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Abstract

This paper reports influences of cobalt (Co) substituted at Mn-site of Pro7sNao.2sMn1xC0xOz and Ndo.7sNao.2sMn1yCoyOs3 on structure,
electrical transport and magnetic properties. All of the samples were prepared via standard solid state reaction method. X-ray diffraction
measurement indicates that all samples were crystallized in an orthorhombic structure (space group Pnma). Resistivity measurement
displays the x = 0 sample manifests an insulator behavior while metal-insulator transition was found at 108 K and 84 K for x = 0.02 and
0.05 respectively for Pro.7sNao.2sMn1xCoxOs. On the other hand, all of the samples for Ndo.7sNao.2sMn1-yCoyOs showed insulator behavior
down to low temperature and analysis of the resistivity change with respect to temperature, dinp/dT-! versus T reveals a slope changes of
resistivity have been recorded. Two obvious peaks were recorded from the analysis for y = 0.02 and 0.05 which can be suggested to the
existence of charge order transition at the vicinity. For magnetic properties, x = 0 sample showed a paramagnetic-antiferromagnetic tran-
sition and further substitution of Co, x = 0.02 and 0.05, induce the paramagnetic-ferromagnetic transition and antiferromagnetic arrange-
ment respectively. Meanwhile, further substitution of Co, y = 0.02 and 0.05 indicate antiferromagnetic transition with increasing Tn as Co

increased.
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1. Introduction

Rare-earth perovskite manganite with the compositional formula
of R1xAxMnOs where R is trivalent rare earth and A is divalent
alkaline earth ions have caught much interest due to their interest-
ing electrical transport and magnetic properties such as colossal
magnetoresistance, charge ordering and metal to insulator behav-
ior [1-5]. In manganite compounds, the coexistence of ferromag-
netic to paramagnetic transition at Curie temperature (Tc) and
metal to insulator transition temperature at metal-insulator tem-
perature (Tmi) are usually interpreted by Zener’s double-exchange
(DE) mechanism due to the mixed valency of the manganites. This
mechanism involves simultaneous hopping of an electron (eg)
from Mn3* to O% and from O% to Mn**if the manganese core spins
in parallel alignment are ferromagnetically coupled [6]. However,
DE mechanism is insufficient to explain the complex behavior of
the manganite compounds and other properties such as Jahn-Teller
(JT) effect and charge ordering (CO) were also responsible in
providing information [7]. The JT effect can be described as the
degeneracy of the eg and tzq orbitals in Mn3* ions and split into
two sublevels due to the crystal field splitting which disturbs the
MnOs arrangement and favors the localization of eq electron. The
localization of the charge carriers will decrease the mobility of the
charge carriers, weakening the DE interaction and metallic behav-
ior is reduced [8-10]. Based on previous study, the existence of
CO is always found in the half-doped manganites in which the
ratio of Mn3* to Mn** is 1:1 where the ions arranged themselves in
an ordered arrangement reported in several divalent doped manga-

nites such as LaosCaosMnOs [11,12], ProsCaosMnOs [13] and
Ndo.sCaosMnOs [7]. In addition, the existence of CO state also can
be observed in monovalent doped manganite. For instance, the
charge ordering temperature (Tco) for NdosNao2sMnOs and
Pro.7sNao.2sMnQs are recorded approximately at 170 K and 220 K
respectively [14,15].

On the other hand, small substitution of magnetic Co®* at the Mn
site of the manganese compound is believed to alter the properties
due to the modification of Mn3*-0>Mn** network [16-18]. It is
well known that cobalt shoes different spin states resulting from
the competition between values of crystal field splitting and

Hund’s coupling energy; low spin states ('[jg e; S =1 for Co*
and t:g es S = 0 for Co®), the intermediate spin state (tfg e; S=

1 for Co®* and the high spin state (tjg e: S = 3/2 for Co?* and

4
t,
can suppress the CO state and revive the insulator to metal transi-
tion. Liu et al. also have reported the substitution of Co3* in Ndo.7s.
Nao2sMnOs caused the suppression of the CO state and induced
the ferromagnetic as well as metal to insulator transition. Further
substitution of Co®" shows the Twmi shifted to lower temperature
and the ferromagnetic state is hindered [13]. Besides, the Co sub-
stitution on NdosSrosMnOs also diminished the ferromagnetic-
metallic state as reported by Kundu et al. [19] Interestingly, the
magnetic Co substitution on monovalent doped manganites have
been reported by several studies. Pollert et al. reported Co?* ions

e: S =2 for Co®) [19]. It is reported magnetic Co substitution
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acted as local defects in ProsNai2MnOs and the CO state is sup-
pressed for x = 0.04 due to the enhancement of DE interaction
while further increase of Co?* concentration supports ferromagnet-
ic DE interaction [20]. Similar observation also have been report-
ed by Pollert et al. for lower concentration of Co%" (x = 0.04) in
Ndo.sNao.2Mn1-xCoxOs [21].

It is suggested that substitution of Co®* for Mn3®* decreases the
ratio of Mn3* to Mn** which interrupts the ionic arrangement and
alter the physical properties. However, the mechanism behind the
role of Co in monovalent doped manganites are still debatable
since the reports are still limited. To the best of our knowledge,
study on the substitution of Co at the Mn site of Pro.7sNao.2sMnOs3
and Ndo.7zsNao.2sMnOs compounds have not been reported yet. In
this study the effect of Co®* substitution at the Mn site on structur-
al, electrical transport and magnetic properties of Pro.7sNao.2sMni-
xC0x03 (0<x<0.05) and Ndo.7sNao.2sMn1yCo0yOs (0<y<0.05) have
been investigated.

2. Materials and Methods

Two series of polycrystalline samples Pro.7sNao.2sMni1-xC0xO3
(0=x<0.05) and Ndo.7zsNao.2sMn1yCoyO3 (0<y<0.05) were synthe-
sized via the solid state reaction method. The stoichiometric
amounts of high purity (>99.99%) Pr20s, Na2COs, MnO: and
Co020s for Pr-based and Nd203, Na2COs, MnOz and Co203 for Nd-
based were mixed, ground and calcined at 1000 °C for 24 hours
followed by several intermediate grindings. The powders were
pressed into pellets and sintered at 1200 °C for 24 hours after the
final grinding. The phase of the samples was characterized by X-
ray diffraction (XRD) technique employing a Bruker D8 Advance
at room temperature with Cu-Ka radiation which were operated at
40 kV and 40 mA. The peaks obtained have been analysed by
X’Pert HighScore program which were identified from the Inter-
national Centre for Diffraction Data (ICDD) database. The electri-
cal transport behaviour was carried out by the standard four-point
probe technique by increasing the temperature starting from 25 K
to 300 K in a Janis model CCS 350ST cryostat without magnetic
field. The measurement of AC magnetic susceptibility were car-
ried out utilizing a CryoBIND-T system in conjunction with a
SR830 lock-in-amplifier and an oscillator at 240 Hz in the temper-
ature range of 50 K to 300 K.

3. Results and Discussion

3.1. Structural analysis

The XRD patterns of the synthesized Pro.7sNao.2sMnixCoxO3
(0<x<0.05) samples at room temperature are shown in Figure 1.
All of the samples are crystallized into orthorhombic structure
with Pnma space group which reliable with the structure as report-
ed from the previous study [22].
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Fig. 1: XRD patterns for Prg 5Nag 2sMn;.C0403 (0<x<0.05).

Table 1 indicates the values of the lattice parameters and unit cell
volume (V) of each samples. It can be seen from the table that
lattice parameters decrease with the increasing Co content. The
decrease of the V also is assumed to be due to the substitution of
smaller Co%* (0.61 A) for Mn®* (0.645 A) [23]. Besides, the de-
creasing value of V also is supposed due to conversion of Mn®*
into Mn** (0.53 A) as substitution of ions at the Mn site disturbs
the Mn3+*-O%-Mn** directly [24].

Table 1: Lattice parameters and unit cell volume of Prg75Nag 2sMn;.4C0¢O3
(0<x<0.05).

Lattice parameters \Y
Sample a(A) b (A) c(A) (A
+0.001 +0.002 +0.001 0.1
x=0 5.446 7.696 5.445 228.2
x =0.02 5.444 7.690 5.443 227.9
x =0.05 5.443 7.680 5.444 227.6

On the other hand, the X-ray patterns conducted at room tempera-
ture of all the Ndo.7sNao2sMn1yCoyOs (0<y<0.05) samples are
shown in Figure 2. All the diffractograms were indexed to the
orthorhombic structure with Pnma space group which agrees to
the previous report [25]. Table 2 shows the value of lattice param-
eters and V of each Co substituted in Nd-based. The lattice param-
eters and V seems to be decreased with increasing of Co3* content
which can be suggested due to the successful replacement of Co%*
that having smaller ionic radius into Mn site in the lattice structure
[26].
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Fig. 2: XRD patterns for Ndo7sNao2sMn;.,C0,03 (0<y<0.05).

Table 2: Lattice parameters and unit cell volume of Ndo7sNag2sMn;.,Coy.
05 (0=y=<0.05).

Lattice parameters \
Sample b (A) c(A) (Ay?
a(R0001 | 4600 £0,001 +0.1
y=0 5.522 7.670 5.431 230.0
y =0.02 5.417 7.649 5.413 224.3
y =0.05 5.403 7.640 5.400 222.9

3.2. Electrical transport properties

Figure 3 depicts the resistivity versus temperature, p(T), plot of
the Pro.7sNao.2sMn1.xCoxO3 samples. It is evident from this plot that
x = 0 sample displayed an insulating behaviour over the tempera-
ture range as there is no distinct peak indicating the absence of Ml
transition. Further substitution of Co3", x = 0.02 and x = 0.05
samples showed a distinct metal-insulator transition at 108 K and
84 K respectively suggestively due to the DE mechanism. Mean-
while, the shifting of MI transition to lower temperature as in-
creasing Co®* concentration could be assumed due to replacements
of Co ions at Mn site and cause the depletion of the Mn ion ratio,
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hence weakening the DE mechanism and contributes to the de-
struction of long range ferromagnetic order [25,27,28].
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Fig. 3: Temperature dependence of electrical resistivity of ProzsNag2sMn;.
«C0x03 (0 < x <0.05).

Figure 4 shows the temperature dependence of the electrical resis-
tivity for the Ndo.7zsNao.2sMn1yCoyOs (0 <y < 0.05) samples. All of
the samples showed an insulating transport behavior over the tem-
perature range. An indistinct slope of change was observed below
200 K and a plot of ding/dT vs T was constructed around the
vicinity of temperature as indicated in inset of Figure 4. Two dis-
tinct peaks were observed clearly at temperature around 200 K and
235 K for y = 0.02 and y = 0.05 samples respectively from the
analysis of dInp/dT-1 vs T curve (Inset Figure 4). Such observation
can be suggested due to the existing of CO state as the peaks lo-
cated in the of the charge ordering transition temperature
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Fig. 4: Temperature dependence of electrical resistivity of Ndg7sNag2sMn;.
yC0,03 (0 <y <0.05). Inset is dInp/dT* vs. T for Ndp 75Nap 2sMn1.yC0,0s.

3.3. Magnetic properties

Figure 5 illustrates the effects of the Co substitution on the tem-
perature dependence of AC susceptibility for Pro.7sNao.2sMn1-xCo-
xO03 (0<x<0.05) samples within the temperature range of 50 K —
300 K. The unsubstituted (x = 0) sample exhibits paramagnetic
behavior at high temperature and followed by antiferromagnetic
transition defined by a declined in y around Tn ~ 134K. The Tn
recorded for this sample was lower compared to the previous re-
port which was stated at around 180 K [30]. The differences be-
tween the obtained Tn in this study and as reported by other re-
searcher can be assumed by the microstructure effect of the sam-
ple as reported by other researchers [31,32]. On the other hand,
paramagnetic to ferromagnetic transition was observed for sample
x = 0.02. The Tc value was determined from the temperature cor-
responding to the minimum value from the derivative of suscepti-
bility (dy/dT) vs temperature curve. The analysis of dy/dT vs T for

x = 0.02 sample revealed the Tc approximately at ~ 120 K as indi-
cated in inset of Figure 5. Such observation can be suggested due
to the DE mechanism arised from the ratio of Mn3* and Mn** [33].
However, the substitution of Co for x = 0.05 unveiled the para-
magnetic-antiferromagnetic transition along the temperature range
with Tnapproximately at 113 K. This can be suggested due to the
weakening of DE interaction and superexchange antiferromagnetic
interaction takes place down the temperature range [34].
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Fig. 5: Temperature dependence of AC susceptibility of Prg7sNag2sMn;.
«CoxOz with (x = 0, 0.02 and 0.05). Inset is dy/dT vs T for ProzsNagsMn.
0.98C00,0203.

Figure 6 shows the temperature dependence of AC susceptibility
of Ndo.7sNao.2sMn1.yCoyOs with (y = 0, 0.02 and 0.05). The pres-
ence of CO was observed approximately at 170 K as indicated in
the inset of Figure 6 which agreed with previous study [35]. The y
= 0 sample exhibits paramagnetic behavior as the temperature
decreased. Further substitution of Co at the level of y = 0.02 and
0.05 induce the antiferromagnetic transition with Tn~ 101 K and
108 K respectively. This can be explained by assuming the super-
exchange interaction takes place as the concentration of Co®* in-
creased [36]. The increasing values of T pointed to the possibility
of enhancing the charge ordered state as CO always linked to the
antiferromagnetic interaction and this result complied with in-
creasing values of so-called Tco in electrical resistivity data.
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Fig. 6: Temperature dependence of AC susceptibility of Ndo.zsNag2sMny.y-

Co,Ozwith (y = 0, 0.02 and 0.05). Inset in the enlargement data of temper-
ature dependence of AC susceptibility fory = 0.

4. Conclusion

In conclusion, the influence of magnetic Co3* at Mn site for Pro.zs.
Nao.2sMn1xCoxO3  (0<x<0.05) and  Ndo.7sNao.2sMn1.yCoyO3
(0<y<0.05) on structure, electrical transport and magnetic proper-
ties have been investigated. From the study conducted, both com-
pounds, Pro.7sNao.2sMn1-xC0xO3 and Ndo.7sNao.2sMniyCoyO3 were
indexed to orthorhombic structure with Pnma space group. For
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electrical transport, for Pro7sNao2sMn1xCoxQs, the decreasing
value of Tw as the Co concentration increased were suggested due
to the weakening of DE interaction. Meanwhile, analysis of
dinp/dTt vs T from the resistivity measurement for
Ndo.7sNao.2sMn1.yCoyOs reveals two obvious peaks at 200 K and
235 K for y = 0.02 and 0.05 respectively indicating the probability
of the existence of CO state in the samples. For magnetic proper-
ties, the x = 0 sample exhibits paramagnetic followed by antifer-
romagnetic arrangement and paramagnetic-ferromagnetic transi-
tion was observed for x = 0.02 which was suggestively due to the
enhancement of DE mechanism. On the other hand, the induce-
ment of antiferromagnetic arrangement was observed for y = 0.02
and y = 0.05 with Tn ~ 101 K and 108 K respectively.
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