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The present work is focused on the synthesis of NiMn ferrite nanoparticles using 

hydrothermal method. The samples are examined by X-ray diffractometer (XRD), Field 

emission scanning electron microscope (FESEM), Transmission electron microscope 

(TEM), Vibrating sample magnetometer (VSM) and LCR controller in order to understand 

the ferrite structure, crystallite size, surface morphology, grain size, particle size, M-H 

loop behavior, and the variation of magnetic permeability as a function of frequency and 

composition. The results indicated that the high saturation magnetization is observed in 

case of high manganese content. Besides, the permeability versus frequency plots satisfied 

the Snoke’s law.    
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1. Introduction 
 

It is evidenced that the ferrites in bulk as well as nanoform established significant 

applications in the fields of memory devices, magnetic tapes, microwave devices, photocatalytic, 

antimicrobial, transformer & inductor cores, antenna, magnetic hyperthermia, electromagnetic 

shields etc., [1-8]. The efficient of these applications is a dependent of type substituent/dopant, 

cationic distribution, spinel structure, and kind of synthesis technique [9-14]. It is a known fact 

that the ferrites will have a general chemical formula: AFe2O4 (where ‘A’ tends to divalent metal 

ions such as Ni. Mg, Cu, Zn, Mn, etc) [15-17]. It is commonly considered as magnetic spinel 

structure. These spinels are classified into three types such as normal spinel, inverse spinel, and 

mixed spinel. This is done based on the degree of inversion (δ) of spinel structure. That is, δ =1 for 

normal spinel, δ =0 for inverse spinel, and δ=0.25 for mixed spinel [18]. These structures of 

ferrites vary from bulk to nano. For example, nickel ferrite shows inverse spinel structure in bulk 

form occupying the nickel ions octahedral and tetrahedral sites equally. On the other hand, the 

same ferrite reveals the mixed spinel structure in nanoform [18].  

 The nickel ferrite is extensively studied for various applications in the field of science and 

technology in bulk and nanoform [18]. Many scientists worked on nickel ferrite to report the 

structural, electrical, optical, magnetic, microwave, electromagnetic, biomedical etc., properties. 

For instance, the literature [1-18] shows that several scientists worked on nickel ferrite, and its 

based bulk, and nanoferrites to investigate the structure, particle size, surface morphology, 

electrical, dielectric, magnetic, electromagnetic, microwave, and optical properties. Similarly, the 

PVDF/NiFe2O4 based electrospun nanofibers are synthesized for flexible piezoelectric 

nanogenerators [19], the cytotoxicity of nickel ferrite nanocomposite [20], nickel ferrite 

nanospheres [21], the electromagnetic wave absorber nature of honeycomb-like NiFe2O4@Ni@C 
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composites [22], nickel ferrite showing the anti-angiogenic activity [23], the NiFe2O4-Zn-Al mixed 

metal oxide composite shows the synergistic photocatalytic-adsorption removal effect [24], the 

nickel ferrite is developed via the optimization of porous structure as high sensitivity acetone 

sensor [25], the wide band electromagnetic wave absorber is developed from NiO/NiFe2O4@N-

doped reduced graphene oxide aerogel [26], the preparation of 

imines/benzothiazoles/benzoxazoles from nitroarenes using nano-nickel ferrite as catalyst under 

microwave irradiation [27], the efficient supercapacitors are developed by NiFe2O4/SiO2 

nanostructures [28], the water splitting agent is produced using ultrathin carbon coated 

mesoporous Ni-NiFe2O4 nanosheet arrays [29], lomefloxacin is degraded using NiFe2O4/CuS 

activator [30], SnO2/NiFe2O4 nanocomposites developed for studying magnetic, and optical 

properties [31], nickel ferrite nanoparticles are prepared using green fabrication for non-enzymatic 

determination of pentachlorophenol [32], the emerging technological applications are acquired by 

rare earth doped nickel ferrite nanocomposite [33], NiFe2O4 & NiO@NiFe2O4 nanoparticles are 

synthesized for supercapacitors [34], multi wall carbon promoted nickel ferrite is produced for 

synergistic catalytic degradation of ciprofloxacin [35], nickel based nanosheet with spinel nickel 

ferrite is prepared for nanoflower composite catalyst [36], anticancer, and antibiotic activities are 

achieved due to lime peel extract induced nickel ferrite nanoparticles [37], the NiFe2O4/CdO p-n 

nano-heterojunctions are developed for solar light activated photodegradation of methylene blue 

dye applications [38], and the high-performance nano-electrocatalyst in alkaline media is prepared 

from hydrazine on NiFe2O4-rGO [39].  From the vast literature survey, it is concluded that many 

nickel ferrite-based reports are seen, and the reports on Mn doped nickel ferrite nanoparticles are 

very limited. Hence, the authors considered to synthesize nano NiMn ferrites via hydrothermal 

technique due to its low temperature, high crystallinity, homogeneity, less cost, and easy synthesis 

[18]. Therefore, the NiMn ferrites are prepared with varying composition from 0.2 to 0.8. Further, 

samples are studied for various characterizations using the XRD, FESEM, TEM, VSM, and LCR 

controller for investigating the structural, morphological, and magnetic behavior of samples.     

 
 
2. Experimental procedure 
 

We selected the raw materials like nickel nitrate, manganese nitrate, iron nitrate, and 

NaOH pellets for the synthesis of nano NiMn ferrites. At the outset, the nitrate materials are 

dissolved in distilled water and stirred for half an hour. The solution is further shifted to a fresh 

glass beaker and kept on a stirrer with hotplate. The mixture is stirred and, in the meantime, the 

NaOH solution is added. As a result, the pH of the resultant solution reaches 11. As mentioned in 

the literature [18], the ferrite compound will be formed successfully. Further, the solution is 

shifted to Teflon bowl of 300 ml capacity, and it is kept in stainless steel autoclave. The whole 

autoclave is kept in hot air oven to perform hydrothermal reaction. The reaction is carried out at 

180oC for 6 hours. After completion of reaction, the oven is cooled to room temperature. Then, the 

solution is removed from Teflon bowl and shifted to fresh glass beaker. The water content is 

removed by the centrifuge and drying process. As a result, the fine powder is developed which is 

called as nano NiMn ferrite.      

 

 

3. Results and discussion 
 

Fig.1 shows the X-ray diffraction patterns of NiMn ferrite nanoparticles. It is seen that the 

x = 0.2-0.8 samples indicated the formation of single-phase cubic spinel structure. Hence, it is 

understood that the produced samples are of pure in nature. The good crystallinity is developed for 

all samples. The maximum intensity is recorded at the reflection plane (311) for all ferrite 

nanoparticles. The diffraction peaks are in good agreement with the standard JCPDS card No.:86-

2267. This evidenced a fact that the structure of Ni-ferrite is remained unaltered upon doping the 

Mn-element. Furthermore, the lattice parameters are calculated using the formula: a=b=c= 

d*[h2+k2+l2]0.5, where hkl are the Miller indices, ‘d’ is the interatomic distance, and a, b & c are 

the lattice constants [18]. The results revealed a fact that the lattice constants are increasing from 
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0.8382 to 0.8729 nm as a function of ‘x’. This kind of results is attributed to the ionic radii effect 

in the spinel ferrite system. That is, Mn2+ cations show the tetrahedral ionic radii: 0.0655 nm & 

octahedral ionic radii: 0.080 nm, while the Ni2+ ions will have tetrahedral ionic radii: 0.055 nm & 

octahedral ionic radii: 0.069 nm [40, 41]. This shows that the Mn2+ ions have greater ionic radii 

than Ni2+ ions. As a result, the unit cell will be expanded leading to the increase of lattice constants 

with increase of Mn-content. This follows Vegard’s law (see Fig.2) [41]. Further, the average 

crystallite size (D) is determined using Scherrer relation: D=0.9λ/βCosθ, where ‘β’ is the full 

width half maxima, and ‘θ’ is the angle of diffraction [18]. The obtained results expressed that the 

‘D’ value is varying from 36 to 72 nm as a function of ‘x’. The ‘D’ value is increased due to the 

high ionic radii of manganese cations.  
 

 
 

Fig. 1. XRD patterns of NiMn ferrite nanoparticles. 

 

 

 
 

Fig. 2. Variation of lattice parameter of NiMn ferrite nanoparticles. 
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Table 1. Data on structural & morphological parameters of NiMn ferrite nanoparticles. 

 
x 0.2 0.4 0.6 0.8 

Crystallite size D (nm) 36.3 49.2 64.4 72.1 

a/b/c (nm) 0.8382  0.8472 0.8601 0.8729 

Particle size P (nm) 38.4 46.2 57.2 62.5 

Grain size G (nm) 149.1 154.4 163.8 171.4 

 

 
In Fig. 3, the FESEM pictures are shown indicating the clustered like grains. The average 

grain size is found to be changing from 149 to 171 nm with ‘x’. This size is given directly from the 

FESEM machine itself. Herein, the similar increasing trend of grain size is noticed as in case of 

crystallite size. The samples indicated the existence of grains attached to each other. This behavior 

is due to the high magnetic interactions of nanoparticles. The shape of grains seems to be 

asymmetrical spheres with increase of Mn-content. Besides, the TEM pictures shown in Fig.4 

indicates the similar clustered like asymmetrical spheres. The presence of nanoparticles is 

evidenced from the TEM pictures. The average particle size is increased from 38 to 62 nm as a 

function of ‘x’ (Table.1). These results are in consistent with the variation trend of crystallite size, 

and grain size with Mn-content. 
 

 

 

 
 

Fig. 3. FESEM pictures of NiMn ferrite nanoparticles. 

 

 

x = 0.2 x = 0.4 

x = 0.6 x = 0.8 
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Fig. 4. TEM pictures of NiMn ferrite nanoparticles. 

 

 

The magnetic permeability (μi) versus frequency plots of x=0.2-0.8 samples are depicted 

in Fig.5. It is noticed that the permeability of all samples is almost constant at lower frequencies. 

This trend is started at 100 Hz and continued up to 50 kHz. For further increase of frequency, the 

permeability plots show the falling nature of μi value at 0.1 MHz. This establishes a fact that the 

NiMn ferrite nanoparticle obey Snoke’s law [16]. For all the samples, it is noticed at 1 MHz 

frequency. This kind of trend is observed due to the matching of input magnetic field frequency 

with the spinning magnetic dipoles. Once, it is happened, the resonance will be taken place. As a 

result of the resonance, the permeability goes to maximum (due to high agitation in the magnetic 

dipoles), and suddenly falls down. The sharp falling of curves indicates the high homogeneity of 

prepared samples. In addition, compositional dependence of permeability shows the unsystematic 

variation. This is attributed to the variation of ferric ions at the octahedral (B) sites. Further, the M-

H loops (Fig.6) are recorded and show that the saturation magnetization is increased with Mn-

content. This is basically the high magnetic moment of Mn+2 ions with 6 μB as compared with Ni2+ 

ions with 3 μB. Moreover, the larger number of Mn2+ ions occupy the B-site rather than the 

tetrahedral (A) site. As we know that the high number of magnetic cations at the B-site usually 

induce the magnetic moment. Thus, it leads to the increase of predominant magnetization with 

increase of Mn-content (see Fig.7). The loops are seemed to be having small loop area indicating 

the soft magnet behavior of NiMn ferrite nanoparticles. It is seen that the saturation magnetization 

(Ms) of ferrites started from 52.69 emu/g, and ended with 87.15 emu/g. This clearly indicated the 

x = 0.2 x = 0.4 

x = 0.6 x = 0.8 
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increase of even saturation magnetization which is due to higher concentration of magnetic cations 

at the B-site. Furthermore, the cation distribution is performed using the M-H loop data. It is 

mentioned in Table.2. It is observed that the Mn2+ cations and Ni2+ cations are shifted to B-site. 

Thus, according to two-sublattice model, the resultant magnetic moment M=MB-MA, will be very 

high. It is clearly seen in the cation distribution.  

 

 

 
 

Fig. 5. Frequency dependence of permeability of NiMn ferrite nanoparticles. 

 

 

 
 

Fig. 6. M-H loops (hysteresis) of NiMn ferrite nanoparticles. 
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Fig. 7. Compositional dependence of Ms of NiMn ferrite nanoparticles. 

 

 
Table 2. Cation distribution of NiMn ferrite nanoparticles. 

 

x A-site B-site 

 Ni2+ Mn2+ Fe3+ Ni2+ Mn2+ Fe3+ 

0.2 0.2 0.05 0.95 0.4 0.15 1.05 

0.4 0.25 0.1 0.95 0.15 0.3 1.1 

0.6 0.2 0.2 0.85 0.2 0.4 1.15 

0.8 0.1 0.25 0.75 0.1 0.55 1.25 

 

 

 

4. Conclusions 
 

The NiMn ferrites with x=0.2-0.8 in nanoform are prepared using hydrothermal method. 

The cubic structure is confirmed by XRD patterns. The lattice constants are noticed to be 

increasing from 0.8382 to 0.8729 nm as a function of ‘x’. The FESEM and TEM pictures showed 

the asymmetrical nanospheres with high agglomeration due to magnetic interactions. The 

frequency dependence of magnetic permeability of present samples shows the Snoke’s limit at 0.1 

MHz indicating the decrease of permeability. The M-H loops reveal the highest saturation 

magnetization for x=0.8 composition with a value of 87.15 emu/g.  
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