial A-site ordering remains:

Nd0.70Ba0.30MnO2.60 + O2 −→ Nd0.70Ba0.30MnO3.00 (PO). (2)

The microstructure of all samples has been studied by a NANO LAB-7 scanning
electron microscope. The quantitative chemical content and its spatial distribution
have been examined by the MS-46 and SYSTEM-860-500 microprobes. These in-
vestigations have shown that all samples are well crystallized with homogeneous
chemical content. The oxygen content of all the products has been determined by
thermogravimetric analysis. Thus, the chemical formula for all the examined sam-
ples may be written as Nd0.70Ba0.30MnO3.00−δ±0.01. X-ray powder diffraction data
have been recorded at room temperature with a DRON-3M diffractometer in Cu–Kα

radiation in angle range 20° ≤ 2θ ≤ 80°. The X-ray diffraction patterns have been
analyzed by the Rietveld method [34] using the FullProof software [35]. The data
have been collected with 0.03° step during the 3 s.

The magnetization measurements have been made using an SQUID-magnetometer
in the temperature range 4.2–350 K. The temperature dependences of the specific
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magnetization have been measured in a field of 100 Oe field during heating after
zero-field cooling (ZFC) and field cooling (FC) mode. The field dependences have
been also measured at low temperature (20 K) to avoid the magnetic contribution of
the Nd3+ cations. The magnetic ordering temperature (TC or TN ) has been defined
as an inflection point of the ZFC magnetization measured in 100 Oe. The resistivity
was studied from 77 to 350 K using a standard four-point-probe technique and with
ultrasonically applied indium eutectic contacts. The negative isotropic MR is defined
as:

MR = [ρ(H) − ρ(0)]/ρ(0) × 100%, (3)

where ρ(H) and ρ(0) are the resistivities measured in a magnetic field of H = 9 kOe
and in the absence of an applied magnetic field.

3 Experimental Results and Discussion

The microstructure investigations have shown that the as-prepared Nd0.70 Ba0.30-
MnO3.00 sample has well crystallized grains with average diameter ∼3 µm (Fig. 1a),
with a narrow size distribution. Annealing of the as-prepared sample in the reduction
P[O2] ∼ 10−4 Pa atmosphere at the moderate temperature of T = 800 °C up to nomi-
nal composition Nd0.70Ba0.30MnO2.60 leads to the formation of nanometric ∼100 nm
grains. The appearance of the oxygen vacancies and intensive cation exchange are
likely to destroy the initial grains. The nanograins combine to form a mosaic struc-
ture, which is common to the entire polycrystalline sample. The grain size determines
to a some extent the properties of the crystal structure. A decrease in the grain size
to the nanodimensional level is accompanied by a decrease in the unit cell volume,
which is explained by an increase in the forces of surface tension relative to the bulk
elastic forces [36].

The oxidation of the anion-deficient partly A-site ordered Nd0.70Ba0.30MnO2.60
sample in air at the moderate temperature of T = 800 °C leads to the formation
of the oxygen-stoichiometric partly A-site ordered Nd0.70Ba0.30MnO3.00 (PO). The
nanometric dimension of the grains (Fig. 1b) remain. The diminution of the average
grain diameter leads to two competing processes: (i) the weakening of the ferromag-
netic properties owing to frustration of the exchange interactions on the grain surface
[37, 38] and (ii) the strengthening of the ferromagnetic properties owing to compres-
sion of the unit cell under the influence of the surface forces [39, 40]. In the extreme
case the former leads to the formation of the spin glass state, while the latter leads to
the increase of TC [41].

The powder X-ray diffraction results have demonstrated that the as-prepared
Nd0.70Ba0.30MnO3.00 sample has an orthorhombic (SG = Imma, Z = 4) unit cell
which coincides with the earlier results [42]. No additional reflections indicating a
presence of impurity phases have been detected (Fig. 2a). The parameters of the
unit cell for all the Nd0.70Ba0.30MnO3.00−δ samples are collected in Table 1. The
crystal structure of the overwhelming major perovskite Nd0.70Ba0.30MnO2.60 phase
is described in a tetragonal P4/mmm space group, peculiar to a layered order-
ing of Nd3+/Ba2+ = 1/1 cations in the A-sublattice of the ABO3 perovskite [28].
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Fig. 1 The scanning electron micrographs for the as-prepared A-site disordered Nd0.70Ba0.30MnO3.00
(a) as well as for the partly A-site ordered Nd0.70Ba0.30MnO3.00−δ (PO) (b) samples
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Fig. 2 The powder X-ray
diffraction patterns at the room
temperature for the
Nd0.70Ba0.30MnO3.00
manganites: (a) As-prepared
A-site disordered, (b) oxidized
partly A-site ordered sample.
The measured data (solid
circles) are shown together with
the resulting fit (solid line) and
their difference plot (solid line
at the bottom). The ticks
indicate the predicted 2θ

positions for the Bragg peaks

The structure of the anion-deficient phase consists of pyramidal Mn2+/Mn3+ layers,
sandwiched between alternating Nd3+ oxygen-free and Ba2+ oxygen-filled layers.

The subsequent oxidation of the Nd0.70Ba0.30MnO2.60 sample leads to the for-
mation of nominally single perovskite phase with small crystal structure dis-
tortions. However the detailed examination of the diffraction spectrum of the
Nd0.70Ba0.30MnO3.00 (PO) sample can be represented as a superposition of the
orthorhombic (SG = Pnma, Z = 4) and tetragonal (SG = P4/mmm, Z = 2) per-
ovskite phases (Fig. 2b). The use of the Imma or Pnma one-phase mode and/or
P4/mmm+Imma two-phase mode as well as the disregard of the tetragonal space
group P4/mmm considerably lower the quality of the Rietveld refinement. The pres-
ence of the tetragonal group P4/mmm indicates that the cation ordering is preserved.
Thus, the partly A-site ordered Nd0.70Ba0.30MnO3.00 (PO) sample consists of two
perovskite phases: (i) A-site ordered NdBaMn2O6 with Nd3+/Ba2+ = 1/1 cation
ratio and (ii) A-site disordered NdMnO3+γ . The moderate T = 800 °C temperature
is enough to form superstoichiometric perovskite NdMnO3+γ phase. The tetragonal
symmetry is in agreement with the Nd3+ and Ba2+ cation ordering on the A-site of
the perovskite cell. Of course, to be able to make a convincing statement a detailed
structure refinement, possibly including also neutron diffraction, is required.
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The unit cell volume of the anion-deficient A-site ordered phase is larger by ∼1%
than of the as-prepared phase (Table 1). This is caused by increasing manganese ion
size as result of its oxidative state decrease (Mn3+ −→ Mn2+), although an oxygen
vacancies and decreasing coordination number of manganese ions cause a reduction
of the unit cell volume. The Mn3+ (HS) effective ionic radius in octahedral oxygen
coordination is 0.645 Å, while in pentahedral coordination it is −0.580 Å [43]. For
the Mn2+ (HS) ions the effective ionic radii are 0.830 Å and 0.750 Å for the octahe-
dral and pentahedral coordination, respectively. The unit cell volume of the oxygen-
stoichiometric A-site ordered phase is smaller than for the as-prepared phase. This
contraction may be explained by the ordering of the A-cations and the formation of
the nanograins. The grain size for the oxygen-stoichiometric A-site ordered sample
is varied in region of 0.216÷0.676 µm, while for the as-prepared A-site disordered it
is varied in region of 1.107 ÷ 4.606 µm. The maximal quantity of grains ∼32.91%
for the oxygen-stoichiometric A-site ordered sample have size dispersion from ∼0.5
to ∼0.6 µm. Average grain size is ∼440 nm. The compression of the unit cell pro-

Fig. 3 The temperature
dependence of ZFC (open
symbols) and FC (full symbols)
magnetizations in field
of 100 Oe for the
Nd0.70Ba0.30MnO3.00−δ

manganites: (a) As-prepared
A-site disordered,
(b) anion-deficient partly A-site
ordered, and (c) oxidized partly
A-site ordered sample
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duces the enhancement of the exchange interactions as a result of a reduced average
〈Mn–O〉 bond length and increased of average 〈Mn–O–Mn〉 bond angle.

The results of the ZFC and FC magnetization measurements vs. temperature
for the Nd0.70Ba0.30MnO3.00−δ samples are presented in Fig. 3. The as-prepared
Nd0.70Ba0.30MnO3.00 sample is characterized by the Curie temperature ∼151 K
(Fig. 3a). The transition to a paramagnetic state for all the samples is well defined,
which is characteristic of homogeneous magnetic materials. The ZFC and FC mag-
netization curves for the as-prepared Nd0.70Ba0.30MnO3.00 sample are very close
(Fig. 3a). This indicates a small magnetic anisotropy.

The magnetic properties of the anion-deficient partly A-site ordered Nd0.70-
Ba0.30MnO2.60 sample are due to, in general, the NdBaMn2O5 phase. The ZFC mag-
netization for the anion-deficient partly A-site ordered Nd0.70Ba0.30MnO2.60 sample
demonstrates sharp diminutive cusp at the ∼130 K. Such a type of the ZFC behav-
ior may be attributed to antiferromagnetic or ferrimagnetic order. The ZFC and FC
magnetization curves differ significantly below TN , which is possibly due to large
magnetic anisotropy. The considerable increase of the FC magnetization at the low
temperatures (<20 K) seems to be caused by the Nd3+-sublattice contribution.

The oxygen-stoichiometric partly A-site ordered Nd0.70Ba0.30MnO3.00 (PO) sam-
ple has a Curie temperature of ∼310 K, which is more than two times as high as
for the as-prepared sample (Fig. 3c). The ZFC and FC magnetization curves for the
oxygen-stoichiometric partly A-site ordered Nd0.70Ba0.30MnO3.00 (PO) sample are
similar to the as-prepared Nd0.70Ba0.30MnO3.00 (Fig. 3a,c). It is well shown that the
oxygen-stoichiometric partly A-site ordered Nd0.70Ba0.30MnO3.00 (PO) sample has
one more magnetic transition at ∼120 K. This transition is associated with the A-site
disordered NdMnO3+γ phase.

The temperature dependence of FC magnetization in a field of 10 kOe for the
oxygen-stoichiometric partly A-site ordered Nd0.70Ba0.30MnO3.00 (PO) sample is
presented in Fig. 4. In this field the temperature of the transition to the paramagnetic
state is slightly increased by ∼10 K. The transition at low temperature becomes more
gradual, and the magnetization decreases slightly below ∼20 K which most probably
dues to the contribution of the Nd3+-sublattice. At low temperatures (<20 K) the

Fig. 4 The temperature
dependence of FC
magnetization in field of 10 kOe
for the oxidized partly A-site
ordered Nd0.70Ba0.30MnO3.00
(PO) sample
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Fig. 5 The temperature
dependence of FC
magnetization in field of
1 kOe (a) and in field of
10 Oe (b) measured right after
1 kOe investigation for the
oxidized partly A-site ordered
Nd0.70Ba0.30MnO3.00 (PO)
sample

magnetic moments of the Nd3+ ions in a strong field (10 kOe) are oriented opposite
to the Mn moments. One might speculate that the magnetic transitions at ∼20 K and
∼140 K are driven by structural transformations.

The two phases (NdBaMn2O6 and NdMnO3+γ ) of the partly A-site ordered
Nd0.70Ba0.30MnO3.00 (PO) sample appear to be exchange coupled. This is strongly
suggested by the magnetization behavior in a weak field of 10 Oe measured immedi-
ately after the 1 kOe investigation Fig. 5. At first, the magnetization in 10 Oe increases
below ∼120. After measurements in field of 1 kOe the magnetization decreases,
moreover this behavior is observed for both field orientations. The high tempera-
ture magnetic phase orientes the low temperature phase. The field of 10 Oe disturbs
the influence of the high temperature phase.

The field dependence of the magnetic moment for all the obtained samples at
20 K are given in Fig. 6. The as-prepared Nd0.70Ba0.30MnO3.00 sample is charac-
terized by spontaneous magnetic moment σS ≈ 3.5 μB/f.u. that is very close to
σS ≈ 3.7 μB/f.u. which is value of moment calculated in the case of parallel ori-
entation of manganese magnetic moments μ(Mn3+) ≈ 4 μB and μ(Mn4+) ≈ 3 μB .

The anion-deficient partly A-site ordered Nd0.70Ba0.30MnO2.60 sample has very
small spontaneous magnetic moment in the ground state σS ≈ 0.2 μB/f.u. Such a mo-
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Fig. 6 The field dependence
of the specific magnetic moment
at the 20 K for the
Nd0.70Ba0.30MnO3.00−δ

manganites: (a) As-prepared
A-site disordered,
(b) anion-deficient partly A-site
ordered, and (c) oxidized partly
A-site ordered phase

ment is attributed to a ferrimagnet with a small ferromagnetic component due to the
incomplete compensation of antiferromagnetically ordered sublattices. A similar sit-
uation is observed for the anion-deficient A-site ordered LBaMn2O5 samples [9, 28].
If all of the S(Mn2+) = 5/2 spins are antiparallel to the S(Mn3+) = 4/2 spins, a sat-
urated moment of σS ≈ 0.5 μB per formula unit is expected. This is comparable to
the observed value of ∼0.2 μB/f.u. The small moment may be also attributed to the
presence of the nanodimensional grains. It should be noted the anion-deficient partly
A-site ordered Nd0.70Ba0.30MnO2.60 sample has large coercivity ∼5.9 kOe.

After reoxidation the spontaneous magnetic moment increases up to σS ≈
3.0 μB/f.u. that is some lower than for the as-prepared Nd0.70Ba0.30MnO3.00 sam-
ple. This fact is explained by the formation of nanograins. On the surface of grain the
exchange interactions are distorted and total the magnetic moment decreases. In the
case of nanograins this is especially visible. It is very likely that the small moment is
also explained by the presence of nanograins in the case of the anion-deficient partly
A-site ordered Nd0.70Ba0.30MnO2.60 sample.

The as-prepared Nd0.70Ba0.30MnO3.00 sample has an insulator type of the electri-
cal resistivity and insulator-metal transition at ∼140 K (Fig. 7a). At this temperature
in field of 9 kOe the peak of magnetoresistance of ∼50% is observed. The oxygen-
stoichiometric A-site ordered Nd0.70Ba0.30MnO3.00 (PO) sample has a Curie temper-
ature of ∼310 K, which is more than two times as large as for the as-prepared sam-
ple (Fig. 3c). The oxygen-stoichiometric partly A-site ordered Nd0.70Ba0.30MnO3.00

(PO) sample has the peak of magnetoresistance of ∼7% in field of 9 kOe around
310 K (Fig. 7b).

A double-exchange mechanism has been proposed by Zener to explain metallic
behavior and ferromagnetic interactions in hole-doped perovskite manganites [44].
The basic process in this mechanism is played by eg manganese electrons which
move from Mn3+ (t32ge1

g , S = 2) to Mn4+ (t32ge0
g , S = 3/2) via the oxygen without

change of the spin orientation. Thereby, Mn4+ and Mn3+ ions change places. The t32g

electrons are always localized (giving rise to a local spin of 3/2), but the eg electron,
which is hybridized with the oxygen 2p, can be either localized or itinerant. As a
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Fig. 7 The resistivity (full
symbols) and magnetoresistance
(open symbols) vs. temperature
in field of 9 kOe for the
Nd0.70Ba0.30MnO3.00−δ

manganites: (a) As-prepared
A-site disordered, and
(b) oxidized partly A-site
ordered sample

result itinerant eg electrons align the local spins t32g ferromagnetically and cause the
metallic behaviour.

The magnetic state of the L1−xAxMnO3 (A = Ca, Sr, Ba) manganites is known
to be determined by the average radii 〈r〉 of alkaline-earth and rare-earth ions as
well as the value of cation size mismatch

∑
xir2

i -〈rA〉2 in the A-sublattice which
characterizes a mismatch between alkaline-earth and rare-earth ionic radii [45].

The maximum magnetic moment and Curie temperature are observed for man-
ganites with K = Mn3+/Mn4+ equal to 7/3. If K is close to 1 the ferromagnetic state
transforms into an antiferromagnetic one as the Mn4+ ions concentration increases.
The smaller the average ionic radius of the A-sublattice and the larger the L3+ and
A2+ ionic radii mismatch is the lower, in general, the magnetic ordering tempera-
ture [46].

According to the empirical Goodenough-Kanamori rules for the indirect superex-
change interactions the closer the 〈Mn–O–Mn〉 average bond angle to 180° the larger
the exchange interaction [47]. In the case of the orbitally disordered state the sign
of the exchange interaction can change from positive to negative as 〈Mn–O–Mn〉
average bond angle decreases below a critical point. As Nd3+ and Ba2+ ions are dis-
tributed randomly on the A-sublattice the local dispersion of the Mn–O–Mn angle
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value suppresses the exchange interaction value. Consequently the mismatch effect
and A-site randomness weaken the ferromagnetic properties.

The ordering of cations on the A-sublattice leads to the enhancement and trans-
lation symmetry in the arrangement of the Mn–O–Mn bond angles as well as to de-
crease the Mn–O bond lengths (Table 1) and as a consequence to the suppression of
mismatch effect. Note that the Mn–O–Mn bond angles ordering and their enhancing
can also lead to a sharp increase of the magnetic ordering temperature.

The resistivity of the polycrystalline samples is determined by two contributions,
i.e. contribution from the intragrain regions (grains) and contribution from the inter-
grain regions (grain boundaries). Spin-polarized intergrain tunneling in these com-
pounds has been carefully studied and is known to depend on the grain size and
the properties of intergranular matter, which constructs the intergrain barrier [48].
Conducting electrons can hop from grain to grain through spin-dependent tunneling.
The probability of an electron tunneling with conserved spin across the intergran-
ular barrier is reduced when the magnetic moments of the neighboring grains are
not parallel. Randomly oriented moments of grains can be aligned by an external
field. This causes a significant increase in the tunnel conductance, thereby reducing
the resistivity of the granular sample. With grain growth, the intergranular tunneling
gradually disappears, while the intragranular one is enhanced [49]. Polycrystalline
manganites usually show MR effect in two distinct regions. One is pronounced near
the magnetic ordering temperature (intragrain MR), the other one is dominant at low
temperature where the magnetization is substantial (intergrain MR) [50]. The order-
ing of the cations in the A-sublattice leads to the increase the eg-electron transfer
integral inside the grains through a change in the Mn–O–Mn angle. As a result the
resistivity decreases.

4 Conclusions

We investigate the A-site ordering and magnetic properties of the Nd0.70 Ba0.30-
MnO3.00 manganite. The high-quality ceramic with the controlled chemical phase
content and microstructure has been obtained. The annealing in the reducing at-
mosphere P[O2] ∼ 10−4 Pa at a moderate temperature of T = 800 °C leads to the
degradation of this ceramic and the formation of nanometric 〈D〉 ≈ 440 nm grains.
It is shown that the partly A-site ordered manganites with Nd3+/Ba2+ � 1 cation
ratio may be obtained using a “two-steps” reduction-reoxidation method at the mod-
erate temperature of T = 800 °C. It is observed that the A-site ordering and the
formation of nanometric grains leads to considerable changes of the crystal struc-
ture and the increase of the Curie temperature. The as-prepared A-site disordered
Nd0.70Ba0.30MnO3.00 sample is orthorhombic (SG = Imma, Z = 4) ferromagnet be-
low TC ≈ 151 K, whereas the oxidized partly A-site ordered Nd0.70Ba0.30MnO3.00
(PO) sample consists from two perovskite phases: (i) A-site ordered NdBaMn2O6 one
which has tetragonal (SG = P4/mmm, Z = 2) symmetry of the unit cell and Curie
point ∼310 K and (ii) superstoichiometric NdMnO3+γ one which has orthorhom-
bic (SG = Pnma, Z = 4) symmetry of the unit cell and Curie point ∼120 K. The
as-prepared A-site disordered Nd0.70Ba0.30MnO3.00 sample has at TMI ≈ 140 K
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a peak of magnetoresistance ∼50% in field of 9 kOe. The magnetoresistance of
the oxidized partly A-site ordered Nd0.70Ba0.30MnO3.00 (PO) sample at the room
temperature is about 7% in a field of 9 kOe. The TC of the partly A-site ordered
Nd0.70Ba0.30MnO3.00 (PO) sample increases, indicating that cation order plays an
important role in determining the electronic and magnetic properties not only in
Nd3+/Ba2+ = 1/1 materials but also in Nd3+/Ba2+ � 1 ones. The A-site ionic
ordering in Nd0.70Ba0.30MnO3.00 manganite is accompanied by nanoscale chem-
ical phase separation on the Ba-enriched and Ba-depleted regions. Two magnetic
phases of the nanocomposite are exchange coupled with each other. Such consider-
able changes of the crystal structure and magnetic properties are interpreted in frame
of the A-site ordering and the formation of nanometric grains.
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