Du3suka y TexHuka nosynpoBogHukos, 2007, Tom 41, Bbin. 5

Microstructure evolution and magnetoresistance of the A-site ordered

Ba-doped manganites

© S.V. TrukhanovY, L.S. Lobanovski, M.V. Bushinsky, V.A. Khomchenko,

V.V. Fedotova, 1.0. Troyanchuk, H. Szymczak*

Joint Institute of Solids and Semiconductor Physics, National Academy of Sciences of Belarus,

220072 Minsk, Belarus
* Institute of Physics, Polish Academy of Sciences,
02-668 Warsaw, Poland

(Mony4era 12 centabpa 2006 r. [puHATa Kk neyatu 3 okTA6ps 2006 r.)

The microstructure, crystal structure and magnetotransport properties of the microsized and nanosized Ba-doped
manganites have been investigated. ,,Two-step“ reduction-reoxidation procedure has been used to obtain nanosized
ceramic manganite Nd, -oBa,3,MnO; (II). The parent microsized manganite Nd, ;,Baj3;,MnO; (I) have been
prepared by usual ceramic technology in air. Then the sample has been annealed in vacuum. The grain size of
the reduced sample, determined by scanning electron microscopy, decreased from ~ Sum down to ~ 100 nm.
To obtain the oxygen stoichiometry nanosized sample, the Nd, ;,Baj 3,MnO, 4, has been again annealed in air.
It is established that the (I) sample is a pseudocubic perovskite whereas (II) — a tetrahedral as consequence
of Nd** and Ba®' ions as well as oxygen vacancies ordering. The (I) sample is ferromagnet with To ~ 140K.
It has metal—insulator transition at Ty, ~ 135K and peak of magnetoresistance ~ 50% in field of 9kOe. For
the (II) sample the critical points of phase transitions move to higher temperatures, T, ~ 320K and Ty; ~ 310K.
The magnetoresistance of the (II) sample at the room temperature (T ~ 293 K) is about 7% in field of 9 kOe. The
magnetotransport properties are interpreted in frame of nanosized effect.

PACS: 75.30.Et, 75.30.Vn, 75.50.Lk

1. Introduction

The layered LBaMn,O;_,, (L=La, Pr, Nd et al.) man-
ganites have been found to possess unique physical prop-
erties, which is related to the ordering of cations in A-sub-
lattice of the perovskite structure [1-16]. The main structural
feature of these A-site ordered compounds consists in the
alternation of MnO, plane with two other planes LO
and BaO, each containing cations of one type which results
in a periodic distortion of MnO, octahedra. This crystal
structure is similar to that of YBaCuFeO, [17]. The physical
properties of such A-site ordered LBaMn,O, manganites
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 L, ;,Ba, ;,MnO; type. This
type of cation ordering increases the temperature of the
phase transition from a metallic ferromagnetic state to an
insulator paramagnetic state. In the case of L3* = Pr’* the
Curie temperature increases from ~ 140 to ~ 320K [18].
In both the disordered and ordered cases, the MR effect is
observed at temperatures slightly below T..

Recently, the manganites with L3*/Ba?" % 1/1 cation
ratio have been investigated [8]. The ferromagnetic prop-
erties in ground state have been observed for the A-site
ordered La,_,Ba,MnO; samples with X = 0.44, 048. The
ferromagnetic and antiferromagnetic 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 ~ 180K and a
stable and complex antiferromagnetic charge ordered phase
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at temperatures below ~ 120 K. For the x = 0.52 sample,
a similar charge ordered state has been observed within a
narrow temperature range at ~ 180K before it disappeared
in favor of a more stable antiferromagnetic A-type orbital
ordered phase [19]. So it is very interesting to study the
mechanism of the A-site ordering and magnetic properties
of the manganites with L>"/Ba’" > 1 cation ratio. In
present paper we have selected the Nd, 5,Ba,, ;,MnO; solid
solution. The granular size effect on the magnetotransport
properties of the A-site ordered manganites is also curious.
It is observed [20] by the Rietveld analysis of the powder
X-ray diffraction data of the phase-pure nanopowders
La, (;Ca, ;3MnO; that the particle size reduction leads to
a significant contraction of the unit cell volume and a
resuction of the unit cell anisotropy. We propose that
these two effects A-site ordering and formation of nanosized
granules are responsible for the observed enhancement
in Te.

2. Experimental section

The starting A-site disordered Nd, . Ba;;,MnO; (I)
manganite has been obtained from high purity oxides
and carbonate: Nd,O;, Mn,O; and BaCO,. At first
the oxides and carbonate have been mixed with design
(Nd3*: Ba?*: Mn** =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 2h to remove a moisture and car-
bonic acid. Final synthesis has been carried out at 1550°C in
air during 2 h. After synthesis the samples have been slowly
cooled 100°C-h~! in order to receive the stoichiometric
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oxygen content. The air-prepared Nd; ,,Ba, ;,MnO, sample
has been treated in an evacuated soldered silica tube
at 800°C during 24h using Ta as oxygen getter down
to ,,0, ¢ state:

Nd0'70Ba0.30MnO3 + 0 16 Ta —
— Nd0'70BaO.30Mn02'60 + 008 T3205 . (1)

The anion-deficient ngﬁOBaggoMnf%;OO%.go sample is
characterized by the partly ordered Nd** and Ba?* cation
location and the pyramidal Mn?*/ Mn?* layers, sandwiched
between alternating Nd3* oxygen-free and Ba?* oxygen-
filled layers along the [001] axis. To lower a relative error
of oxygen content measurements the weight of the sample
placed in silica tube has been ~ 3 g.

The anion-deficient A-site ordered Nd, ;,Ba,;,MnO, ¢,
sample has been oxidized in air at 800°C during 8h up
to the oxygen-stoichiometric ,,0;* state, where the A-site
ordering remains:

Nd,) 79Ba; 30MnO, o + O, — Nd, 79Baj 30MnO; (2)

So two step reduction-reoxidation procedure has
been wused to obtain nanosized ceramic manganite
Nd, 5,Ba; ;(MnO, (II). The microstructure of all the ob-
tained samples has been studied by NANOLAB-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 the obtained samples
are well crystallized with homogeneous chemical content.
The oxygen content of all the products has been deter-
mined by thermogravimetric analysis. So the chemical
formula for all the examined samples may be written
as Nd;;oBag 30)MnO;_5, 0. X-ray powder diffraction
data have been recorded at room temperature with
a DRON-3M diffractometer in Cu-K, radiation in angle
range 20° <260 < 80°. The magnetization measurements
have been made using an OI-3001 commercial vibrating
sample magnetometer in the temperature range 4.2—350 K.
The temperature dependences of the specific magnetization
have been measured in weak field during heating after field
cooling (FC) mode. The Curie temperature (T.) has been
defined as an inflection point of the FC magnetization. The
resistivity was studied in a temperature interval from 77
to 350K wusing the standard four-point-probe technique
and the samples with ultrasonically applied indium eutectic
contacts. The negative isotropic MR has determined as:

MR = {[o(H) — p(0)}/p(0)} - 100% 3)

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

3. Experimental results and discussion
The microstructure investigations have shown that the as-

prepared Nd, ,,Ba, ;,MnO; (I) sample has well crystallized
grains with average diameter (D) ~ Sum (Fig. 1,a). The
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grains exhibit a certain size distribution. It is estab-
lished that the annealing of the as-prepared sample in
the reductive P[O,] ~ 10~*Pa atmosphere at the mode-
rate T = 800K temperature up to nominal composition
Nd, 5oBa, 30MnO, ¢, leads to the degradation of the ceramic
and the formation of nanometric (D) ~ 100nm grains
(Fig. 1,b). Tt is probably the appearance of the oxygen
vacancies and intensive cation exchange destroy the initial
grains. The nanograins combine to form a certain mosaic
structure, which is common for the entire polycrystalline
sample. The grain size determines, to a certain extent,
the properties of the crystal structure. A decrease in the
grain size to the nanodimensional level is accompanied by a
certain decrease in the unit cell volume, which is explained
by an increase in the forces of surface tension relative to the
bulk elastic forces [21].

The oxidation of the anion-deficient Assite ordered
Nd, ,0Bay 30MnO; sample in the air at the moderate
T = 800K temperature leads to the formation of the
oxygen-stoichiometric A-site ordered Nd,, ;,Ba, ;,MnO; (II)
one and does not change of the nanometric dimension of
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WD =25 mm

Figure 1. The scanning electron micrographs: @ — for the micro-
sized Nd, ;9Ba; 30)MnO; and b — for nanosized Nd, ;oBa; ;0MnO;
samples.
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the grains. It should be noted the diminution of the grain
average diameter leads to two competitive processes: 1) the
weakening of the ferromagnetic properties owing to distor-
tion of the exchange interactions on the grain surface [22,23]
and 2) the strengthening of the ferromagnetic properties
owing to compression of the unit cell under the influence of
the surface forces [24,25]. In extreme case the former leads
to the formation of the spin glass state, while the latter leads
to the increase of T..

The powder X-ray diffraction results have demonstrated
that the as-prepared Nd, ,,Ba, ;,)MnO; (I) sample has an
pseudocubic unit cell. No additional reflections indicating a
presence of impurity structural phases have been detected.
The parameter of the unit cell for (I) sample is @ = 3.884 A.
The crystal structure of the oxygen-stoichiometric A-site
ordred Nd, ;,Ba, ;)MnO; (II) sample can be described by
a tetragonal perovskite phase with parameters a = 3.889 A
and ¢ = 7.731 A. The tetragonal symmetry is in agreement
with the Nd3* and Ba?* cation ordering on the Assite of the
perovskite cell.

It should be noted that the unit cell volume of the
anion-deficient A-site ordered phase much larger one than
for the as-prepared phase. This is caused by increasing
manganese ion size as result of its oxidative state decrease
Mn** — Mn?*, although an appearance of oxygen vacan-
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Figure 2. ¢ — FC magnetization and b — resistivity with magne-

toresistance vs. temperature for the microsized Nd, ;oBay 30MnO;
sample.
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Figure 3. a — FC magnetization and b — resistivity with magne-
toresistance vs. temperature for the nanosized Nd, ;oBaj 30MnO;
sample.

cies and decreasing coordination number of manganese
ions have to decrease of the unit cell volume. It is well
known that Mn** (HS) effective ionic radius in octahedral
oxygen coordination is 0.645A, while it in pentahedral
one — 0.580A [26]. For the Mn?>* (HS) ions the
effective ionic radii are following 0.830 and 0.750 A for
the octahedral and pentahedral coordination, respectively.
The oxygen-stoichiometric A-site ordered phase has the unit
cell volume smaller than one for the as-prepared phase.
This compression of the unit cell may be explained by
as the ordering of the A cations and the formation of the
nanograins. The compression of the unit cell produces the
enhancement of the exchange interactions as a result of
lessening of average (Mn—O) bond length and increasing
of average (Mn—O—Mn) bond angle.

The results of the FC magnetization as well as mag-
netotransport measurements vs. temperature for the (I)
and (IT) samples are presented in Fig. 2 and 3. The as-
prepared Nd, ;,Ba, ;yMnO; (I) sample is characterized by
the Curie temperature ~ 140K (Fig. 2,a). The transition to
a paramagnetic state is well defined, which is characteristic
of homogeneous magnetic materials. The (I) sample
have an insulator type of the electrical resistivity and
insulator—metal transition at 135K (Fig, 2,b). At this
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temperature in field of 9 kOe the peak of magnetoresistanse
of ~ 50% is observed.

The oxygen-stoichiometric Assite ordered
Nd, ;oBa; ;(MnO; (II) sample has Curie temperature
~ 310K, which is more than two times as large as for
the as-prepared sample (Fig. 3,a). It is well shown that
the (II) sample has one more magnetic transitions at low
temperature ~ 120K. For the (II) sample the peak of
magnetoresistance of ~ 7% in field of 9kOe is observed
around 310K (Fig. 3,5).

For the (II) sample the spontaneous magnetic moment
is ~ 3.0ug/fu. that is some below than one for the as-
prepared (I) sample. This fact is explained by the formation
of nanograins. On the surface of grain the exchange inter-
actions are distorted and total magnetic moment decreases.
In the case of nanograins this is especially visible.

Nanosized effect produces the reduction of the unit cell
and as consequence the increase of intensity of exchange
interactions between Mn** and Mn** ions [27]. We have
to underline that nanosized effect on magnetotransport
properties of manganites is similar to external hydrostatic
pressure one. This is remarkable result since this materials is
potential candidate for the use as information storage device
operating at the room temperature.

4. Conclusion

The high-quality ceramic Nd,, ,,Ba, ;,MnO; with the con-
trolled chemical phase content and microstructure has been
obtained. It is established that the annealing in the reduction
P[O,] ~ 10~*Pa atmosphere at the moderate T = 800K
temperature leads to the degradation of this ceramic and the
formation of nanometric (D) ~ 100 nm grains. The Assite
ordered manganites with Nd**/ Ba>* >> 1 cation ratio may
be obtained using ,two-step” reduction-reoxidation method
at the moderate T = 800K temperature.  The A-site
ordering and the formation of nanometric grains leads
to considerable changes of the crystal structure and the
increase of the Curie temperature. It is established that the
Nd, -oBaj ;,MnO; (I) sample is a pseudocubic perovskite
whereas Nd, ;,Ba, ;(MnO; (II) — a tetrahedral as conse-
quence of Nd** and Ba?* ions as well as oxygen vacancies
ordering. The (I) sample is ferromagnet with T, ~ 140K.
It has metal—insulator transition at Ty, ~ 135K and peak
magnetoresistance ~ 50% in field of 9kOe. For the
(IT) sample the critical points of phase transitions move
to higher temperatures, T ~ 320K and T,; ~ 310K. The
magnetoresistance of the (II) sample at the room temper-
ature (T ~ 293K) is about 7% in field of 9kOe. Such
considerable 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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