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 Abstract: 

Chromium substituted Nickel nano ferrites were synthesized with the chemical formula, NiCrXFe2−XO4 

(Where X = 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) by using citrate-gel combustion method. The structural 

characterization was carried out by X-ray diffraction (XRD), morphology and elemental composition of the 

samples were studied by Scanning Electron Microscopy (SEM) with Energy Dispersive X-ray Spectroscopy 

(EDS). X-ray analysis shows that the samples are single phase cubic spinel structure without any impurity peak 

and average crystallite size was in the range 8.5-10.5 nm. The lattice parameter, X- ray density, volume of unit 

cell and hopping length in A-site and B-site were calculated. The IR absorption spectra were recorded at room 

temperature in the range of 400 to 4000 cm-1, it explain the chemical bonds in spinel ferrites and shows the 

characteristic peaks of ferrite sample. The observed results can be explained on the basis of composition. 
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1. Introduction 

Spinel ferrites with a general formula MFe2O4 where M represents a divalent metal cation such as Fe, 

Mn, Co, Ni, Cu, Zn and Cd. These are commercially important materials because of their interesting magnetic 

and electrical properties [1–2]. Among the various spinel ferrites, nickel ferrite a typical inverse spinel ferrite 

has been generally used in electronic devices due to their remarkably high electrical resistivity, mechanical 

hardness, chemical stability and low cost value [3]. Divalent or trivalent substituted nickel ferrites are 

extensively used as magnetic materials in a wide range of technological applications because of their low eddy 

current and low dielectric and magnetic losses [4].  

 In early years, they have been synthesized by commonly used ceramic technique. However, in recent 

years, many physical and chemical techniques have been developed to prepare nanosized materials. For the 

synthesis of nanostructured materials offer some advantages by the chemical techniques in comparison with the 

physical techniques concerning simplicity, energy saving and product homogeneity. Several chemical methods 

were developed for preparing nano ferrites, the extensively used chemical methods are electro deposition [5],                

sol-gel route [6], co-precipitation [7], precursor method [8], hydrothermal method [9] and reverse micelle 

technique [10] etc., the citrate-gel auto combustion technique has been used for the synthesis of nanosize spinel 

ferrites because of the low cost, simplicity, time period is very less and homogeneity of final product are 

included among its advantages. This method produces homogeneous and stoichiometry oxides [11] and also it 

presents a large on the surface area and a good sinterability in relation to powders obtained by other synthesis 

techniques [12-13]. 

The effect of substitution of Fe3+ by Cr3+ in nickel ferrite system has been reported by others [14-15]. 

Best of my knowledge, there are no such incorporated study has been reported in the literature on the 

preparation of   Cr substituted nickel nano ferrites through the citrate-gel auto combustion technique. The aim 

of the present investigation is to synthesis the compositions NiCrXFe2-XO4 (Where X=0.1,0.3,0.5,0.7,0.9 and 

1.0) by citrate-gel auto combustion method [16] and present the influence of Cr3+ ions on the structural 

characterization such as X-ray analysis by XRD, morphology  by SEM with EDS and FTIR studies of nickel 

nano ferrites. 
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2. Experimental procedures 

Materials  

 The mixed Ni-Cr nano ferrite system having the compositional formula NiCrXFe2-XO4 (Where X=0.1, 

0.3, 0.5, 0.7, 0.9 and 1.0) were synthesized by citrate-gel auto combustion method. Analytical grade raw 

materials (Nickel Nitrate (Ni(No3)26H2O), Chromium Nitrate (Cr(NO3)23H2O), Ferric Nitrate (Fe(NO3)29H2O), 

Citric Acid-Citrate (C6H8O7H2O) and Ammonia (NH3)) were used to prepare the samples of the Ni-Cr nano 

ferrite system.  

Chemical reaction 

       Ni (NO3)26H2O+2Fe (NO3)29H2O+ C6H8O7.H2O         NiFe2O4+29H2O+4N2+6CO2+5.5O2 

Material synthesis 

The mixed Ni-Cr nano ferrite system having the compositional formula NiCrXFe2-XO4 (Where X=0.1, 0.3, 0.5, 

0.7, 0.9 and 1.0) were synthesized by citrate-gel auto combustion method and preparation method mentioned in 

flowchart as shown in figure 1. 

Characterizations  
The structural characterization was carried out using X-ray Diffractomerter (Bruker (Karlsruhe, 

Germany) D8 advanced system) with a monochromatic diffracted beam Cu Kα radiation (λ=1.5405 AO) source 

between the Bragg angles 20O to 80O in steps of 0.04O/Sec.   

The microstructure was examined of the prepared samples using thermal field emission Scanning 

Electron Microscope (SEM) (Hitachi-S520, Japan) with an elemental analysis by Energy Dispersive X-ray 

Spectroscopy (EDS). 

The absorption spectra of prepared Ni-Cr nano ferrite powders were recorded at room temperature by 

Fourier Transform Infrared Spectroscopy (Spectrum 100, Perkin Elmer, USA) in the range of 400-4000cm-1 

with a resolution of 1cm-1 using KBr pellet method. 

 

3. Results and Discussion: 

XRD analysis 

Figure 2 shows the X-ray diffraction pattern of mixed Ni-Cr nano ferrite system. It shows the 

crystalline phases were identified with standard reference data PDF# 862267 for Nickel ferrites (NiFe2O4) from 

the international centre for diffraction data (ICDD). It was observed that XRD pattern can be well indexed with 

peaks corresponding to cubic spinel structure such as (111), (2 2 0), (3 1 1), (4 0 0), (5 1 1), (4 4 0) and (5 3 3) 

the strongest reflection comes from (311) plane that indicates spinel phase and all the samples show cubic 

spinel structure in single phase without showing any other impurity phases [17]. From X-RD data, the other 

parameters such as average crystallite size, lattice constant (a), volume of the cell (V ), X-ray density (dx) and 

hopping length between A-site(dA) and B-site(dB) were calculate using standard relationships as discussed 

elsewhere.. 

The crystallite size was calculated for all prepared samples using the Scherer Formula [18] with high 

intensity 311 peak.  

   
Where λ: The wave length of incident X-ray  

           β: Full Width Half Maxima (FWHM)  

           θ: The peak position.  

The calculated crystallite size values are reported in table 1. From the table the average crystallite size 

was in the range 8.5-10.5 nm. Best of my knowledge the small size mixed  Ni-Cr nano ferrites samples are 

possible only with the citrate-gel auto combustion method no other method has resulted the such a small size 

nano ferrites. By this method prepared ferrite samples phase can produce very fast at low temperature but 

conventional methods need to high temperatures and prolonged heating time [19].  

The lattice parameter (a) of each composition was calculated by using the formula [20] 

   Lattice parameter (a) = d√h2+k2+l2 
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Where (hkl) are the Miller Indices,  

                 d is interplanner spacing.  

The calculated lattice parameter values are reported in table 1 as evident in figure 3. It shows the lattice 

parameter decreases with increasing the Cr concentration in Ni nano ferrites, it may be due to the ionic radii 

difference between Fe3+ and Cr3+ i.e. the large ionic radii of Fe3+ (0.645 Å) is replaced by low ionic radius  Cr3+ 

(0.615Å) in octahedral sites [21], that means mixed Ni-Cr nano ferrite system obeys Vegard’s law [22]. 

Decrease in lattice parameter, which may be attributed to shifting on some Fe3+ ions form A site to B site for 

higher composition.      A similar behavior of lattice parameter with Cr concentration was observed by several 

researchers in various ferrite systems [23-24]. 

 

 

The volume of unit cell of each composition was calculated and reported in table 1. The volume of the 

unit cell is decreases with increasing the Cr concentration in Ni nano ferrite because of the lattice parameter 

decreases. 

The X-ray density (dx) was calculated from the value of lattice parameter using the formula [25] 

 
Where   8 represents the number of molecules in a unit cell of spinel lattice 

M is the molecular weight of composition  

                          N is the Avogadro’s number a is lattices parameter  

Measured X-ray density values are reported in table 1 as evident in figure 4. It shows that the X-ray 

density increases with increasing the Cr concentration in Ni nano ferrite system, which means it shows the 

densification of the material. The X-ray density is to dependent on the lattice parameter and molecular weight 

of the sample, so the Cr+3 concentration increase the lattice parameter decreases hence the X-ray density 

increases. It may be due to greater atomic weight of Fe (55.847 gm/mole) compare with atomic weight of Cr 

(51.996 gm/mole). 

The distance between magnetic ions on B and A sites were calculated using the following relations [26]. 

Hopping length in A site dA = 0.25a√3 

Hopping length in B site dB = 0.25a√2 

The hopping length measured values for tetrahedral (dA) and octahedral (dB) sites are listed in table 1 as 

evident in figure 5. It is clear that the distance between the magnetic ions decreases as the Cr+3 concentration 

increases. It may be explained that Cr3+ ion (0.615AO) has smaller radius than Fe3+ ion (0.645AO), which makes 

the magnetic ions become closer to each other and decreasing the hopping length.  This observation is in good 

agreement with other researcher reports [27-28]. 

Microstructure and surface morphology by SEM 

The images were taken at different magnifications to study the microstructure of mixed NiCrXFe2-XO4 

(Where X=0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) nano ferrite system by Scanning Electron Microscope (SEM) as 

evident in figure 6(a-f). It shows the microstructure images of various compositions that the morphology of the 

particles is similar. The prepared samples are in nano scale with homogeneous broader grain size distribution. 

They reveal largely agglomerated, because they experience a permanent magnetic moment proportional to their 

volume [29]. The particle of the sample having sharpness is more or less spherical with agglomeration between 

the particles and a narrow size distribution. 

Elemental analysis by EDS Pattern 

The elemental% and atomic% of various Cr concentrations Ni nano ferrites were listed in table 2 as 

evident from figure 6(a-f). It shows the EDS pattern obtained for mixed NiCrXFe2-XO4 (Where X=0.1, 0.3, 0.5, 

0.7, 0.9 and 1.0) which gives the elemental and atomic composition in the samples. The compositions show the 

presence of Ni, Cr, Fe and O without precipitating cations. 

FT-IR spectral analysis 
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The FTIR spectra of the mixed NiCrXFe2-XO4 nano ferrite system (Where X=0.1, 0.3, 0.5, 0.7 and 1.0) 

were recorded in the range of 400 – 4000 cm-1 at room temperature shown in the figure 7. It shows the two 

prominent absorption bands ν1 and ν2 corresponding to the stretching vibration of the tetrahedral (A-site) and 

octahedral (B-site) around 600 cm-1 and 400 cm-1 respectively. These absorption bands represent the spinel 

ferrites in single phase [30] and the absorption band results are reported in table 1. It is clear that the vibrational 

spectra of ferrites characteristic the high frequency band (ν1) lies in the range of 591to 607 cm-1  corresponds to 

Fe+3-O-2 vibrations in tetrahedral (A site) and low frequency band (ν2) lies in the range 472 to 492 cm-1 

corresponds to M+2-O-2 vibrations in octahedral sites (B site) [31]. The difference between A site and B site is 

due to the change in bond length of   Fe+3-O-2 at the octahedral and tetrahedral sites [32]. The bands around 

3400cm-1, 2400 cm-1 and 1600cm-1 are the contribution of the stretching vibration of free and absorbed water, 

indicated the removal of the -OH, -CO and -NO groups. Similar trend have been observed by several 

researchers for the Cr substitution nano ferrite systems [33-34].  

 

4. Conclusion 

 The Citrate-gel auto combustion technique is to be a convenient and versatile for obtaining 

homogeneous nanostructured mixed Ni-Cr ferrites. X-ray diffraction confirms the formation of single phased 

cubic spinel structure without any impurity peak. The lattice parameter, volume of the unit cell, distance 

between magnetic ions was found to decrease and X-ray density increases with increase in Cr substitution in the 

mixed Ni-Cr nano ferrite system. SEM micrographs shows well defined nano particles of the sample powder 

with homogeneous broader grain size distribution. EDS spectra show the presence of Ni, Cr, Fe and O only 

without precipitating cations. FTIR absorption spectra revealed the presence of two significant absorption bands 

υ1 and υ2 around 600 cm-1 and 400 cm-1 characteristic of spinel ferrite. This confirms the formation of single 

phase spinel structure with two sub-lattices tetrahedral (A) site and octahedral (B) site. 
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Figure 1: Flow Chart for the synthesis of mixed NiCrXFe2-XO4 nano ferrite system 
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      Figure 2: XRD pattern of mixed Ni-Cr               Figure 3 : Variation of lattice parameter             

nano ferrite system           with Cr concentration 

         
            Figure 4: Variation of X-ray density             Figure 5: Variation of hopping length in 

                       with Cr concentration                            A-site & B-site with Cr concentration 

 
Figure 6 (a-d): SEM-EDS images of NiCrXFe2-XO4 nano ferrite System 
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Figure 7: FTIR pattern of Mixed Ni - Cr nano ferrite system 

 

Table – 1: XRD pattern & FTIR pattern analysis of Ni-Cr nano ferrite system 

 

 

Table –2: Elemental analysis of each composition by EDS pattern 

 

Element O Fe Ni Cr 

Ferrite 

Composition 

Element 

% 

Atomic 

% 

Element 

% 

Atomic 

% 

Element 

% 

Atomic 

% 

Element 

% 

Atomic 

% 

NiCr0.1Fe1.9O4 17.01 41.45 29.07 21.80 27.72 19.35 26.20 17.40 

NiCr0.3Fe1.7O4 19.50 45.20 29.47 21.99 25.02 16.67 26.01 16.14 

NiCr0.5Fe1.5O4 19.16 44.87 33.03 23.81 24.28 16.30 23.53 15.02 

NiCr0.7Fe1.3O4 19.79 45.86 30.76 21.96 27.30 18.14 22.15 14.04 

NiCr0.9Fe1.1O4 17.55 42.24 31.56 24.11 27.89 19.23 23.00 14.42 

NiCrFeO4 20.41 46.97 27.28 19.32 27.59 18.20 24.72 15.51 

 

Sl.No. Composition Crystallite 

size (nm) 

lattice 

parameter       

(a) (Ao) 

Volume 

of Unit 

Cell (V) 

(Ao)3 

X-ray 

density 

(gr/cc ) 

hopping length absorption band 

(A-site)    

(dA) 

(Ao) 

(B-site) 

(dB) 

(Ao) 

ν1  

(cm-1) 

ν2  

(cm-2) 

1 NiCr0.1Fe1.9O4 8.96 8.356 583.485 5.33 0.408 0.333 599.96 485.35 

2 NiCr0.3Fe1.7 O4 10.36 8.342 580.599 5.33 0.353 0.288 607.03 477.05 

3 NiCr0.5Fe1.5.O4 7.95 8.329 577.875 5.34 0.460 0.375 602.45 479.69 

4 NiCr0.7Fe1.3O4 8.55 8.316 575.049 5.35 0.427 0.349 591.43 481.11 

5 NiCr0.9Fe1.1O4 8.84 8.301 572.067 5.36 0.413 0.337 594.86 492.42 

6 NiCrFe2O4 9.26 8.293 570.273 5.37 0.395 0.322 597.13 472.62 
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