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Abstract

Monovalent doped Pro.7sNao.2syAgyMnOs (y = 0-0.10) manganite have been investigated using X-ray diffraction (XRD) and scanning
electron microscope (SEM) as well as DC electrical resistivity and AC susceptibility measurement to clarify the influence of Ag- doped
on charge ordering (CO) state. XRD analysis revealed all samples consists of essentially single phase and crystallized in an orthorhombic
structure with space group Pnma. SEM images of Pro.7sNao.2syAgyMnOs compound shows the successful substitution of Ag* ions with
the enhancement of the grains boundaries and sizes as well as the compaction of particles. On the other hand, resistivity and
susceptibility measurements showed that the y = 0 sample exhibits insulating behavior and anti-ferromagnetic. Interestingly, the
ferromagnetic-metallic transition was observed for y = 0.05 due to the revival of double-exchange (DE) mechanism as a result of
weakening the Jahn-Teller effect which caused the CO state to be weakened. However, increasing of Ag-doped up to y = 0.10 induce

back its transition into anti-ferromagnetic insulating behavior suggestively due to the weakening of DE mechanism.
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1. Introduction

This Hole-doped perovskite manganites with the general formula
Re1xAxMnOs where Re is trivalent rare-earth ion (Pr3*, La%*, Nd®*,
Dy?*) and A is divalent (Ca?*, Sr?*, Cr?*) or monovalent (Ag*, K*,
Na*) alkaline earth ions have received remarkable attention since
discovery the Colossal Magnetoresistance (CMR) effect due to
their unique magnetic and transport properties as well as the
potential application at low temperature [1,2]. Commonly, these
behaviors can be associated with the double exchange (DE)
interaction involving the exchange of Mn3* with Mn** which favor
the ferromagnetic metallic (FMM) state [3] and Jahn Teller
interaction that dominated the Mn3* ion causing the behavior of
paramagnetic insulating (PMI) [4] as well as charge ordering (CO)
state. Generally, the CO can be linked to the localization of the
charge and then restrict the electron to hop from one site to
another site causing the manganite to exhibit an insulating or
semiconducting behavior [5, 6]. Among the CO systems, the
Pro.7sNao.2sMnOs has attracted interest due to the existence of CO
transition at a higher temperature compared to antiferromagnetic
(AFM) ordering (Tco~260 K, Tn~160 K) [7,8].

Quite recently, several reports suggest the element substitution at
A-site of monovalent doped manganites were modified their
average ionic radius of A-site cation < ra > and simultaneously
affected the magnetic and electrical transport properties of
compound [9,10]. For example, substitutions of K* ions at A-site
of Pro.7sNao.2sxKxMnOs shows the interesting phenomena where
the increment of K* ions suppress the CO state as well as induce
the ferromagnetic-metallic transition at lower temperature with
increasing of Tc and Tmi due to the reduction in MnOs octahedral
distortion consequently enhanced double exchange (DE)

mechanism. [11]. Furthermore, the substitution of Ag ions on the
ProsSrosxAgxMnOs was inducing the antiferromagnetic into
ferromagnetic follow by a paramagnetic transition at the lower
temperature due to the variation of both mean radius of A-site and
rate of Mn®*/Mn** with the increment of Ag concentration. [12]
On the other hand, scanning electron microscope (SEM)
measurement have been useful in providing valuable information
on the surface morphology of the compound including
manganites, which can help to give a better understanding,
especially on the morphological study [13, 11]. For instance, the
substitution of Cr3* and Co®* at Mn site of the Pro.zsNao.2sMnOs
were changed the surface morphology of the samples especially
on the grain  boundary and grain size as well as the porosity of
the samples due to the difference of ionic radius [14, 15]. Thus,
considering all of the above, studies on Pro7sNao.2syAgyMnQs is
expected to provide information about CO states as well as deliver
new information on the morphological study. However, to our
knowledge, the Pro7sNao.2syAgyMnOs system has not been
previously reported.

On this study, the transition element of silver with single ion was
substituted at the A-site of the Pro.7sNao.2s-yAgyMnOs in order to
investigate its effect on the structure and surface morphology as
well as electrical and magnetic properties. In addition, values of
density and porosity are also presented and discussed.

2. Experiment Methods

The Pro7sNao2syAgyMnOs (y = 0, 0.05 and 0.10) manganite
samples were synthesized using the conventional solid-state
reaction method. The powders with high purity ( > 99.99%) of
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Table 1. Ml transition temperature (Tw), Curie temperature (Tc), Neel temperature (Ty), lattice parameters, unit cell volume (V), density (D) and porosity

(C) of Pro,75Nao,25.yAgyMn03 (0 <y< 010)

Samples Twi (K) Tc (K) Tn (K) Lattice parameter V(A) D(g/cm?®) C (%)
+0.1 +0.1 +0.1 +0.001 +0.1 +0.01 +0.01
a(A) b (A) c(A)
y=0.0 - - 125.0 5.432 7.680 5.451 2274 6.26 6.31
y =0.05 110.0 123.0 - 5.437 7.697 5.452 228.1 6.41 3.68
y =0.10 - - 126.0 5.459 7.705 5.455 229.5 6.54 1.01

Pr20s, Na2COs, Ag20 and MnO2 were carefully mixed and ground
in appropriate stoichiometric ratio follow with calcination process
at a temperature of 1000°C for 24 hours with one intermediate
grinding. The calcinated powders were pressed under 5 tones into
pellet form with a 13 mm diameter and 2—-3 mm thickness. Finally,
the pellets forms were sintered at 1200°C for 24 hours in air. The
samples were examined using powder X-ray diffraction (XRD)
Bruker D8 Advance model with Cu Ko radiation (1.5440 A) at
room temperature in order to determine the structure. The surface
morphology of the samples was observed using Hitachi SU1310
scanning electron microscope (SEM) with magnification 5kX. The
AC susceptibility (y) of the samples were carried out using an AC
susceptometer system manufactured by CryoBIND-T system in
conjunction with its real component resolved using a 7265 DSP
lock-in amplifier. The temperature dependent resistivity (p) were
carried out under zero magnetic field using the standard four
point-probe technique contact with silver point where the sample
was placed on the head of a closed cycle refrigerator device Model
CTI Cryogenics at low temperature in a range of 50-300 K. The
values of porosity, C were determined using the following formula
c-1-2
DX

where D is the bulk density using Archimedes principle and Dx is
the x-ray densities calculated from the lattice parameters.

3. Results and Discussions

Figure 1 shows the powder X-ray diffraction (XRD) pattern for
Pro.7sNao.2s.yAgyMnO3z (y = 0-0.10) manganites. XRD analysis
revealed all samples were in single phase and the crystal structure
was indexed as an orthorhombic perovskite-structured whose unit
cell belongs to the space group Pnma reliable with the previous
study that reported the structure [16, 17]. The result from XRD
was analyzed using X’Pert HighScore programme in order to
confirm the crystalline phase of the compound. Table 1 shows the
values of metal insulator (M), transition temperature (Tmi), Curie
temperature (Tc) Neel temperature (Tn), lattices parameter, unit
cell volume (V), density (D) and porosity (C) for all samples. It
was found that the lattice parameter of all samples continuously
increased with Ag content indicate successful substitution of Ag*
in the crystal lattice suggestively due to the difference of ionic
radius [16,18]. Ag* ions with larger ionic radius (rag+ = 1.280 A)
was suggested to substitute Na* ions with smaller ionic radius
(rna+ = 1.240 A). In the present study, the increasing in values of
density (D), as well as decrease in porosity with Ag content,
shows a good agreement with the changing of unit cell volume (V)
indicating a successful substitution of Ag* ions in the system.

The effect of Ag-doped on the surface morphology with the
composition of y = 0-0.10 samples was shown as in Figure 2. The
microstructure and morphology of all samples were analysed
using a scanning electron microscope (SEM) with 5kX
magnification. For y = 0 sample, the grain was found an irregular
shape compared to y = 0.05 and 0.10 samples while the grain
boundaries showed an improvement as the Ag content increase
indicated suggestively successful substitution of Ag* ions in the
compound as a result of a difference in ionic radius between Na*
and Ag*" ions. A similar suggestion was also proposed for
Pro.7sNao.2sMn1«xCrkOs by [14]. In the presence of study, the

improvement of connectivity between grains was also clearly seen
with increasing of Ag doping.
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Fig. 1: X-ray powder diffraction pattern of Pro7sNao 2s.,Ag,MnO;
(0<y<0.10)

Fig. 2: SEM images with 5kX magnification for Pro7sNao2s,Ag,MnO;
samples (a) y =0, (b) y=0.05and (c) y =0.10

Figure 3 displays the result of the temperature dependence of AC
susceptibility (y) measurement for all samples. The AC
susceptibility (") data showed the y = 0 sample exhibits
paramagnetic (PM) to anti-ferromagnetic (AFM) transition at Tn
of 129 K. This is most likely related to the existing of CO state
arising from the ordering of Mn3* and Mn** ions in line with a
previous suggestion for Pro7sNao2sMnOs [11]. Our results also
showed that increasing Ag-doped induced PM to ferromagnetic
(FM)-like with Tc around 124 K for y = 0.05 sample most likely
due to revival of the double exchange (DE) mechanism [12].
However, increasing of Ag-doped up to y = 0.10 suppress back the
ferromagnetic (FM) to AFM states with Tn around 122 K
suggestively due to the
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Table 1: MI transition temperature (7y), Curie temperature (7c¢), Neel temperature (7y), lattice parameters, unit cell volume (¥), density (D) and porosity

(€) of Pro7sNags,AgMnO; (0 < y <0.10)

Samples Twi (K) Tc (K) Tn (K) Lattice parameter V(A) D(g/cm?®) C (%)
+0.1 +0.1 +0.1 +0.001 +0.1 +0.01 +0.01
a(A) b (A) c(A)
y=0.0 - - 125.0 5.432 7.680 5.451 2274 6.26 6.31
y =0.05 110.0 123.0 - 5.437 7.697 5.452 228.1 6.41 3.68
y=0.10 - - 126.0 5.459 7.705 5.455 229.5 6.54 1.01

weakening of DE mechanism. In fact, a similar suggestion was
also proposed for Ndo.7zsNao.2sMn1-xCrxOs [19].

x (a.u)

T(K)
Fig. 3: Temperature dependence of AC susceptibility of PrgzsNagas.
yAgyMnO; (0.0 <y < 0.10). Inset is dy’/dT vs T for y = 0.05

The effect of Ag-doped on electrical resistivity (p) measurement
of the y = 0 — 0.10 samples was shown in Figure 4. It was found
that, the y = 0 sample (inset Figure 4) showed an insulating
behaviour in the temperature range of 50-300 K. Interestingly,
metal-insulator (MI) transition was observed at temperature
around Twi~111 K for y = 0.05 sample which can be attributed due
to the double exchange (DE) mechanism. In fact, our finding is in
line with the previous study [20]. However, no MI transition
temperature was observed for y = 0.10 sample most likely due to
the suppression of DE mechanism as a result of inclining of
charge ordering (CO) state [19,21]. In addition, the suppression of
the DE mechanism for the sample is also supported by the absence
of the Curie temperature Tc as well as existing of Neel
temperature Tn in susceptibility measurement.
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Fig. 4: Temperature dependence of electrical resistivity for ProzsNagzs.
yAgMn0;(0.0 <y <0.10)

4. Conclusion

In  conclusion, the effect of Ag-doping at Na site of
Pro.7sNao.2syAgyMnOs (0 < y < 0.10) on structure and surface

morphological as well as electrical transport and magnetic
properties have been investigated. The crystal structure of all
samples was found in an orthorhombic structure with space group
Pnma where the values of lattice parameter, unit cell volume and
density, as well as porosity increase continuously with Ag content,
accompany with the improvement of grain boundaries determined
from SEM images which can be attributed due to the of difference
in ionic radius between Na*and Ag* ions. On the other hand, AC
susceptibility and DC electrical resistivity measurements showed
the sample of y = 0.05 exhibited ferromagnetic-metallic (FMM)
phase suggestively due to the DE mechanism causing the CO state
to become weakened. However, an insulating behavior and PM to
AFM phase with Neel temperature around Tn~125 K and Tn~126
K were observed for y = 0 and y = 0.10 samples respectively.
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