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Monovalent doped Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (x = 0, 0.02, and 0.05) 
which prepared by using solid state reaction method have been studied 
to investigate the effect of crystalline phase, microstructure, and optical 
properties as well as electrical resistivity using X-ray diffraction (XRD), 
scanning electron microscope (SEM), Fourier-transform infrared 
spectroscopy (FTIR) and four-point probe respectively. XRD result 
showed all samples have been analysis as an orthorhombic structure 
with Pnma space group and the lattice parameter as well as the unit cell 
volume was observed to be continually decreased with Co content 
which can be suggest due to the factor of size mismatch between the 
Co3+ ions and Mn3+ ions. The morphological study shows the reduction 
in grain size in the Co-doped manganite samples which indicates that 
increasement of Co doping can promote growth of grain size and 
agglomeration. FTIR spectra indicated a shift in the vibration stretching 
mode towards higher wavenumbers for all samples which can be 
attributable to the reduction in lattice parameter. The results from the 
four-point probe analysis showcased a decrease in resistivity with an 
increasing concentration of Co-doping, suggesting increment charge 
carrier density and conductivity and providing insights into the 
electrical properties. As for that, the effect of Co3+ ions doped on 
Pr0.75Na0.2Ag0.05MnO3 shows a significant result on influencing the 
crystalline phase, microstructure, optical properties, and electrical 
resistivity. As for consequences, this study is aimed to elucidate the 
rules of cobalt doping on influencing the Jahn Taller effect on perovskite 
manganites. 
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1. Introduction 

Comprehensive investigation of manganese oxide with general formula Re1-xAxMnO3 (Re = a trivalent rare-earth 
ion, A = a divalent alka-line-earth) have been broadly investigated after the discovery of the colossal 
magnetoresistance (CMR) effect in rare-earth perovskite-type manganites. This attraction of attention is due to 
their unusual physical properties as well as their possible application such as magnetic sensor at low temperature 
[13]. Subsequent investigation also had proved that monovalent-doped perovskite manganites manifest a 
substitution of rare earth elements, leading to establishment of a mixed Mn3+/Mn4+ oxidation state. This 
substitution induces a detectible transition from a paramagnetic-insulator to a ferromagnetic-metallic phase 
[45]. The exploration of rare earth manganites has received considerable attention, primarily attributed to the 
presence of chargeordering (CO) in the compound. CO refers to the ordering of metal ions in different oxidation 
states, leading to the localization of charge and constraining electron movement from one site to another where 
this phenomenon contributes to the manifestation of insulating or semiconducting behaviour in the 
manganite.[67] 

In particular, research by N. Nasuha Khairulzaman had proved some interesting traits on Pr0.75Na0.2Ag0.05MnO3 

manganites compound. Based on these previous research, the effect of Ag-doped at Na-site of Pr0.75Na0.25-yAgyMnO3 
(0 ≤ y ≤ 0.10) manganites, had exhibit metal insulator behaviour transition at y = 0.05 suggestively due to the 
doubleexchange (DE) mechanism which had overpowered the effect of JahnTeller (JT) effect, while for y = 0 and 
y = 0.10 samples had shown an insulating behaviour due to dominant of JT effect [8]. This had proved that by 
doping Ag at Na site of perovskite structure will alter the JT effect of the sample. 

On the other hands, cobalt (Co) emerges as an excellent candidate for doping at the Mn site, given its potential 
for diverse oxidation states and multiple spin states [9]. Furthermore, the disparities in ionic radius and electronic 
configuration between Co3+ (0.610 Å), Mn3+ (0.640 Å), and Mn4+ (0.53 Å) add an intriguing dimension to this 
investigation. This aspect not only alters the Mn3+ to Mn4+ ratio but also exerts an influence on the CO state, 
enhancing the complexity and interest of the study [10]. Investigation reported by Srivastava [11] also proved 
that the critical temperature, Tc of La0.7Ca0.3Mn1-xCoxO3 had been successfully reduced from 260K into 220K due 
to weakening of double exchange mechanism. Based on investigation by Raveau [6] the results from Co doping 
into Pr0.5Ca0.5MnO3 had resulted in metalinsulator transition within the compound. Investigation reported by 
Habibah [2] by increasing of Co content from y = 0.02 to y = 0.05 on sample Pr0.75Na0.25Mn1-yCoyO3 caused a MI 
transition to shift to lower temperature which can be suggested due to the weakening of DE mechanism. 

However, The Jahn Effect has not been clearly understood. As a consequence, this study scrutinized the impact 
of chromium (Co) doping on the manganese (Mn) sites within the composition of Pr0.75Na0.05Ag0.05Mn1-xCoxO3. The 
investigation extended to exploring the influence of Co on various facets, encompassing structural characteristics, 
surface morphology, optical attributes, and electrical properties. The selection of Co-doping in this research stems 
from the intriguing alignment of the Co3+ ion possessing an equivalent valence electron configuration as the Mn4+ 
ion, albeit with a smaller ionic radius. Furthermore, the study delved into presenting and discussing pertinent 
data on density and porosity values. 

2. Materials and Methods 

All The Co-doped Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (x = 0, 0.02, 0.05) manganite sample have been prepared using solid 
state reaction methods. A stoichiometric mixture of high purity (>99.99%) Pr6O11, Na2CO3, Ag2O, MnO2 and Co3O4 
powders were mixed and grinded carefully by using an agate mortar. The process was followed by 24 hours of 
calcination at 1000°C by utilizing Protherm Furnace Model PLF 130/15 with several intermediate grindings for 
an hour. The fine powders then being pressed into pellet form with pressure of 5 tons with 13mm diameter. For 
final preparation process, the pelleted samples were then being sintered at 1200°C for 24 hours.  

For sample characterisation, the specimens were finely powdered and subsequently subjected to X-ray 
diffraction (XRD) analysis utilizing a Bruker D2 Phase Model for crystalline structural characterization. CuKα 
radiation was employed at room temperature, and the resolution of 99% was applied to verify the structural 
composition. Throughout the characterization process, the sample underwent continuous scanning within the 
range of 200≤ 2θ ≤ 800, with a scanning rate set at 20/min. also had been studied by using X-ray diffraction 
instruments model Bruker D2 Phase Model. For second sample characterization, Scanning Electron Microscopy 
model Coxem EM-30AX Plus equipped with energy dispersive X–ray dispersive was used to study the surface 
morphology of the sample along with elemental composition. After that, the` optical properties of sample material 
have been characterised by utilized FTIR model Agilent Technologies Cary 630. The electrical resistance also had 
been studied by using four-point probe instruments at room temperature. Archimedes principle have been 
applied to study the sample density properties whereas there is porosity obtained within using calculations using 
the standard formula which based on the bulk density, powder density, and also theoretical density. 
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3. Results and Discussion 

Figure 1 displays the powder X-ray diffraction (XRD) patterns for monovalent-doped Pr0.75Na0.2Ag0.05Mn1-xCoxO3, 
with varying cobalt (Co) concentrations (x = 0, 0.02, and 0.05). Analysis of the X-ray diffraction (XRD) patterns 
revealed that all specimens exhibited crystallization in an orthorhombic crystal structure with a Pnma space 
group, aligning with findings from a prior investigation [12]. The absence of impurity peaks in the XRD patterns 
affirms that all discernible peaks pertain to a singular crystalline phase. 

The values for lattice parameters, unit cell volume (V), density (D), porosity (%), and resistivity (Ω) for each 
sample are presented in Table 1. The a-lattice, b-lattice, and c-lattice exhibited a continuous reduction from 5.474 
Å, 7.753 Å, and 5.471 Å (x = 0) to 5.468 Å, 7.738 Å, and 5.462 Å (x = 0.05), respectively. Moreover, the unit cell 
volume closely followed the trend of lattice parameters, diminishing from 232.19 Å (x = 0) to 231.10 Å (x = 0.05). 
The consistent decrease in unit cell volume with Co doping can be suggested due to influence of the substitution 
of Co³⁺ for Mn³⁺, resulting in a distortion of the lattice structure due to the differing ionic radii of the two ions. 
This phenomenon corresponded with previous study which ascribed the smaller ionic radius of Co3+ ions (0.610Å) 
successfully substitute the larger ionic radius of Mn3+ ions (0.640Å) [13]. At the same time, as the Co concentration 
increases, the sample resistivity had shown constant reduction from 113.08Ω (x=0), to 106.73Ω (x=0.02), and 
lastly being decrease to 97.09Ω (x=0.05), inline with the decreasing of lattice parameters. 
 

Table 1 Lattice parameter, unit cell volume (V), density (D), and resistivity (Ω) for the sample 
Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (x = 0.00, 0.02, and 0.05) 

Sample 
Lattice Parameter (±0.001) 

V (Å)3 D (g/cm3) Porosity(%) Resistivity (Ω) 

a (Å) b (Å) c (Å) 
(±0.1) (±0.01) (±0.001) (±0.01) 

x = 0 5.474 7.753 5.471 232.2 5.89 2.343 113.8 
x = 0.02 5.470 7.747 5.466 231.6 5.60 5.713 106.7 
x = 0.05 5.468 7.738 5.462 231.1 5.68 5.652 97.09 

 

 

Fig. 1 Powder X-ray diffraction (XRD) pattern of Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (x = 0, 0.02, and 0.05) samples 
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Fig. 2 display an SEM imaging result on all samples with the magnification of 2kX. The SEM images revealed 
that there are changes of grain size as the Co doping concentration increase, it can also be observe that 
compactment of grain boundary as the doping concentration increase. This can be suggested that increasement of 
Co doping can promote growth of grain size and agglomeration. The agglomeration rate of the grain keep increase 
when the Co concentration increase until at the concentration of Co=0.5 there are very little visible pore. This can 
indicate that cobalt has been successfully substituted, and it also consistent with SEM EDX which prove the 
increasement of Co³⁺ being successfully substituted with the Mn³⁺. In fact, our finding is in agreement with 
previous study [10] 

Fig. 3 illustrates the Energy Dispersive X-ray (EDX) spectrum for all examined samples. The spectrum 
confirms the presence of all intended elements (Pr, Na, Ag, Co, Mn, O) without any discernible impurities, 
indicating meticulous sample preparation. Notably, the escalation in the atomic percentage of the Co element 
suggests the successful unification of Co³⁺ into the samples, with a further increase in atomic percentage for x = 
0.02 and x = 0.05, signifying an augmented concentration of Co doping. Additionally, the weight percentage 
analysis indicates an elevation in the Mn element, aligning with the notion of smaller ions of Co³⁺ being 
successfully doped into the Mn³⁺. Thus, this existences of Co in the samples has proven the changing in SEM image 
and the unit cell volume stated in XRD result. 

 

Fig. 2 SEM images with 2kX magnification for Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (a) x = 0, (b) x = 0.02 (c) x = 0.05 

(a) 
(b) 

(c) 
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Fig. 3 EDX spectrum for the sample Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (a) x = 0, (b) x = 0.02 (c) x = 0.05 

 
The FTIR analysis of Pr0.75Na0.2Ag0.05Mn1-xCoxO3 perovskite manganite from 500cm-1 to 1200cm-1 was shown 

in Figure 4. The Fourier Transform Infrared (FTIR) analysis reveals broad hump peaks at 693 cm-1 and 1021 cm-
1, along with a distinct absorption peak at 912 cm-1. These features signify the presence of robust metal-oxygen 
bonds in the sample, influenced by either stretching or bending vibration modes [14] [15] [16]. As the 
concentration of Co-doping increases, there is a notable shift of the absorption peaks towards higher 
wavenumbers (blue-shift). This shift is indicative of an alteration in the stretching bond length between Mn-O-
Mn, attributing it to the disruption of the lattice structure of Mn by the smaller ionic radius of Co, thereby implying 
a further distortion of the MnO6 octahedron. 
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Fig. 4 FTIR analysis of Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (x = 0, 0.02, and 0.05) manganite 

4. Conclusion 

In conclusion, crystalline phase, electrical properties and surface morphology of the monovalent doped of 
Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (x = 0, 0.02, and 0.05) samples have been investigated. Powder X-ray diffraction 
measurement show that all the synthesized samples were crystallized in the orthorhombic structure with Pnma 
space group, The increase in Co doping leads to a corresponding reduction in the unit cell volume of the sample. 
This is attributed to the substitution of the Mn³⁺ ion with the Co³⁺ ion, which possesses a smaller ionic radius, 
triggering lattice distortion in the samples. SEM analysis reveals a discernible augmentation in grain size and the 
development of grain boundary compartments with escalating Co doping concentrations, indicative of a 
pronounced influence fostering both grain growth and agglomeration. The escalating agglomeration rate persists 
with increasing Co concentration, culminating at Co=0.5, where a paucity of discernible pores is noted. This 
observation implies the efficacious substitution of cobalt, corroborated by SEM EDX results affirming the 
heightened presence of Co³⁺ substituting for Mn³⁺. The four-point probe analysis illustrated a decrease in 
resistivity, signifying alterations in the CO state influenced by the presence of Co-doping. On the other hand, the 
FTIR analysis of Pr0.75Na0.2Ag0.05Mn1-xCoxO3 (x = 0, 0.02, and 0.05) perovskite manganite reveals distinctive 
absorption peaks, with a notable blue-shift in absorption peaks at higher wavenumbers as the concentration of 
Co-doping increases, suggesting a disruption in the lattice structure of MnO6 octahedra. As a final assumption from 
result discussion, it has been concluded that Co dpoin from this study that by doping Co into Pr0.75Na0.2Ag0.05Mn1-

xCoxO3 (x = 0, 0.02, and 0.05), the Jahn Teller effect have been weakened. 
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