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In this study spinel ferrites Ni0.5Zn0.5Cr0.04YxFe1.96-xO4 (x = 0.0, 0.02, 0.04 and 0.06) were 

synthesized using the co-precipitation method by varying the concentration of Yttrium.         

X-ray diffraction (XRD) and Fourier transform infrared (FTIR) analysis confirm the 

formation of spinel ferrites structure. The average particle size estimated by Scherrer 

formula found to be in the range 30.3-106 nm with cubic shape. Energy Dispersive 

Spectroscopy (EDS) measurement was in close agreement with the stoichiometry of the 

reactant solutions. UV-Vis-NIR spectroscopy evidenced intermediate energy levels within 

the band gap of the prepared ferrites system. Dielectric measurements showed that the 

inverse relation of permittivity of these ferrites with frequency that follows the Maxwell 

Wagner Model. The substituted samples exhibited very low dielectric constant and low 

loss tangent in the frequency range 1 MHz to 3GHz.AC conductivity increased with the 

increase in frequency and decreased with the increase of yttrium concentration. Such 

characteristics of these materials may be suitable for potential applications such as 

switching and microwave devices.  
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1. Introduction 
 

Electrical and optical properties of Ferrites are strong of chemical composition, cation 

distribution, sintering temperature and time, additive amount of the cations and method of 

preparation. The soft magnetic behavior in ferrites is caused by the exchange interaction among 

the cations on the polyhedral sites. The 4f orbitals of rare earth cations is key to the electrical and 

magnetic properties of ferrites [1-2].Generally, 4f orbitals are tailored by controlling the type and 

the amount of different substitutes of cations [3-4] distribution in ferrites at tetrahedral and 

octahedral sites. It is well known that high resistivity of nickel ferrites with proper doping of 

divalent ions (Zn
2+

,Co
2+

, and Mn
2+

), trivalent ions (Al
3+

 and Cr
3+

) and rare earth (RE) ions      

(Nd
3+

, Dy
3+

, Y
3+

, Pr
3+

, and Sm
3+

), have acquired special attention due to a large functional 

diversity[5-10] in modern telecommunications and electronic devices[11-12].It is well documented 

in the literature that the resistivity generally increases with decreasing grain size and high 

resistivity make these ferrites suitable for high-frequency applications where low eddy current 

losses are required. Ferrites substituted with rare earth ions have an improved microwave behavior 

compared to non-substituted materials [9] which minimize the electromagnetic reflections with 

high dc resistivity and complex permeability. Various methods have been adopted to synthesize 

rare earth metals doped ferrites including co-precipitation, sol–gel, hydrothermal, micro-emulsion 

and solid state reaction [13-16].Ahmad et al.,[17] reported that the substitution of rare earth metals 
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in ferrite system have influence on doping process and lower the Curie temperature [18]. The 

substitution of yttrium in ferrites system decreases the crystallite size that results in favorable 

structural properties [19]. The aim of present work is to explore the effect of Y
3+

 substitution on 

the structural and dielectric properties of Ni0.5Zn0.5Cr0.04YxFe1.96-xO4 ferrites system synthesized by 

co-precipitation technique. Chief aim of present investigation is to prepare samples for the use of 

microwave devices.    

 

 

2. Materials and Methods 
 

2.1. Samples preparation and equipments 

The chemical regents including Ni(NO3)2.6H2O, Zn(NO3)2.6H2O, Cr( NO3)3.6H2O 

(Aldrich,98%), Fe(NO3)3.9H2O (Aldrich, 99%), Y2O3 , citric acid and ethanol were used to prepare 

the ferrites in the composition:Ni0.5Zn0.5Cr0.04YxFe1.96-xO4(x = 0.0, 0.02, 0.04, and 0.06)  by            

co-precipitation method. These chemicals were weighed in the above mentioned stoichiometric 

proportion and dissolved in distilled water for 30 min in an ultrasonic cleaner. First yttrium oxide 

(Y2O3) was dissolved in HNO3 by heating up to 60 C̊. During the heating, solution was stirred 

continuously with a magnetic stirrer. After this ammonia solution (i.e. NH4OH), was added until to 

attain the pH of 10. An intermediate precipitate was observed in the solution, which was stirred for 

1 hour to maintain the homogeneity. The solution containing precipitates was placed in water bath 

at 85 ̊C for 1hr under the ambient atmosphere. The precipitates were filtered by a filter paper 

(No.41) with the help of a suction flask operating on the vacuum pump. Finally, these precipitates 

were washed with distilled water to remove impurities. The co-precipitated powder was dried at 

110 ̊C for 12 hours in an oven. The dried precipitates were mixed homogeneously in an agate 

mortar and pestle for 30 min. The obtained powder was pelletized under the load of 61N/cm
2 

for          

3min by Paul-Otto Weber Hydraulic Press. The pellets (6mm x2 mm) and the powder were 

sintered at 900
 ̊
C for 8h in a programmable furnace. The surfaces of all the samples were polished 

in order to remove any oxide layer during the process of sintering. A bulk density was measured 

on the basis of weight and dimensions of the samples. The above synthesis process can be 

expressed by the following chemical reaction and also presented in the flow diagram in Fig.1. 

 

Ni0.5 (NO3)3(Aq)+Zn0.5(NO3)3(Aq) +Cr0.04 (NO3)3(Aq)+Yx (NO3)3(Aq) +(1.96-x) Fe (NO3)3(Aq) 

 

+NH4OH                                  Ni0.5Zn0.5Cr0.04 Yx Fe (1.96-x) O4    +nH2O+mNH4NO3 

 

 

 

 

Fig. 1 Flow Diagram of Experimental Procedure 

 

 

The X-ray diffraction (XRD) patterns were obtained at room temperature by powder 

samples in an Xpert Pro PANalytical diffractometer with Cu-Kα radiation (λ = 1.5405 Å) at 40 kV 

and 30 mA. Intensity data were collected by the step counting method (with a scanning speed              

0.05̊ /s) in the 2θ range from 25̊-65̊.In addition, the Fourier transform infrared spectra (FT-IR) 
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were measured in the frequency range of 400-4000 cm
−1

 using Jasco-310 spectrometer. Surface 

morphology and microstructure of the samples were studied by JSM-6490 JEOL scanning electron 

microscope (SEM). The elemental composition was determined by energy dispersive peak of the 

representative sample using energy dispersive X-ray spectroscopy (EDXS, Model JFC-1500 

JEOL). Normal incidence absorbance of the synthesized samples was recorded at room 

temperature over wave length range of (200-1100 nm) using Perkin El-mer UV/Vis/NIR Lambda 

spectrophotometer. The complex dielectric function measurements were performed with HP4291A 

material impedance analyzer in conjunction with a HP4194 Impedance Analyzer, which jointly 

cover the region of 1MHz to 3GHz. For this purpose the electrodes were deposited by silver paste 

on both sides of a sample and dried out at 200 
o
C for 10 

o
C/ min.  

 

2.2 Calculations 

Structural properties were determined from the XRD measurements and lattice constant 

‘a’ unit cell volume, crystallite size ‘D’, bulk density, X-ray density, porosity and lattice strain 

(𝜀𝑟𝑚𝑠) were calculated using the following formulae [20-21].  

 

𝑎 =
𝜆

2𝑆𝑖𝑛𝜃
√ℎ2 + 𝑘2 + 𝑙2 

                                                          (1) 

 

The spinel cubic unit cell volume was calculated (where a = b = c and α= β=γ =90º) 

 

Vcell =  a3                                                                     (2) 
 

The analysis of the crystallite size (D) nm, of the synthesised ferrites samples which have 

single phase was determined by using the Scherer’s equations.  

 

D =  
k λ

B(hkl)cosθ 
                                                                     (3) 

 

Where k is the shape coefficient (value between 0.9 and 1.0), λ is the X-ray wavelength, B is the 

full width at half maximum (FWHM) of each Phase and θ is the Bragg’s diffraction angle. The 

bulk density was determined by the following equation. 

 

ρ
bulk

=
m

 V
                                                                          (4) 

 

Where ‘m’ is the mass and ‘V’ (=2πr2h, where r is the radius and h is the height/thickness of 

pellet) is the volume of the pellet. The X-ray density was determined according to the relation: 

 

ρ
X−ray

=
Z M

NA  V
                                                                       (5) 

 

Where, V is the unit cell volume, Z represents 8 molecules per unit cell of the spinel structure, NA 

is the Avogadro’s number (6.02×10
23

g/mol) and M is the molecular weight of the sample. The 

porosity (P) in % of the samples was calculated from bulk density and X-ray density values using 

the expression. 

P %  = 1 −
ρ

bulk

ρ
X−ray 

                                                                  (6) 

 

The lattice strain (𝜀𝑟𝑚𝑠) of the samples was calculated by the relations: 

 

BG
2

 

 
= 8π(tan2 θ )(ϵrms

2  
)                                                         (7) 
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Where BG is the integral width (defined as the peak area divided by peak height) of peak in radian.  

Dielectric constant ε′, dielectric loss tan δ, and AC conductivity was calculated from the measured 

data. Ferrite samples prepared in the capacitor form can be considered electrically equivalent to a 

capacitance Cp in parallel with a resistance Rp. These values (Cp and Rp) were measured directly 

using the impedance analysis and important electrical parameters were calculated using the 

following equations [22-23]. 
 

έ =  
Co

Cp
       where  Co =

Aεo

d
                                                                (8) 

 

tan δ =
1

ωCpRp
                                                                         (9) 

 

σ𝑎𝑐 = ωεoϵ΄ tan δ                                                                     (10) 
 

where C0 is the sample capacitance in vacuum which depends on the electrode spacing (d) and the 

electrode area (A), ω is the angular frequency of the applied field and ε0 is the permittivity in 

vacuum equal to 8.85 × 10
–12

 F/cm.  

 

 

3. Results and Discussions  
3.1. Crystal Structure Analysis  

 

Fig.2 shows the X-ray diffraction patterns of Ni0.5Zn0.5Cr0.04YxFe1.96-xO4 (x= 0.0, 0.02, 

0.04and 0.06) ferrite system synthesized through co-precipitation technique and annealed at 900
o
C 

for 6 h. Diffraction peaks corresponding to the planes (220), (311), (222), (400), (422), (511/333), 

(440) confirmed the synthesis of spinel ferrite structure. Table I enlists the various structural 

properties calculated using equations1–7. It was found that the lattice constant and unit cell 

volume increased with the increase in Y
3+

 contents. For x= 0.02,the replacement of the smaller 

Fe
3+

 ions (0.64Ǻ) with larger Y
3+

 ions (0.95Ǻ) with already presence of Cr
3+

(0.63Ǻ) causes 

dilation of the host spinel lattice that causes a decrease in the lattice constant a= 8.354 Ǻ  as 

compared to pure sample. Furthermore, it was observed that for x = 0.04 and x = 0.06 (which 

equalize the Cr
3+

 ion and Y
3+

 ion at B site) lattice constant increased.  

 

 
 

Fig. 2 X-ray Diffraction of Ni-Zn-Cr-Y-Fe spinel ferrites (x=0.00-0.06) annealed at 900 ºC for 6h 

 
 

The crystallite size was 106 nm for pure (x=0.00) and for the Yttrium doped samples it 

was in the range of 30.3-38.6 nm. The values of bulk density were found in range of 4.2-4.7 g/cm
3
 

which may be due to inhibition of grain growth by the substitution of Y
3+

 into the spinel lattice. 

The X-ray density increased by enhancing the Y
3+

substitution which was due to the larger molar 

mass of yttrium (88.905 amu) as compared to iron (55.845 amu). The effect of metal cation 
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substitution on the porosity was in the range of 12.3–21.3 % .The linearity trends in calculated 

lattice strain was found to vary from 1.1 x 10
3
- 3.7 x 10

3
. 

 
Table I: Lattice constant, volume of the unit cell, crystallite size (nm), bulk density (dm), 

X-ray density (dx), porosity (% P) and lattice strain (𝜀𝑟𝑚𝑠) at yttrium substitution   of Ni-Zn-Cr ferrites 

 

Parameters X=0.00 X=0.02 X=0.04 X=0.06 

Lattice constant, a (Ǻ) 8.380 8.354 8.390 8.430 

Volume of the unit cell ( Ǻ
3
) 588.48 583.01 590.59 599.08 

Crystallite size D(nm) 106 38.6 30.3 30.3 

dm (g/cm
3
) 4.22 4.37 4.69 4.70 

dx (g/cm
3
) 5.36 5.28 5.37 5.46 

Porosity (%P)  21.3 17.2 12.6 13.9 

Lattice strain (𝜀𝑟𝑚𝑠) ×10
3
 1.1 3.7 3.7 2.9 

 

 

3.2 FTIR spectra studies 

Fig. 3 shows the Fourier transform infrared spectra here the presence of two absorption 

bands below 1000cm
-1 

was a common feature observed in all ferrites [25]. Further investigation 

showed two absorption bands (ʋ1) and (ʋ2) that were attributed to the intrinsic vibrations of the 

tetrahedral and octahedral group complexes respectively. The tetrahedral (ʋ1) and octahedral (ʋ2) 

bands occur in the range 530-540 cm
-1

 (ʋ1) and 400–418 cm
-1 

(ʋ2) in samples with yttrium 

concentration of x=0.04 and 0.06. The octahedral band ʋ2 seemed to be widened with 

Y
3+

concentration; this may be due to the statistical distribution of the Fe
3+

 ions on tetrahedral and 

octahedral sites [27-28]. The change in the peak intensity of the spectra has been noticed with 

increasing Y
3+

 contents and was related to the change of dipole moment with the inter-nuclear 

distance [29] that represented the contribution of the ionic bond Fe–O in the lattice. It was 

assumed that the observed increase in the peak intensity could be attributed to the perturbation 

occurring in Fe–O bonds by the substitution of yttrium ions from x=0.04 to 0.06.  

 

 
 

Fig. 3 FTIR spectra of Ni-Zn-Cr-Y-Fe spinel ferrites (x=0.04, 0.06) 
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3.3 Morphology and Elemental analysis 

Fig.4 shows the SEM micrographs of representative samples x = 0.04 and x = 0.06.The 

micrographs of the sample x = 0.04 exhibited the homogeneous grain size distribution with 

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

appearance of these agglomerates may be attributed to the sintering process as a result of chemical 

reaction. Magnetic forces or even relatively weak Vander Waals bonds might be responsible to 

hold these agglomerates together [30].The mobility of grain boundaries can be of significance in 

the grain growth therefore presence of Y
+3

  ions near or at the grain boundaries confined the grain 

boundary movement subsequently the grain size decreased with increasing Y
+3

  substitution [31]. 

 

 
 

Fig. 4 SEM Micrographs for Ni-Zn-Cr-Y-Fe spinel ferrite at x=0.04 and 0.06 

 

 

Fig. 5 shows the energy dispersive X-ray spectra of the representative composition of the 

investigated sample. The analysis of these spectra indicates that mixed oxides have fully 

undergone the chemical reaction to form the required oxide materials. 

 

 
 

Fig. 5 EDX Spectrum for Ni-Zn-Cr-Y-Fe spinel ferrite at x=0.04 

 

 

3.4 Optical Properties:  

Fig.6 illustrates the UV/Vis spectra of the Y
+3

 substituted Ni-Zn-Cr ferrites, the 

absorbance decreased as the doping of Y
+3

 increase and the wavelength lies most prominently in 

UV region wavelength 200-380 nm approximately. An intense peak at 470.6 nm pointed toward 

the excitation of π electrons in the spinel cubic structure. Another absorption edge appeared 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, absorption peak at 230 nm was red shifted to 268 nm due to the 

reduction of Y
+3

 substituted Ni-Zn-Cr ferrites.  
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3.4.1 Band gap  

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

calculated by Eq. (11) [32]: 

𝛼ℎ𝑣 = A(ℎ𝑣 − 𝐸𝑔)𝑛                                                 (11) 

 

 
 

Fig.6 Ultraviolet-visible absorption spectra of the Y
+3

-substituted   Ni-Zn-Cr-ferrites    

at x=0.00, 0.02, 0.04 and 0.06 

 

 

 
 

Fig.7 (a-d) Plots (𝛼ℎ𝜈)𝑛 Vs Photon energy (eV) where n=0.5 and 2 

 

 

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

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

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

allowed).It was observed that by increasing the concentration of the Y
+3 

ions in the ferrites band 

gap increases. From Fig. 7 (a-d) illustrated that the direct band gap of Y
+3

 doped ferrites was lower 

than the indirect band gap. 

 

3.5 Dielectric properties  

3.5.1. Frequency dependence of dielectric constant  

Fig. 8 shows the real (έ) part of dielectric permittivity in the frequency range 1 MHz to 

3GHz measured at room temperature. Dielectric constant was high at low frequency and decreases 
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with the frequency [33]. Koops [34] suggested two factors about dielectric dispersion: (i) Electron 

hopping between Fe
2+ 

and Fe
3+

 ions and (ii) Space charge polarization due to the presence of an 

inhomogeneous dielectric structure.  

 

 
 

Fig. 8(a) Effect of variation on the dielectric constant versus frequency (b) the inset plot shows selective 

values of dielectric constant behavior versus frequency and Y
+3

 content (x) 

 

 

3.5.2 Variation of dielectric loss tangent (tan δ) with frequency  

Figure 9 shows the variation of dielectric loss (tanδ) with frequency and dielectric loss 

follows the trend of permittivity loss. Dielectric losses in ferrite system usually reflect in DC 

electrical resistivity. Therefore, the ferrites consisted of both the conducting as well as poorly 

conducting grain boundaries. Fig. 9 (inset) clearly showed that at high value of frequency, f > 1.5 

GHz many resonance peaks were observed, which were the characteristics of dielectric loss 

tangent appeared due to un-damped dipoles [39]. The condition for observing a maximum in the 

dielectric losses of a dielectric material is given by: 

 

𝜔𝑚𝑎𝑥𝜏 = 1                                                                          (12) 

 

where, 𝜔𝑚𝑎𝑥 =  2𝜋𝑓𝑚𝑎𝑥. Relaxation time(𝜏) is the jumping probability per unit time ‘p’ for the 

ionic/interfacial /electronic polarization and is written as 

 

 𝜏 =
1

2𝜋𝑓𝑚𝑎𝑥
= 2𝑝 (fmax   α  p)                                                    (13) 

 

 
 

Fig.9 (a) Effect of variation on the dielectric loss tangent versus frequency (b) shows inset in the plot 

dielectric relaxation peaks with different Y
+3

 content. 
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The phenomenon of ferromagnetic resonance can be explained on the basis of the Debye 

relaxation process that occurs when the rate of hopping of electrons from Fe
2+ 

to Fe
3+ 

is nearly 

equal to the applied ac frequency.  

 

3.5.3 AC-conductivity 

The electrical conductivity in ferrite was mainly due to the hopping of electrons between 

the ions of the same element present in more than one valence state and distributed randomly over 

crystallographically equivalent sites. It can be observed from Fig.10 that as a normal behavior,                

σac increased with frequency could be expressed at a constant temperature, as   

 

σac= σdc(T)+ σ(ω, T)                                                             (14) 

 

Where, (σdc) is dc conductivity. Moreover, it obeys a power law which could be written as  

 

σac  =  Aω
n                                                                                                          

(15) 

 

Where A is temperature dependent constant parameter having units of conductivity (ohm.cm
-1

) and 

ω is angular frequency. The exponent ‘n’ is a temperature dependent constant having value 

between 0 and 1 [40].Fig.10 shows the variation of AC conductivity as a function of frequency.  

The trend attitude of AC conductivity showed a linear trend with increase of frequency. It was 

observed that for the electric field, the poorly conducting grain boundaries became more active at 

lower frequencies and hence long range inter-well hopping of electrons between Fe
2+

 and Fe
3+

ions 

were less at lower frequencies for x = 0.00. As frequency of the applied field increases, the 

conductive grains promote the intra-well hopping of electron between Fe
3+

 and Fe
2+

ions in the 

octahedral sites. Therefore we observed a gradual increase in ac conductivity with frequency. The 

frequency dependence can be explained with the help of Maxwell–Wagner two-layer model or the 

heterogeneous model of the polycrystalline structure of ferrites [43-44].According to this theory 

two layers form dielectric structure. The first layer consisted of ferrite grains of fairly well 

conducting (Fe
2+

; ferrous ions), which was separated by a thin layer of poorly conducting 

substances, which forms the grain boundary. These grain boundaries were more active at lower 

frequencies; hence the hopping frequency of electron between Fe
2+

 and Fe
3+

 ions were less at 

lower frequencies. As the frequency of the applied field increased, the conductive grains became 

more active by promoting the hopping of electron between Fe
2+

 and Fe
3+

 ions, thereby increasing 

the hopping frequency. Thus we observed a gradual increase in conductivity with frequency. 

 

 
 

Fig. 10 AC conductivity as a function of frequency for Ni-Zn-Cr-Y-Fe spinel ferrites 

 

 

Fig.11 shows the plot between log (𝜎) and log ( ) in which ac conductivity increases with 

the increase of the applied field frequency. The increase in applied field frequency increases the 

hopping frequency between Fe
2+

 and Fe
3+

 and as a result the conductivity increases. In the present 

study, we have found that the reason for conduction in the synthesized samples were due to the 
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mechanism of hopping. The value of exponent ‘n’ varies between 0.48 and 0.59, which supported 

this finding. 

 

 
 

Fig. 11 Variation of log (ϭac) versus log (ω) for Ni-Zn-Cr-Y-Fe spinel ferrites 

 

 

3.5.4. Relationship between the dielectric constant and the resistivity 

Fig.12 shows the relationship between the product values of dielectric constant and 

resistivity vs frequency from 1MHz to 3GHz.  

 

 
 

Fig.12 Relationship between έ√𝜌 and frequency for Ni-Zn-Cr-Y-Fe spinel ferrites 

 

 

The product of έ√𝜌   decreased with the increase of applied frequency and became 

constant after 10 MHz.  

 

 

4. Conclusions     
 

The single phase spinel ferrites Ni-Zn-Cr-Y-Fe successfully synthesized using co-

precipitation technique as confirmed by XRD analysis. The lattice constant lie in the range 8.354 -

8.430 Å and the average crystallite size calculated using Scherrer’s formula lie in the range of 30.3 

-106nm. The optical band gap of the prepared samples was obtained from UV-vis spectroscopy 

which revealed increase (𝐸𝑑𝑔 < 𝐸𝑖𝑔) with the increase of Y
+3

 ions content due to the formation of 

oxygen vacancies and the induction of lattice distortions, the electrical conductivity (σ) decrease. 

SEM analysis confirmed the morphology of the synthesized material. Yttrium Y
3+

 ions acted as 

grain growth inhibiter, which reduced the complex permeability. The variation of dielectric 

constant and loss tangent with frequency followed Maxwell-Wagner polarization model. The 

synthesized ferrites can be useful high frequencies microwave devices. 
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