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We have performed magnetization measurements and electron spin resonance (ESR) on polycrystalline manganites

of Ndo.55r0.5—2BazMnO3z (z = 0.1). Phase separation and phase transitions are observed from the susceptibility and
the ESR spectra data. Between 260K (~ T¢) and 185K (~ Tx), the system coexists of the paramagnetic phase and the
ferromagnetic (FM) phase. Between 185K and 140 K, the system coexists of the FM phase and the antiferromagnetic

(AFM) phase. These results indicate that the system has a very complex magnetic state due to the origin of the

instability stemming from manganite Ndg.5Srg.4Bag.1MnO3 by partially substituting the larger Ba2?t ions for the

smaller Sr2t ions.

Keywords: manganite, electron spin resonance, phase separation

PACC: 7530G, 7630, 7530V

1. Introduction

In recent years perovskite-type manganites have
aroused considerable interest particularly due to their
complex magnetic and transport properties, such
as ferromagnetism (FM), antiferromagnetism (AFM),
charge/ orbital ordering, phase separation.l! 3 For
the hole-doped manganites Ln;_,AE,MnOs (Ln =
La, Pr, Nd; AE = Ca, Sr, Ba) with a fixed = (constant
Mn?*+ /Mn** ratio), when the oxygen stoichiometry is
controlled, the magnetic and the transport properties
are very sensitive to the average ionic radius of the
A site cations, < 74 >, and the A-site size mismatch,
02.145] Generally, substituting the A-site trivalent rare
earth by divalent Sr or Ba in Ln;_,AE,MnOg3 changes
the filling of the 3d Mn bands, introducing double-
exchange interactions and thereby reducing Jahn-
Teller-type distortions and orbital order,[®7 while Nd
manganites exhibit an unusual A-site effect compared

with other systems like Ln = La, Pr.[8:9]

For example,
in the undoped Ndg 55rg5MnO3z compounds with <
ra >=0.1236 nm and 02 = 5.4x 1075 nm?, the ground
state that is of a ferromagnetic metal (T¢ ~ 250K)

transforms to a charge-ordered (CO) state on cool-

ing to 150 K. After being substituted partially by Ba
for Sr, the sample of Ndg 55r9.4Bag.1MnO3 changes its
parameters < r4 > and o? into < r4 >= 0.1252nm,
and 62 =1 x 10~* nm?2.[10-12] Ag a result, the simul-
taneous increases of both < r4 > and o2 induce the
phase separation phenomena due to the competition
between the charge-orbital ordered AFM phase and
the double exchange ferromagnetic-metallic phase in-
teraction. At present, there are a few studies about
the Ndg.5Srg5_.Ba,MnO3z compounds of the half-
doped Nd manganite system, which are related to the
complex magnetic transitions states of Ba.[11:13=15] Tp
order to understand the influence of the increase of A-
site radius < r4 > when Ba is substituted for Sr, we
use the electron spin resonance (ESR) to study the Ba
doped Ndg 5519 5MnO3. ESR is a powerful technique
that is sensitive to the various properties of magnetic
correlations on a microscopic level, and convenient
to clarify the complex magnetic state in doped man-
ganese perovskites. The experiment was done at tem-
peratures ranging from 100 to 300 K.['6:17] The ESR
results shows that the doped Ndg.5Srg.5_»Ba;MnO3
exhibits complex magnetic state due to partially sub-
stituting Ba?* ions for Sr2* ions.
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2. Experiment

The polycrystalline sample of Ndg 5Srg.5_.Bay
MnOj3 (z = 0.1) was prepared by using the con-
ventional solid-state reaction method. The oxides
Nd;03, SrCO3, BaCOs, and MnCOj3 (with purities
higher 99.9%) were used as the starting materials.
The mixture was prefired in air at 1000°C for 24 h.
The ball-milled powder was pressed under pressures
up to 10 MPa, then compressed into pellets and sin-
tered in air at 1350°C for 33 h. The phase purity was
tested by x-ray diffraction (XRD). The data for mag-
netization were collected by using a superconducting
quantum interference device (SQUID, Quantum De-
sign, MPMS-7) magnetometer under a 100 Oe (1 Oe
~ 79.577 A/m) magnetic field. The ESR measure-
ments were performed at 9.51 GHz with a JEOL JES-
FA200 ESR spectrometer in a temperature range of
100-300 K.

3. Results and discussion

Figure 1 shows the typical powder XRD patterns
for the prepared sample. By Rietica refinement for the
XRD, it is clearly seen that the diffraction peaks are
sharp and asymmetrical, showing that the sample is of
a single phase. The XRD patterns can be indexed as
an orthorhombic distorted perovskite structure with
space group Pbnm.
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Fig.1. XRD patterns for the sample Ndg.5Srg.4Bag.1
MnOs at room temperature. Upper curve: data and fit,
with difference plot below. Bottom ticks indicate nuclear
peaks corresponding to the Pbnm space group.

The temperature dependence of the magnetiza-
tion M(T) curve is shown in Fig.2. The magnetiza-
tion was measured with the zero-field-cooling (ZFC)

mode and the field-cooling (FC) mode for the sam-
ple in a temperature range from 5 to 350 K. At 260 K,
the magnetization starts to increase rapidly with the

Below 260K, the FC and
the ZFC magnetizations are separate from each other.

decrease of temperature.

These results imply the onset of FM ordering within
clusters occurring at T¢ = 260 K. As temperature fur-
ther decreases, the magnetization shows a peak at
The de-

crease of magnetization not only exhibits the pres-

Tn =~ 185K and then drops continuously.

ence of a FM-AFM phase transition, but also im-
plies the formation of a charge ordering (CO) state.
With the decrease of temperature, the FM phase tends
to reduce while the AFM phase becomes dominant,
there remains a small fraction of FM states that sur-
vive in the AFM environment. Obviously, the doped
sample shows a behaviour similar to the undoped
compound.['*:8] But the magnetic transition temper-
atures (Tc ~ 260 K, Ty ~ 185 K) become higher. This
is due to the doping Ba?* ions that contribute to the
motion of charge carried.
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Fig.2. Temperature dependence of the magnetization M
in a 100 Oe field for Ndg.5Srg.4Bag.1 MnO3.

ESR spectra for the
Ndg.5Srg.4Bag.1MnO3 powder sample in a tempera-
ture range from 100 to 300 K. Above 260K, a sin-
gle line is observed in the spectra. As temperature

Figure 3 shows the

decreases below 260 K, an additional line appears on
the lower side of the main paramagnetic line (PMR)
that is a ferromagnetic resonance line. Upon further
decreasing the temperature, the ferromagnetic reso-
nance line grows up and continually moves towards
low field regions. But the paramagnetic resonance
line becomes weaker and disappears at about 185K
(~ Tn). Below 185K, a high-field resonance line ap-

pears which should correspond to antiferromagnetic
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resonance line. Between 185 and 140K, there occur
two signals in the spectra at the same temperature.
Below 140K, the FMR signal disappears and the sys-
tem enters into an entire AFM state.

ESR signal

Magnetic field/T

Fig.3. Electron spin resonance spectra of Ndg.5Srg.4Bag.1
MnO3s compound at different temperatures, where the ar-
row indicates the peak position.

The ESR spectra are fitted to the Lorentzian line
shape function. The line shape parameters, including
the resonance field and linewidth, are extracted from
the fits.'9=21 The temperature dependence of the g-
factor geg obtained from the resonance field is shown
in Fig.4(a). Above T = 260K, the gog value is close
to 2 and shows weak temperature dependence in con-
trast with that of the undoped Ndg 5SrgsMnOg, in
which the g value increases dramatically in the para-
magnetic state and it is attributed to the formation of
magnetic clusters. This indicates that the doping of
Ba2t suppresses the formation of FM correlations in
the paramagnetic state. As temperature further de-
creases, the g value increase significantly, which is an
unambiguous signature of the presence of ferromag-
netic correlations. When temperature is lower than
150 K, the g value begins to decrease rapidly. This is
due to the disappearance of the FM correlation be-
low 140K, in consistent with the behaviour seen in
the ESR spectra. Figure 4(b) shows the linewidth
AH,, for the spectra. In a high temperature region,
the linewidth shows a weak temperature dependence.
However, as temperature decreases from the FM tran-
sition close to Ty, the linewidth becomes broader

Conversely, below 150K, the abrupt de-
crease is consistent with the disappearance of FM

obviously.

phase and the appearance of entire AFM state of the

system. [22,23]
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Fig.4. Temperature dependence of ESR spectra parame-
ters: (a) g-factor, (b) linewidth, (c) intensity.

ESR intensity is another important parameter
that can be used to identify the nature of the ions
contributing to the resonance in the paramagnetic
state.2425] The intensity of the ESR spectrum, which
is proportional to the number of paramagnetic spins,
is the area under the absorption curve. Here we
use the double integration to calculate the intensity.
The temperature dependence of the intensity is shown
in Fig.4(c).
Tn =~ 185K and then decreases as temperature fur-

The intensity increases gradually above

ther decreases to 100 K. The temperature dependence
of intensity is very similar to that of the susceptibility
shown in Fig.2, giving evidence that all Mn ions con-
tribute to the spin susceptibility. The broad peak near
Tn should be attributed to the competition between
the FM phase and the AFM phase.

The Ndg5Srg.sMnO3 compound has an FM
metallic state (Tc = 250K), which transforms into
a CO CE-type AFM state on cooling down to
150 K.[13:20] The study of compound shows that the in-
creases of < r4 > and o2 lead to the decrease of crys-
tal structural distortion, a magnetic transition, and
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a phase separation at low temperatures. In contrast
with Ndg 5Srg.sMnQO3, the Ndg 5Srg 4Bag.1 MnO3 com-
pound exhibits two magnetic transition temperatures,
T¢ and Ty, increasing (Tc = 260K and Ty = 185 K).
When the Ba?t cations are embedded in the pseu-
docubic perovskite matrix with disordered cations, the
change of the Mn—O—Mn bond angle is dominated by
Ba?t cations doping on A-site, thereby leading to not
only the increasing of Mn?+-O-Mn** bond angle, but
also the strengthening of FM coupling and the increas-
ing of the curie temperature from 250 to 260 K. At the
same time, Ba+ doping also results in the increasing
of Mn*+-O-Mn** bond angle, and the strengthening
of AFM coupling, and the increasing of the Néel tem-
perature from 150 to 185 K.

4. Conclusions

The temperature dependence of ESR spectra of
doped Ndg 5Srp 5-,Ba,MnO3 (z = 0.1) is reported.
Above Tg, the compound is paramagnetic and ESR
spectra consist of a single Lorentzian line. With Ty <
T < T, in the system there coexist the paramagnetic
phase and the ferromagnetic (FM) phase. Phase sep-
aration is evidenced for Ndg.5Srg 4Bag.1MnOs. Var-
ious parameters of the ESR signals like geg value,
linewidth and intensity are sensitive to, typically
dependent on temperature and definite signatures.
Consequently, our electron spin resonance study of
Ndg.5Srg.4Bag.1MnO3 polycrystalline shows the com-
plex nature of the paramagnetic phase and the tem-
perature evolution of coexisting ferromagnetic and an-
tiferromagnetic phase.
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