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A series of spinel ferrites with composition ZnxCo1-xFe2O4 (0 ≤ x≤ 1) has been synthesized 

via co-precipitation route. The samples have been characterized by means of X-ray 

diffraction (XRD), Scanning electron microscope (SEM), Fourier transform infrared 

(FTIR) spectroscopy, UV-visible spectroscopy and Photoluminescence (PL) spectroscopy. 

X-ray diffraction (XRD) technique was applied to characterize the nanoparticles. The 

particle size of the obtained samples was calculated by using Sherrer’s formula were found 

in the range of (30 to 70 nm) on annealing at 700 
o
C. The scanning electron microscope 

was used to study the morphology of the synthesized samples which revealed the 

heterogeneous grain size distribution. FTIR transmittance spectroscopy was used to 

investigate the bonding among different atoms present in the sample. The frequency bands 

near 564-588cm
-1 

and 425-442 cm
-1

 are assigned to the tetrahedral and octahedral clusters 

which confirm the presence of metal oxygen (M-O) stretching band in ferrites. UV-visible 

spectroscopy was used to calculate optical energy band gap by using Tauc relation. 
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1. Introduction 
 

Recently, attention in nano-sized spinel ferrites has significantly increased due to their 

importance in understanding the fundamentals in nano magnetism [1]. Ferrite with remarkable 

magnetic and micro wave absorbing properties has been widely used in the fields of data storage 

devices, magnetic sensors, actuators, bio-technology, and audio tapes [2]. Ferrite properties 

strongly depend on the chemical composition, cation distribution, sintering temperature and time, 

additive amount of the cations and methods of preparation. The soft magnetic behavior in ferrites 

is caused by the exchange interaction among the cations on the polyhedral sites. The rare earth 

cations having their 4f orbital which play a key role in the electrical and magnetic properties of 

ferrites [3].From bulk material to nanoscale level magnetic properties of  ferrites changes, 

consequently bulk zinc ferrite is anti-ferromagnetic then it turns to ferromagnetic or super 

paramagnetic as size of particle reduces at nano scale [4-7]. Now a day’s family of spinel ferrites 

with chemical formula MFe2O4 (where M represents divalent ions of the transition metal elements 

such as Ni, Cu, Co, Zn, Mg and Mn etc.) are widely used at commercial level due to their excellent 

magnetic and electrical properties. On the base of metal ions distribution at A and B sites there are 

three types of spinel ferrites namely normal, inverse and random. Spinel ferrites possess cubic 
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structure. There are 8 molecules in unit cell of the spinel structure. In that cubic cell, 32 octahedral 

and 64 tetrahedral sites are available but out of them only 16 octahedral and 8 tetrahedral sites 

occupied by metal ions [8-9]. ZnFe2O4 have spinal structure with tetrahedral sites occupied by zinc 

ions (Zn
2+

) and octahedral sites by iron ions (Fe
3+

) respectively [10]. Properties of ferrites are 

highly sensitive to their synthesis methods, synthesis parameters, nature of substitutions and their 

compositions. So for there are many synthesis strategies for spinal ferrites such as hydrothermal, 

co-precipitation and sol gel method etc [5]. Recently Lopez et.al [11] synthesized zinc doped 

cobalt ferrites nanoparticles via co-precipitation method. They claimed that as Zn concentration 

increases, the particle size and coercive field decreases gradually. Ghasemi et.al [12-13] 

synthesized Zn1-xCoxFe2O4 nanoparticles powder via sol-gel method and demonstrated that by 

increasing cobalt concentration magnetic properties changes from paramagnetic to ferromagnetic. 

They also concluded that increment of cobalt content in ZnFe2O4 enhanced saturation 

magnetization and coercivity. There has been lot of work done towards CoFe2O4 side, but serious 

lack of systematic investigations in ZnxCo1-xFe2O4 system towards ZnFe2O4 sides [14]. Hence an 

interesting aspect to study such types of system our current research work is the synthesis of 

ZnxCo1-xFe2O4 nanoparticles with interval 0.2 (0 ≤ x≤ 1) by using co-precipitation technique. Our 

main focus is to investigate the structural properties of whilst ferrites. The X-ray diffraction pattern 

and microstructure of prepared nanomaterials are discussed as function of Zinc content. 

 

 

2. Materials and methods 
 

All the chemicals were purchased from Sigma Chemicals USA and were used without 

extra purification (99.9% purity). Chemicals used in the synthesis were (CoCl2⋅6H2O, ZnCl2, 

FeCl3⋅6H2O and NaOH). For synthesis of ZnxCo1-xFe2O4 nanoparticles, 0.5M solution of 

CoCl2⋅6H2O and 0.5M of ZnCl2 were prepared in 50 ml deionized water, separately. A 1M 

solution FeCl3⋅6H2O was also prepared in 50mL deionized water. Solutions of CoCl2⋅6H2O and 

ZnCl2 were subsequently mixed in FeCl3⋅6H2O solution. A homogeneous solution was obtained by 

stirring both solutions over a hot-plate at 65 0
C and moderate speed (60 rpm) for 30 min. A base 

solution of 3.5M NaOH was used to adjust the pH of solution at 10. During drop wise addition of 

base solution, homogeneous solution was continuously stirred. It took around 120 min until a 

reddish brown precipitates were formed. For the refinement of the structure of nanoparticles, 

thermal decomposition of chlorides of cobalt, zinc, and iron was done. Subsequently synthesized 

nanoparticles were cooled to room temperature and digestion was performed for 120 minutes to 

get settle the particles at the bottom of the beaker. Grade 520A filter paper of nano sized pore was 

used for filtration of ZnxCo1-xFe2O4 precipitate. Consequently acquired precipitates were washed 

several time with de ionized water and ethanol so that the chlorides were removed completely and 

the pH of residual solution reached to 7. The sample was placed in an oven (18EG Lab. Oven 

USA) and dried at 100 ºC for 4 h [15]. Fine powder was obtained by grinding of dried sample with 

the help of pestle and mortar and then calcination was performed in a muffle furnace (Tanur 

Vulcan Muffle Furnace Digital D550 USA) at 700 °C for 3 h. 

 

2.1. Characterizations 

ZnxCo1-xFe2O4 formation was confirmed by the XRD with Cu Kα (λ=1.5405Å) results. 

Scanning electron microscope (JEOL JSM6360 USA) was used to study overall morphology of 

nanoparticles and a gold coated specimen was used for this purpose. For the study of functional 

group FTIR analysis was performed. Furthermore UV-Vis-NIR spectrophotometer at room 

temperature was used to study the UV–Vis absorption spectra.  

 

2.2. Calculations 

The structural parameters such as lattice constant (a), unit cell volume (Vcell), crystallite 

size (D), bulk density, X-ray density and porosity were calculated from XRD data using the 

following formulae [16-17]. 

 𝑎 =
𝜆

2𝑆𝑖𝑛𝜃
√ℎ2 + 𝑘2 +  𝑙2  , (1) 
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 Vcell =  a3, (2) 
 
 D =  

k λ

B(hkl)cosθ 
 , (3) 

 
 ρX−ray =

Z M

NA  V
 , (4) 

 
Here ‘a’ is lattice constant, (hkl) are Miller indices, V is the unit cell volume, Z represents 8 

molecules per unit cell of the spinel structure, NA is the Avogadro’s number and M is the 

molecular weight of the sample. Scherer’s formula ascribed by Eq. 3 was used to calculate the 

crystallite size (D) nm, where K is the shape factor, λ is the X-ray wavelength and θ is the Bragg’s 

diffraction angle and B(hkl) is the integral width (defined as the peak area divided by peak height) 

of peak in radian.  

 
 
3. Results and discussions  
 

3.1. Crystal Structure Analysis  

The X-ray diffraction patterns of CoZnFe2O4 nanoparticles calcined at 700 0C revealed 

highly crystalline and intense diffraction peaks corresponding to simple cubic structure. Some 

minor phases were also present. Well defined peaks are (220), (311), (400), (511) and (440) of 

spinel structure can be observed in the Fig.1. The strongest reflection of (311) plane represent 

cubic spinel structure. As minor phases, additional peaks of ZnO, hematite [18-20] and CoO was 

also be observed. 

 

 
 

Fig.1 XRD pattern of ZnxCo1-xFe2O4 ferrites (0 ≤ x≤ 1) at 700 
o
C for 3 h. 

 

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

of Zn substituted Co-ferrites annealed at temperature 700 
o
C for 3 h. 

 

Composition/FW 
Lattice constant 

a (Å ) 

Volume of the 

unit cell ( Å
 3
) 

Crystallite size 

<D>(nm) 
X-ray density 

Dx (g/cm
3
) 

CoFe2O4  (234.623) 8.3765 587.75 21.2 5.26 

Zn0.2Co0.8Fe2O4 (235.912) 8.4089 594.58 35.3 5.27 

Zn0.4Co0.6Fe2O4 (237.202) 8.4081 594.41 30.2 5.30 

Zn0.6Co0.4Fe2O4(238.781) 8.3996 592.61 20.2 5.39 

Zn0.8Co0.2Fe2O4(239.781) 8.3865 589.86 20.1 5.40 

ZnFe2O4  (241.07) 8.4175 569.41 30.3 5.37 
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             3.2. FT-IR Spectrum Analysis 

Fig.2 shows the FTIR spectra of representative sample Zn0.6Co0.4Fe2O4 that were recorded 

in the range of 500-4000 cm
−1

.The common features of ferrospinel ferrites spectra exhibit bands 

below 1000 cm
-1 

are metal oxygen (M-O) vibration mode .These spectra represent characteristic 

features of spinel ferrites. It has been  observed that the high frequency band lies in the range 524-

579 cm
-1 .

There is a not found any kind of other group peaks which meant that the synthesized 

material finger print free from organic compounds. The absorption bands are assigned to metal 

oxygen stretching frequencies. The observed stretching frequency is expected to appear at higher 

frequency compared to the M-O stretching frequency of octahedral (Oh M-O) sites [21]. 

According to Waldron [22] the vibrations of the unit cell of cubic spinel can be constructed in the 

tetrahedral site and octahedral site. Meanwhile, it can be seen that the bands frequency shifts 

slightly towards higher frequency side from 530.06-533.86 cm
−1

, 538.09-537.88 cm
−1

. These 

recorded values of the spectra identified as the (M-O) metal oxygen stretching vibrations of the 

spinel ferrite. Thus, the replacement of Fe ions with Cobalt ions at octahedral sites have different  

ionic radius and  atomic mass, is the important reason of the observed shift in the band position. 

 

 
 

Fig.2 FT-IR Spectra of Zn-substituted Co- ferrites at x = 0.6. 

 

 

3.3 Morphology analysis 
 

Fig.3(a-d) shows the morphology of Zn-substituted Co ferrites (with x = 0.2, 0.4, 0.6 and 

0.8) at annealing temperatures 700 
0
C for 3 h by co-precipitation method. It is observed that 

surface of the images of pallets is appeared roughly not a smooth surface. The compact pallet 

reveals that the heterogeneous grain size distribution. It is noteworthy that the recorded images that 

taken without any gold coating. The surface morphology shows that the shape of the synthesized 

material approximately uniform in micron size determined by line intercepts method. Moreover, it 

is observed that the grain size decreases with the increase of Zn substitution in the Co-ferrite. 
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Fig.3 Micrographs of Zn-substituted Co- ferrites at x= 0.2, 0.4, 0.6 and 0.8. 

 

 

3.4 Optical characteristic 

The energy band gap of the material is determined by using UV-visible spectra according 

to Tauc relation [23], 

 

 αhv = A(hν − Eg)
n

, (5) 

 

Where Eg the energy gap, constant A is different for different transitions, (hν) is the energy of the 

photon and n is an index which assumes the value 1/2, 3/2, 2 and 3 depending on the nature of the 

electronic transition responsible for the reflection. The value of n is 1/2 for allowed and 2 for 

forbidden direct energy gap for ferrites [24]. Further, the value of α has been calculated by the 

following relation, 

 

 α = 4πk/λ , (6) 

 

where λ is wavelength in nm and k is absorption index. 

The optical band gap and the absorption coefficient of the synthesized ferrites ware calculated by 

Eq. (5 and 6), respectively [25]. Fig.4 illustrates the UV-visible absorbance spectra of the Zn 

substituted Co ferrites, the absorbance decreases as the doping of Zn. Fig. 4 (a) shows at x = 0, the 

absorption is maximum but at x = 1, the absorption is very low. For the other four different 

concentrations i.e. (at x = 0.2, 0.4, 0.6, 0.8) absorption is very near to each other but at lower 

wavelength its value is high. But the general trend for all the six curves shows the same behavior. 

The similar trend has also been observed for lnα in Fig. 4 (b). 

The absorption coefficient α is related to extinction coefficient K by [26], 

 

 K = 
αλ

4π
 , (7) 

 

The Reflectance (R) is be written as in term of refractive index (n) [27] as, 

 

 R = 
(𝑛−1)2

(𝑛+1)2 , (8) 

 

It can also be written in terms of absorption coefficient as, 
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R = 

1 ∓ √1−exp (−𝛼𝑡+exp (𝛼𝑡)

1+exp(−𝛼𝑡)
 , (9) 

 

 

          
 

Fig  4.  (a) UV spectrum absorption (b) absorbance coefficient ln(𝛼) of the Zn-substituted Co-ferrites. 

 

 

                     
 

Fig.5 (a) Extinction coefficient (b) Refractive index of the Zn-substituted Co-ferrites. 

 

 

From the above equation, the refractive index n can be derived as, 

 

 
n = −

(𝑅+1) ∓ √3𝑅2+10𝑅−3

2(𝑅−1)
 , (10) 

 

Fig. 5(a) shows the plot of extinction coefficient (K) as a function of wavelength. It shows 

at x = 1, the extinction coefficient is maximum but at x = 0.0, the extinction coefficient is very 

low. For the other four different concentrations i.e. (x = 0.2, 0.4, 0.6, 0.8) are very near to each 

other. For higher wavelength, plot shows the high value of extinction coefficient, but the general 

trend for all the six curves of the extinction coefficient shows the same behavior with spectral 

dependence. The dependence of the refractive index (n) with the wavelength is shown in Fig. 5(b). 

For lower wavelength, plot shows the lower values of the refractive index, but the general trend for 

all the six curves shows the same behavior with wavelength. 
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Fig.6. (a) Plots (𝛼ℎ𝑣)2 Vs Photon energy (eV) and (b) (𝛼ℎ𝑣)1/2 Vs Photon energy (eV). 

 

 

The value of optical energy band gap (Eg) has been calculated for the all samples by (αhv)
2
 

vs. hv plots  see Fig. 6(a). The values of Eg for different samples were found by extrapolating the 

linear portion to the hv (i.e. α = 0) determine the energy band gap Eg to be vary 2.5 eV to 3.1 eV. It 

is observed that by increasing the concentration of the Zn band gap increases. Due to such 

variations structural changes occur into the composition. The allowed direct band gap transition 

for n is 1/2 is shown in Fig. 6(b). 

 

3.5. Photoluminescence spectra 

Photoluminescence (PL) spectroscopy is an excellent technique to obtain useful 

information about energy as well as dynamics of charge carriers produced during the exposure of 

light. PL behavior of spinel ferrites nanoparticles yields information on the energies and dynamics 

of photo generated charge carriers as well as on the nature of the emitting states.  Electron from 

ferrite sample lies in the conduction band, excitonic states and trap states [28-32]. It is well known 

that emission and efficiency are very sensitive to nature of nanoparticles surface, due to the 

presence of gap surface states arising from surface non-stoichiometry and unsaturated bonds. 

Surface trap states allow non-radioactive recombination and enhance luminescence efficiency. In 

spinel ferrites, electrons are present in trap states, excitonic states and conduction bands [33]. The 

Photoluminescence (PL) spectrum of Zn0.4Co0.6Fe2O4 ferrite at room temperature is presented in 

Fig. 7. In the spectrum of the sample the broad emission peak with energy 0.33 eV is attributed to 

the charge recombination which is due to the lattice defects and deep traps of localized surface 

states [34]. These defects in the lattice of nanomaterial are the basis of luminescent properties. 

Moreover, photoluminescence (PL) peak is attributed to the recombination of charge carriers in 

deep traps of surface localized states and lattice defects [35-37]. Therefore such defects are 

responsible for the luminescent properties of the synthesize nanomaterials. In this manner, the 

spectral position and yield of the crystallite fluorescence can be modified by changing the 

chemical nature of the colloid surface. Hence it has observed that the higher wavelength peak may 

come due to some impurity in our material. The presence of defects in the nanoparticle was also 

supported by the SEM images of the sample (Fig.3).  
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Fig.7. Photoluminescence (PL) spectra of the represented sample                                             

at room temperature. 

 

 

4. Conclusions 
 

A series of polycrystalline Zn-substitution Co-ferrites system (ZnxCo1-xFe2O4 where 0.0≤ x 

≤ 0.10 with interval 0.2) synthesized by co-precipitation technique and sintered at 700
o
C for 3 h. 

The effect of Zn-content on the structural parameters has been studied. X-ray diffraction 

confirmed that the high degree of order and mono dispersity of the nanoparticles that exhibits the 

single phase face center cubic structure (FCC).  

The physical parameters of the material revealed that the crystallite size were found in the 

range (30-70 nm) while lattice parameter, X-ray density decreases with the increase of Zn-

concentrations. SEM revealed that the synthesized samples have heterogeneous grain size 

distribution. The energy band gap Eg is in the range of 2.5 eV to 3.1 eV for prepared samples. The 

frequency bands near 525 cm
-1

 and 924 cm
-1

 are assigned to the tetrahedral and octahedral clusters 

which confirm the presence of M-O stretching band in ferrites. So the degree of quantum 

confinement in these spinel ferrites was determined from their optical absorption and 

photoluminescence spectra. 
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