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Abstract: The Nd0.75Na0.25-xKxMnO3 perovskite manganite oxide with compositions, 

x = 0, 0.05 and 0.10 respectively have been studied scientifically to untangle the effect 

of K substitution at the Na-site on the crystalline structure, magnetic topology, bulk 

density, unit cell volume and the porosity. In addition, the correlation between X-ray 

diffraction (XRD) measurement and Atomic Force Microscopy measurement (AFM) 

was also studied. In this study, a new research approach has been introduced which 

was revealing the magnetic topology images of the Nd0.75Na0.25-xKxMnO3 perovskite 

manganite oxide that is rarely reported by previous researchers. The samples were 

prepared from high purity oxide powder (99.99%) maneuvering solid state reaction 

method and characterized by X-ray diffraction and Atomic Force Microscopy with 

lift mode enabled. Furthermore, the bulk density of the samples was determined using 

Archimedes principle and the porosity was computed using standard formula. The 

AFM measurements revealed the changes occurred in magnetic domains of all the 

samples due to the substitution of K element. Besides that, it was also observed that 

the varying concentration of K substitution at the Na-site of the manganite system 

contributed to magnetic topology anomaly of all the samples. In addition, the XRD 

measurements revealed the crystalline structure of all the samples which was single 

phased and indexed as orthorhombic structure with Pnma space group. The elemental 

substitution had also changed the unit cell volume, bulk density, and porosity of the 

samples as the increase in the concentration of K element.  Hence, the correlation 

between the XRD and AFM measurement was noticed as the results from both 

measurements showed good agreement. 

 

Keywords: Crystalline Structure, Magnetic Topology, X-Ray Diffraction, Atomic 

Force Microscopy.  

 

1. Introduction  

The phenomena of the doped perovskite-type structure of manganese with a stochiometric formula 

R1-xAxMnO3 was intensively studied recently, in fundamental physics and chemistry. Whereby, R holds 
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the position of rare-earth based compounds such as neodymium and A stands for cation to be doped on 

the Mn-site of the manganite which possibly are monovalent, divalent, or trivalent [1-3]. Previous 

research investigated the correlation between the charge order (CO) and ferromagnetic states of (La, 

Nd)0.75Na0.25MnO3 manganite proposed that CO phenomenon was observed in manganite doped with 

univalent alkali metal cations. For 0.2 ≤ x ≤ 0.25 below charge ordering temperature (TCO), Pr1-

xNaxMnO3 is charge-ordered antiferromagnet, while Nd0.75Na0.25MnO3 experiences a CO transition 

about 180 K. However, the CO characteristics of manganite doped with univalent alkali metal cations 

differ from those of manganite doped with divalent alkali earth cations. The author has also highlighted 

that La0.75Na0.25MnO3 only suffers a transition from ferromagnetic metal to paramagnetic insulator 

phase between 1.8 and 400 K, whereas Nd0.75Na0.25MnO3 suffers a charge disordered paramagnetic 

insulator to charge ordered paramagnetic insulator transition around 180 K [4]. Previous study done on 

Nd0.75Na0.25-xKxMnO3 exhibit results regarding the characterization of the sample, which was done on 

its structural analysis, observation of the surface morphology and not forgetting its electrical 

transportation. Through XRD analysis, it was found that all samples of the compositions are 

considerably in single phase, provide with no impurity peaks, and had an orthorhombic structure with 

a Pnma space group [5]. The valence state of the alkali metal ion such as K, Na, Li is +1, replacement 

with alkali metal at A-site can raise the valence state of Mn twice as much as alkali-earth substitution.  

Besides, as a result of the substantial difference in the valence state of the La3+ and Li+, it was 

inferred that the generation of inhomogeneous background potential causes entrapment of electrons, 

which influences the creation of polarons in the metallic regime [6]. Meanwhile, if the dopant ion's 

ionic radius, like Ca, is the La ionic radius, it is tendency towards the Pnma phase in the crystal structure 

[7]. Numerous studies on monovalent-doped perovskite manganite still being conducted by research 

experts as of its properties revealed claimed to be different and special particularly Nd0.75Na0.25MnO3 

doped with cation (K+). Although, this correlation is widely reported by numerous researchers, the 

significant study on topographic image of magnetic domains specifically on the Nd0.75Na0.25-xKxMnO3 

perovskite manganite is rarely reported by previous researchers. Therefore, this study focuses on the 

observation of the topographic images of the magnetic domains and crystalline structure due to the 

substitution of K element to the Nd0.75Na0.25-xKxMnO3 manganite system. In this study, the sample 

Nd0.75Na0.25-xKxMnO3 (x = 0, 0.05 and 0.10) was prepared using solid state reaction method and 

characterized by X-ray diffraction and Atomic Force Microscopy with lift mode enabled which is a new 

field of discovery for perovskite manganite in order to investigate changes occur as the effect of K 

doping on the structure and magnetic topology of the samples. 

2. Materials and Methods 

The samples Nd0.75Na0.25-xKxMnO3 with x = 0, 0.05 and 0.10 was synthesized using solid state 

reaction method that involves few steps which are mixing the chemical powders (following 

stochiometric formula), grinding, calcination, pelleting, and sintering. The samples were characterized 

by X-ray diffraction and Atomic Force Microscopy with lift mode enabled in order to study the 

crystalline structure and magnetic topology of the manganite samples. The density of all samples was 

determined using Archimedes Principle while the porosity was calculated by the standard formula from 

the bulk density and theoretical density. To confirm the crystalline phase of the sample, the information 

of values of lattice parameter and unit cell volume were analyzed through UnitCellWin software. 

2.1 Chemicals and Apparatus 

 The chemicals that was used to prepare the samples are Neodymium (Ⅲ) Oxide (Nd2O3), Potassium 

Carbonate (K2CO3), Sodium Carbonate (Na2CO3), and Manganese (Ⅳ) Oxide (MnO2) oxide powder 

with high purity (99.99%). Meanwhile, the apparatus that used was high sensitivity digital electronic 

balance (EJ-OP-13 Density Determination Kit), agate mortar and the pestle, alumina crucible, box 

furnace (Protherm Furnace PLF 130/15), hydraulic press (Carver model 3851-0). 
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2.2 Sample preparation and characterization 

 The Nd0.75Na0.25-xKxMnO3 manganite composition of x = 0, 0.05, and 0.10) was prepared using the 

solid-state reaction method as mentioned earlier followed by stoichiometric amounts of chemical 

powders with purity ≥ 99.9% which are Nd2O3, K2CO3, Na2CO3 and MnO2. The chemical powders were 

carefully mixed and grinded in an agate mortar with a pestle for 2 hours. This contributes in reduction 

of the particle size and maximized the surface area. Through the grinding process a homogenous 

mixture of reactants was produced. The fine particles obtained was then calcined 2 times in air at 

condition of 1000 ºC for 24 hours with heating rate of 15 ºC/min to remove volatile substances, 

oxidizing a portion of mass, or rendering them friable. Then, it was set to be cooled at a rate of 1 ºC/min. 

The calcined powders were then pressed using Carver hydraulic press under a load of 5 tons for 5 

minutes. Through pelletizing the powders using a hydraulic press, the number of crystallites in contact 

was increased. The pallet produced was then sintered at temperature of 1200 ºC for 24 hours with 

heating rate of 15 ºC/min and was set to cool to room temperature at 1 ºC/min.  

The magnetic domains of the Nd0.75Na0.25-xKxMnO3 manganite sample was detected under the lift 

mode setting in Atomic Force Microscopy (Bruker) where the lift height was set at an approximate 

range of 1.0 µm to 10.0 µm. The topographic images were generated in tapping mode using an unbiased 

tip (Model MESP-V2, AFM probes, Bruker Inc.) which has a nominal spring constant of 3.0 N/m. The 

tip possess radius of 35μm with a frequency of 75 KHz, length of 225 μm and geometry shape of 

rectangular. Moreover, the manufactured coating for the tip was with 0.01- 0.025 Ohm-cm Antimony 

(n) doped Si. The scanning rate varied from range 0.1 to 0.6 Hz. Finally, purity of the sample prepared 

was examined using powder X-ray diffractometer Bruker D2 Phaser provide Cu Kɑ radiation (1.54 Ȧ) 

at room temperature. The pellets were then grinded into powder form in and characterized using powder 

X-ray diffraction (XRD) Bruker D2 Phaser with the scanning rate of 2° /min in the range of 20° ≤ 2θ ≤ 

80°. The density of the samples was determined by Archimedes Principle and the acetone was used as 

buoyant medium while the porosity was calculated using standard formula.  

2.3 Equations of bulk density, porosity, and theoretical density  

The bulk density of the samples was determined using Archimedes principle in which the buoyant 

medium used was acetone. The weight of sample in air and acetone was measured using compact 

precision balance. Then, the bulk density was determined using Equation 1 [8]. 

𝜌𝑏𝑢𝑙𝑘 = 
𝑤𝑎𝑖𝑟

𝑤𝑎𝑖𝑟−𝑤𝑎𝑖𝑟
× 𝜌𝑎𝑐𝑒𝑡𝑜𝑛𝑒    Eq.1   

where ρacetone is the density of the acetone, wair is the weight of the sample in air and the wacetone is the 

weight of the sample in acetone. In the case of porosity, it was calculated by Equation 2 [8]. 

𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%) = 1 −
𝜌𝑏𝑢𝑙𝑘

𝜌𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
× 100%  Eq.2   

where ρbulk is the bulk density of the sample calculated using the Equation 3.4 and ρtheoretical is the 

theoretical density calculated based on the XRD measurement using Equation 3 [8]. 

𝜌𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 = 
𝑛′(Σ𝐴𝑐+Σ𝐴𝐴)

𝑉𝑐𝑁𝐴
     Eq.3    

where nʹ is the number of formula unit, ∑AC is the sum of atomic weight of all cations, ∑AA is the sum 

of atomic weight of all anions, VC is the volume of the unit cell and NA is the Avogadro’s number. The 

patterns of the sample will then be identified and labelled with respective miller indices (h, k, l) which 

indicates the Bragg’s plane. The lattice parameters of a, b, c was written as shown Equation 4 [8].  

1

𝑑ℎ𝑘𝑙
2  = 

ℎ2

𝑎2 +
𝑘2

𝑏2 +
𝑙2

𝑐2      Eq.4 

where 𝑑ℎ𝑘𝑙
2  is the distance between the parallel plane, ℎ 𝑘 𝑙 is the miller indices, and 𝑎 𝑏 𝑐 are lattice 

parameters.  
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3. Results and Discussion 

3.1 XRD analysis 

 Figure 1 illustrates the structural analysis for all the Nd0.75Na0.25-xKxMnO3 manganite samples (x = 

0, 0.05 and 0.10). Notably, the XRD analysis revealed that all the samples exist significantly in single 

phase without any impurity peaks. Hence, it was indexed as an orthorhombic structure that belongs to 

the Pnma space group. These data correlates respectively with result reported by previous study [5,9]. 

The values of lattice parameter, unit cell volume, bulk density and porosity had been tabulated in Table 

1. Based on the data tabulated, it can be clearly observed that the lattice parameter for all sample did 

not experience a systematically trend as the effect of K substitution. That being said, the values of unit 

cell volume (V) computed did experience a slight increase to the concentration amount of K dopant. 

The small increase in calculated unit cell volume (V) possibly due to the K+ ions possess larger ionic 

radius (rK+ = 1.550 Å) compared to substituted Na+ ions which has smaller ionic radius (rNa+ = 1.240 

Å). This statement can be clearly defended by previous study which was conducted on Pr0.75Na0.25-

xKxMnO3 and Pr0.55Na0.05Sr0.4MnO3 manganite oxide [10-11]. Besides, the modest rise in predicted unit 

cell volume (V) correlates well with the increasing density and decreasing porosity (P) with K content, 

showing a successful replacement of K+ ions to the Nd0.75Na0.25-xKxMnO3 manganite oxide. 

 

Figure 1: The X-ray Diffraction (XRD) measurement for the sample Nd0.75Na0.25-xKxMnO3 with  

x = 0, 0.05 and 0.10. 

 
Table 1: Lattice parameters, unit cell volume (V), bulk density (ρbulk) and porosity of the sample 

Nd0.75Na0.25-xKxMnO3 for compositions x = 0, 0.05 and 0.10. 

 

Sample Lattice parameter, Å (± 0.001) V, Å3 

(± 0.1) 

ρbulk, g/cm3  

(± 0.001) 

Porosity, %  

(± 0.01) 
a (Å) b (Å) c (Å) 

x = 0.00 5.433 6.369 5.844 203.6 5.707 19.34 

x = 0.05 5.437 6.373 5.871 203.7 5.778 18.57 

x = 0.10 5.442 6.377 5.875 203.9 5.848 17.84 

 

 

x = 0.10 

x = 0.05 

x = 0 

Degree (2θ)  

80 60 40 20 
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3.2 Atomic Force Microscopy measurements 

The magnetic topology images of the Nd0.75Na0.25-xKxMnO3 manganite samples (x = 0, 0.05, and 

0.10) was generate using Atomic Force Microscopy (Bruker) with lift mode enabled at a scanning rate  

of 0.5 Hz and varying tapping phases (scanning range). The Atomic Force Microscopy images 

revealed the magnetic domain regions of the manganite samples and magnetic topology anomaly 

images was generated using NanoScope Analysis 1.7 software.  

 

 
Figure 2: The magnetic domain region and magnetic topology anomaly images of sample x = 0 at a 

varying tapping phase (scanning range) which are a) 600.0 nm, b) 100.0nm, and c) 100.0 nm. 

 

Figure 2 illustrates the magnetic domain region and magnetic topology anomaly images of sample x = 

0 at a varying tapping phase (scanning range) which are a) 600.0 nm, b) 100.0nm, and c) 100.0 nm 

respectively. The topographic image in Figure 2 a) shows tapping phase area of 600.0 nm x 600.0 nm. 

Notably, a rough surface was observed and there was no magnetic domains detected in this specific 

area. However, a maze-like pattern was observed in the topographic image of Figure 2 b) and c) provide 

both tapping phases area of 100.0 nm x 100.0 nm which clearly exhibits the magnetic domains. 

 

In addition, Figure 3 depicts the magnetic domain region and magnetic topology anomaly images of 

sample x = 0.05 at a varying of tapping phase (scanning range) which are a) 2.0 µm, b) 600.0nm, and 

c) 200.0 nm respectively. The topographic image in Figure 3 a) shows tapping phase area of 2.0 µm x 

2.0 µm. Notably, a rough and an uneven surface was observed. However, there was no magnetic 

domains detected in this specific area. Significantly, in the topographic image of Figure 3 b) and c) 

provide tapping phases area of 600.0 nm x 600.0 nm and 200.0 nm x 200.0 nm a maze-like pattern was 

observed which clearly indicates the magnetic domains of sample x = 0.05. 

 

 
Figure 3: The magnetic domain region and magnetic topology anomaly images of sample x = 0.05 at a 

varying tapping phase (scanning range) which are a) 2.0 µm, b) 600.0nm,  

and c) 200.0 nm. 

 

a  b  c  

a  b  c  
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Figure 4: The magnetic domain region and magnetic topology anomaly images of sample x = 0.10 at a 

varying tapping phase (scanning range) which are a) 1.0 µm, b) 600.0nm, and c) 100.0 nm. 

 

Moreover, Figure 4 portrays the magnetic domain region and magnetic topology anomaly images of 

sample x = 0.10 at a varying of tapping phase (scanning range) which are a) 1.0 µm, b) 600.0nm, and 

c) 100.0 nm respectively. Notably, a smooth and an uneven surface was observed in the topographic 

image shown in Figure 4 a) provide tapping phase area of 1.0 µm x 1.0 µm. However, there was no 

magnetic domains detected in this specific area. Significantly, in the topographic image of Figure 4 b) 

and c) provide tapping phases area of 600.0 nm x 600.0 nm and 100.0 nm x 100.0 nm a maze-like 

pattern was observed which clearly indicates the magnetic domains of sample x = 0.10. Furthermore, 

topographic image in Figure 4 c) has an even magnetic domains separation at certain sections of the 

image than that of in Figure 4 b).  

 

Based on Figures 2,3, and 4, the element substitution of K (x = 0, 0.05, and 0.10) to the Nd0.75Na0.25-

xKxMnO3 manganite system was successful as it contributed towards the change in the magnetic 

domains and magnetic topology anomaly varying at different tapping phases (scanning area) of all the 

samples. The spectral root mean square (RMS) amplitude for all the samples (x = 0, 0.05, and 0.10) 

varies for each of the magnetic topology images that was generated. The tabulation of the spectral root 

mean square (RMS) amplitude is as shown in Table 2,3 and 4. 

 

Table 2: The tabulation of the spectral root mean square (RMS) amplitude and the  

topographic image of sample x = 0. 

 
Sample  x = 0 

Topographic 

image  

 

Spectral RMS 

amplitude ( ͦ ) 

 
 

 

 

a  b  c  
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Table 3: The tabulation of the spectral root mean square (RMS) amplitude and the  

topographic image of sample x = 0.05. 

 
Sample  x = 0.05 

Topographic 

image  

 

Spectral RMS 

amplitude ( ͦ ) 

 

 
Table 4: The tabulation of the spectral root mean square (RMS) amplitude and the  

topographic image of sample x = 0.10. 

 
Sample  x = 0.10 

Topographic 

image  

 

Spectral RMS 

amplitude ( ͦ ) 

 

 

Based on the data tabulated in Table 2, Table 3, and Table 4, there were observable changes in the 

spectral RMS amplitude of each samples (x = 0, 0.05, and 0.10) for all the sections showing a successful 

replacement of K+ ions to the Nd0.75Na0.25-xKxMnO3 manganite oxide. Moreover, it can be clearly seen 

that the values of spectral RMS amplitude for samples (x = 0.05 and 0.10) did experience a 

systematically trend as the increase in K content which was 9.78  ͦfor sample x = 0, 9.95  ͦfor x = 0.05, 

and 10.1 ͦ for x = 0.10. The ideal magnetic domain was detected for the sample x = 0.05 as it showed 

smooth spectral RMS amplitude graph compared to x = 0 and x = 0.10. Thus, this result was congruent 
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with the result of XRD where the increasing in unit cell volume and bulk density contributed to the 

increase of the spectral RMS amplitude with significant trend for all of the samples.  

4. Conclusion 

In conclusion, there was a correlation noticed between XRD and AFM. The K substitution 

contributed to the changes in the unit cell volume, bulk density, porosity, magnetic topology and 

spectral RMS amplitude of the manganite sample. The modest rise in the unit cell volume (V), bulk 

density (ρbulk) contributed to the increase of the spectral RMS amplitude with significant trend and 

changes in magnetic topology for all of the samples with the K content. Thus, this shows a successful 

replacement of K+ ions to the Nd0.75Na0.25-xKxMnO3 manganite oxide and this result was congruent with 

the result of XRD and AFM. As a whole of this study, it focused more on the structural properties, and 

magnetic topology of Nd0.75Na0.25-xKxMnO3 as mentioned in the previous objective. As to achieve better 

research study, few improvements and recommendations could be implemented by next researcher. The 

next researcher can proceed this research in detail on surface morphology and electrical transport 

properties with dissimilar substitution element such as monovalent or divalent element whether on Mn-

site substitution. In this study it focused more on the investigation of monovalent doping agent on the 

Na-site of manganite compound and as for the difference, future researcher can conduct a study on 

substitution of transition-metal element on Mn-site of the Nd0.75Na0.25-xKxMnO3 manganite. Substitution 

of small amount of transition-metal element on the Mn sites has well influence on the charge ordering 

state [12].  
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