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A series of Cr substituted Mg-ferrites were synthesized by coprecipitation technique 

annealed at 900 
o
C for 6h. XRD analysis technique was used to confirm the formation of 

synthesized ferrites structure and the particle size estimated by Scherrer formula was 

found to be lying in the range 42.4 to 84.8 nm. All  the prepared samples exhibited inverse 

cubic spinel structure and lattice parameter found in the range (8.3814-8.3756 Å). The 

morphology and the formation of nanoparticles were observed by scanning electron 

microscopy (SEM). For the elemental analysis, the energy dispersive X-ray (EDX) 

confirmed the existence of Mg, Cr, Fe and O orbital state. Moreover, the representative 

sample UV/Vis spectra of the Cr-substituted Mg-ferrites revealed that the absorbance 

shifted from 373 to 386 nm for reference samples at x=0.2 and x =0.5 and the wavelength 

lies most prominently in UV region wavelength 200-380 nm approximately. The electrical 

measurements were done by two probe method. It was observed that at room temperature 

the DC resistivity decreased with the increase in chromium content while synthesized 

material have semiconductor behavior with the rise of temperature. 
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1. Introduction 
 

Ferrites have an important group of magnetic materials with a wide range of applications 

due to their small dielectric loss and magnetic properties. These spinel ferrites of chemical formula 

MFe2O4 play a significant part in microwave control components such as isolators, phase shifters 

and circulators. For the high frequency applications ferrites like Mg-Cr were considered as the 

most versatile due to their low eddy currents and high resistivity. Optical properties and 

Microstructure of Mg-Cr ferrites are very sensitivity to chemical compositions, cation distribution, 

sintering temperature and time, additive amount of the cations and methods of preparation. The 

soft-magnetic behavior in ferrites is due to the exchange interaction between the cations on the 

poly-hedral sites [1-2]. The cubic spinel–structured ferrite represents a well-known and significant 

class of iron oxide materials [3]. It is concluded in the studies literature survey that the high 

resistivity makes these spinel ferrites suitable for high-frequency applications where eddy current 

losses are required to be low, resistivity usually increases with the decreasing grain size, [4]. 

Moreover, Mg ferrites may be used in conjunction with other divalent ions and trivalent ions (Al 

and Cr) in high frequency applications for resistivity reasons [4-5]. The synthesized sample have 

cubic crystalline structure, space group O7h (Fd3m) and eight formula units cell. A unit cell 

contains 8 tetra-hedrons and 16 octa-hedrons. The Mg
2+

 ions are situated on center of the tetra-
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hedron and coordinated by O
2-

 ions with full Td (A site) symmetry  while Cr
3+

 ions are located at 

the centre of the octa-hedrons coordinated by O
2-

 ions with T3d (B site) symmetry. The doped 

metal ions can substitute either A or B sites or both depending upon its site type and valency. Most 

of the major magnetic properties of Mg-ferrite strongly depend on the shape doping and size [6]. 

MgFe2O4 is an n-type soft magnetic semi conducting material, which deals number of applications 

in heterogeneous catalysis, sensors, micro-wave devices, adsorption and magnetic technologies its 

efficiency increases when it doped with Cr or other metals [7]. Structural studies of magnesium-

doped ferrites have also been carried out by Widatallah et al [C]. Other researchers have also 

investigated the effect of Cr in different ferrites system [8-12]. A number of investigations have 

been reported earlier which describe the influence of divalent ions [8] and trivalent ions                      

(Al, Cr) [9] substitutions in Mg-ferrites on its various properties. Different methods have been 

adopted to synthesize spinel ferrites including co-precipitation, sol–gel, hydrothermal, micro-

emulsion and solid state reaction [13-14]. However, in the process of sample preparation structure 

can be controlled by cooling and annealing rates. Among the several methods, co-precipitation is 

one of the best and attractive methods due to its simple experimental arrangement and high yield 

of ultrafine particles at low sintering temperature [4, 15]. By the addition of a minor amount of 

impurity leads to effective change in the magnetic and electrical properties of a material. In these 

ferrites, addition of metal cations of different valence states leads to various tetra-hedral (A) and 

octa-hedral (B) sites distributions [15-16]. The modification in cation distribution also affects the 

physical properties of spinel ferrites. Especially, the substitution of transition metal ions and rare-

earth ions influences the electrical as well as magnetic properties of MgFe2O4 [7-9, 17]. In this 

communication we have reported the effect of Cr
+3

 substitution on the physical, optical and 

electrical properties of mixed Mg-Cr-ferrites. 
 

 

2. Materials and Methods 
 

2.1. Samples synthesis, preparation and equipments 

The chemical regents including Mg(NO3)2.6H2O,Cr(NO3)2.6H2O, Fe(NO3)3.9H2O 

(Aldrich, 99%), and ethanol were used to prepare the  samples with formula MgCrxFe2-xO4 (where 

0 < x < 0.10 ) with interval 0.02 by co-precipitation method. The procedure of the synthesis is 

described in previous research work [18-19]. The X-ray diffraction (XRD) patterns were obtained 

at room temperature by (Xpert Pro PANalytical diffractometer). In addition morphology of the 

samples was studied by scanning electron microscope (SEM) model (JSM-6490 JEOL). The 

elemental analysis of the representative sample was carried out by energy dispersive peak using 

energy dispersive X-ray spectroscopy EDXS, Model (JFC-1500 JEOL). UV–Vis absorption 

spectra were obtained using a UV-Vis-NIR spectrophotometer (PerkinElmer Lambda 9) at room 

temperature. Moreover, dc electrical resistivity measured by a two-point probe method with a 

Keithley electrometer model 2400 which was connected in a series with sample holder at 280 K to 

400 K. 

 

 

3. Results and Discussions  
 

3.1. Crystal Structure Analysis  
Fig.2 shows the X-ray diffraction patterns of MgCrxFe2-xO4 (where 0 < x <0.10) ferrite 

system synthesized through co-precipitation technique for the thermal treatment of 900 
o
C for 6 h. 

From the patterns no other phase has been decreased and for all the samples the diffraction lines 

are found to be sharp which are consistent with face-centered cubic spinel structure. Moreover, 

diffraction peaks corresponding to the planes (220), (311), (222), (400), (422), (511/333), (440) 

confirm the synthesis of spinel ferrite structure. The Jade 5 software was used to index all the 

peaks. The lattice parameters ‘a’ was calculated using the relation [20]. 

 

𝑎 =
𝜆

2𝑆𝑖𝑛𝜃
√(h2 + 𝑘2 + 𝑙2)                                                    (1)     



1199 

 

 

The values of  lattice parameters have been calculated by using the d-spacing values and 

the respective  Miller indices (hkl) from the formula as given in Eq.1.The results show that, lattice 

parameters are decreased with the increase of Cr
3+

 contents which can be explained on the bases of 

difference in ionic radii of Fe
+3

 and Cr
+3

.The smaller ionic radius Cr
3+

(0.63 Å) exchanges the 

larger crystal radius Fe
3+

 (0.64Å), likewise the lattice parameters decreases due to shrinkage of  

unit cell dimensions, which causes dilation of the host spinel lattice constant a= 8.354 Ǻ  as 

compared to pure sample. Furthermore, it is observed that for x = 0.04 (a= 8.3826 Å) and x=0.06 

(a=8.3775Å) which decreases the lattice constant. The site preference of Cr
3+ 

ions leads mainly to 

(B) site therefore, chromium is a normal spinel with chromium ions always in octahedral (B) site. 

The change in ‘a’ specifies the structural changes from inverse to certain degree of normal. The 

unit cell volume determined in cubic spinel ferrites under these condition a=b=c while α=β=γ=90
o
. 

 

Vcell = a
3
                                                                   (2) 

 

The observed unit cell volume of the spinel cubic ferrites have similar trend as per lattice 

parameters as listed in the Table1.Fig. 2 (a) shows the variation of unit cell volume and lattice 

parameters as a function of Cr ion content. 

 

 
 

Fig. 3.1 XRD patterns of Cr-substituted Mg- ferrites (0 < x < 0.10) 

 

 

Table 1. Lattice constant, volume of the unit cell, crystallite size (nm), X-ray density (Dx)                

of  Cr substituted Mg-ferrites annealed at temperature 900 
o
C for 6 h 

 

Composition 
Lattice constant 

a (Å ) 

Volume of 

the unit cell ( 

Å
 3
) 

Crystallite size 

<D>(nm) 
X-ray density 

Dx (g/cm
3
) 

MgFe2O4 8.3814 588.775 70.6 4.51 

MgCr0.02Fe1.98O4 8.3934 591.308 42.4 4.49 

MgCr0.04Fe1.96O4 8.3826 589.028 51.4 4.51 

MgCr0.06Fe1.94O4 8.3775 587.954 70.6 4.52 

MgCr0.08Fe1.92O4 8.3761 587.659 72.2 4.52 

MgCr0.10Fe1.90O4 8.3756 587.554 84.8 4.53 

 

The X-ray density Dx was calculated from the given Eq.4  where, V is primitive unit cell 

volume, Z denotes 8 molecules per unit cell of the spinel structure, M is the molecular weight of 

the sample and NA is the Avogadro’s number (6.02×10
23

g/mol). 

 

x =
Z M

NA  V
       (3) 

 

Table 1 revealed that the X-ray density variation as a function of Cr content can be 

attributed to the radii of the constituent ions and the atomic weight. The values of X-ray density 
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were found in range of 4.49-4.53 g/cm
3
 which may be due to inhibition of grain growth by the 

substitution of Cr
3+

 into the spinel lattice. The analysis of the crystallite size (D) nm of the 

synthesis spinel ferrites samples which have single phase determined by using the Scherer’s 

formula (Eq.4), where k is the coefficient of shape have value between 0.9 to 1.0, λ is  the X-ray 

wavelength, B is the full width at half maximum of each Phase and θB is the Bragg’s diffraction 

angle [21].  

 

D =  
k λ

B(hkl)cosθB
                                                                   (4) 

 

From the XRD data, the crystallite size is calculated by Eq.4 and found as 70.6 nm for 

pure sample (x=0.00) while the sample x=0.2 to x=0.10 with the increasing Cr content, the average 

crystallite size observed in the ranges are 42.4-84.8 nm (Table 1) due to the grain boundary 

mobility. It has been reported that the crystallite size ≤ 50 nm is required to obtain the suitable 

signal to noise ratio in the high density recording media [22-23]. In the current work the crystallite 

size is 42.4 nm (x=0.02) so this sample can be used for in high density recording media 

applications in attaining suitable signal to noise ratio. 

 

 
 

Fig. 3.2. (a) Relation of content (0 < x < 0.10) with lattice constant and                                        

unit cell volume (b) Relation of Cr content vs. crystallite size (nm). 

 

 

3.2 Morphology and Elemental analysis: 

Fig.3.3 shows the SEM micrographs of representative samples x=0.02, x=0.04.The 

micrographs of the sample x=0.04 exhibit the homogeneous grain size distribution and seems to be 

spherical shapes. The agglomerates are observed in the investigated ferrite samples, the presence 

of these agglomerates may be found due to sintering process as an outcome of chemical reaction. 

Relatively weak Vander Waals bonds or magnetic forces even might be responsible to hold these 

agglomerates together [24]. 

 

      
 

Fig. 3.3 SEM Micrographs for Cr-substituted Mg-ferrites at x=0.02 and 0.04 

 

 

Fig.4.shows the energy dispersive spectrum of pure and Cr substituted MgFe2O4 for 

different concentrations. The observed atomic and weight percentages of Mg, Fe, O and Cr 
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elements in the prepared nanoparticle samples are shown in the inset tables of Fig. 3.4 from EDX 

analysis, it was confirmed that no impurity is present in the prepared samples. 

 

      
 

Fig. 3.4 EDX Spectrum of the Cr-substituted Mg-ferrites at x =0.02 and x = 0.04 

 

 

3.3 Optical Properties:  
Figure 3.5a illustrates the UV/Vis spectra of the Cr-substituted Mg-ferrites, the absorbance 

decreases as the doping of Cr
+3 

is increased and the wavelength lies most prominently in UV 

region wavelength 200-380 nm approximately an intense peak at 470.6 nm points toward the 

excitation of π electrons in the spinel cubic structure. Another absorption edge appears at 1076 nm 

representing the presence of oxygen-containing groups linked with a cubic structure. An additional 

peak was noted at 1076 nm and it could be due to the presence of ZnO, Cr2O3 and Fe3O4 oxides. 

Moreover, in the spectrum, due to the reduction of Cr-substituted Mg-ferrites absorption peak at 

230 nm was red shifted to 268 nm.  

 

3.3.1 Band gap  

The optical band gap and the absorption coefficient (𝛼) of the synthesized ferrites is 

calculated by Eq. (5) [25]. 

 

𝛼ℎ𝑣 = A(ℎ𝑣 − 𝐸𝑔)𝑛                                                           (5) 

 

where ‘α’ is the linear absorption coefficient of the material, h𝑣 is the photon energy ‘A’ is a 

constant of proportionality, Egap is the optical band gap energy and ‘n’ is a constant related with 

different kinds of electronic transitions (n = 1/2 and 2 for a direct and indirect allowed 

respectively). 

 

 
 

Fig. 3.5 (a) Absorbance spectra of Cr-substituted Mg-ferrites at x=0.2 and x= 0.5. (b) 

The optical band gap and the absorption coefficient of the synthesized ferrites 

 

 

 

The value of Eg of the prepared sample for x = 0.08 is calculated by plotting Tauc’s graphs 

between (𝛼ℎ𝑣)2 versus (ℎ𝑣) photon energy as shown in Fig.3.5b The intercept of the graph linear 
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region on energy axis at (𝛼ℎ𝑣)2 equal to zero gives the band gap energy. The observed band gap 

energy values are found to be (2.5eV and 3.5eV) in the product material; such kinds of behavior 

may be due to lattice defects, the grain boundary diffusion produced the displacement of atoms 

and line defects. Moreover, it is observed that the energy band gap increases whenever the particle 

size decreases. 

 

3.4 Current-voltage measurements 

For Cr substituted Mg-ferrites the current voltage (I-V) measurements were carried out 

using Keithley electrometer model 2400.In the I-V curves for all samples are given in Fig. 3.6 (a & 

b) which recorded at 5V and 15V from these curves the DC resistivity of each sample is calculated 

from the following relation [26]. 

 

 = 
𝑅𝐴

𝑑
                                                                        (6) 

 

Where (d) is the thickness of pellet while (A) is the area of electrode in contact with the sample. 

The electrical resistivity depends on the crystal structure and composition of the material [27]. 

 

      
 

Fig 3.6 (a) Variation of voltage and current for Cr substituted Mg-ferrite (15V), 

(b) Variation of voltage and current for different concentration of Cr substituted Mg-ferrite 

 

 

The Fig.3.7 shows that the values fluctuate by increase in the concentration of Cr in 

synthesized material. The compositional dependence of dc electrical resistivity of the investigated 

samples which is raise (decrease in conductivity) all samples show a linear trend with the increase 

in Cr-contents due to which the iron ions become deficient at (B) site. Such behavior of dc 

electrical resistivity for samples of the ferrite has also been reported at room temperature [28]. 

 

 
 

Fig. 3.7 Variation of dc resistivity of Cr substituted Mg-ferrite with temperature. 

 

 

The reason, of the increasing attitude in DC electrical resistivity with the increase of Cr-

concentration is due to the decrease of number of Fe
+3

/Fe
+2

 ions pairs at octa-hedral (B) sites. 

Moreover, the number of iron ions at B-sites start to decrease when Cr ions replace the iron ions at 
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the octa-hedral site, consequently, the number of hopping electrons decrease and increase in the 

electrical resistivity. Fig.3.7 explains the variation of dc resistivity with temperature range between 

300K and 400K. Here resistivity plotted versus temperature (K) revealed that the resistivity of the 

synthesized sample decreases with increasing temperature, a behavior of a typical semiconductor. 

 

 

4. Conclusions     
 

In this study, Cr-substituted Mg-ferrite of (x=0.0 and x = 0.1) have been prepared 

successfully by using Co-precipitation technique. The structure of the samples was confirmed by 

XRD and SEM. Crystallite size of the product was found in the range 42.4 to 84.8 nm. Scanning 

electron microscopy showed spherical morphology with soft agglomeration and narrow size 

distribution of the nanoparticles. As the doping of Cr
+3

 is increased the UV/Vis spectra of the 

prepared samples reveals that the absorbance decreases. Electrical properties showed that DC 

resistivity have inverse relation with Cr-concentration and temperature, a behavior of a typical 

semiconductor. 
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