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ABSTRACT 
Nano-crystalline Zn doped cobalt ferrite powders (0.0, 0.2, 0.4, 0.6, 0.8 and 1.0) were 

effectively combined of "Green Chemistry" new material for acquiring nanoparticles by compound 
co-precipitation technique has been produced. The auxiliary, morphological and attractive properties 
of the items were controlled by X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), 
Transmission Electron Microscopy (TEM) and Vibrating Sample Magnetometery (VSM). X-ray 
investigation demonstrated that the examples were cubic spinel. SEM pictures uncover that the 
examples' surfaces display very much characterized crystalline nanoparticles of circular shapes with 
little agglomeration. Raman spectra also prove spinel ferrite crystal structure of synthesized 
nanoparticles. The expansion of Zn particles caused a reduction in the normal crystallite size, 
polarization and the coercive field of the example. The watched reductions in immersion charge and 
coercivity are clarified on the bases of exchange interactions. The nearness of superparamagnetism 
with little coercivity (delicate ferrite) demonstrating the examples are great possibility for 
applications in high-recurrence transformers. 
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INTRODUCTION 
Investigators have been concerned in studying materials in their nanoscale dimensions due to 

their high surface area resulting to developed properties in comparison with the bulk materials 

counterpart1–6. Spinel ferrite (SF) materials with a common formula of AFe2O4, where A stands for 

metals as (Mn, Co, Ni, Mg, or Zn), are well known of their remarkable electrical, optical, and 

magnetic properties, especially in nanometer scale 7–9.  Doping with metal ions as (Zn, Co, Sr, and 

Gd) was aimed to developed the physicochemical properties of ferrite nanoparticles (NPs) essential 

for their use such as photocatalysis 10, 11 in photo degradation of dyes and as antibacterial agents 12, 13, 

industrial applications 14, and electrochemical energy storage materials15, 16. Studies proved that 

doping influences the structural 17, optical 18, electrical 17, 19, infrared radiation properties 20, 21, and 

magnetic properties 22, 23 

Cobalt ferrite is a ferromagnetic cubic spinel and important in numerous scientific uses such 

as magnetic recording media, magnetic refrigerators, microwave devices and other high frequency 

appliances 24. It is a well-known hard ferrite material that has been studied in detail, due to its very 

high cubic magneto crystalline anisotropy, reasonably saturated magnetization, high wear resistance 

and good electrical insulation 25. It displays different magnetic properties depending on the thermal 

history, composition and site preference of the cations among the tetrahedral (A) and octahedral (B) 

sites 24-26. The partial substitution of transition metal in the CoFe2O4 offers an excellent chance for 

engineering specific magnetic interactions in the crystal lattice 27. The addition of nonmagnetic zinc 

in cobalt ferrite raises saturated magnetization, due to zinc being the transition metal with strong A-

site preference 26. Thus, Y. K¨oseo˘gul et al. 25 prepared a cobalt zinc ferrite nano particle by using 

the microwave method. It was recorded from the magnetic properties studied that the composition, 

Co0.8Zn0.2Fe2O4, has the highest value of saturated magnetization. However, the oxidative state of 

all elements in the samples has still to be examined in any great extent. Therefore, this work aimed to 

study the valence state of structural elements by synthesizing CoFe2-xZnxO4 powders using solid 

state reaction, which is a very easy and the significant economical method 28. The samples were 

characterized by various techniques and then studied for their structure, magnetic behavior and 

oxidative state of each structural element. 

It is well known that the preparation technique has a direct influence on the nanoparticle’s 

shape and size and thus can affect the physical and chemical properties of nanostructures. The 

magnetic ferrite particles in the nanoscale regime can be synthesized by different method like soft 

chemical techniques such as co-precipitation, hydrothermal, sol–gel, etc. But the major benefit of co 

precipitation technique resides in offering particle size in the nanoscale regime with a high 

crystallinity. Such individual nanoparticles have a large constant magnetic moment and performed 
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like a giant paramagnetic atom with a rapid response to applied magnetic field with negligible 

remanence and coercivity (super magnetic behavior). Nanoparticles can also result in a low 

saturation magnetization. These features make super paramagnetic nanoparticles very attractive for a 

broad range of application in particular biomedical field. Therefore, the magnetic properties of 

nanoparticles highly depend upon the synthesis technique. Nanocrystalline CoFe2O4 with unique 

properties has potential uses in high frequency device, memory core, recording media, and in 

biomedical field. It is known that zinc ions (Zn2+) with diamagnetic nature are recognized for 

achieving good control over magnetic parameters in increasing technically important materials. 

Substitution of magnetic (Co2+) by a nonmagnetic (Zn2+) cations in spinel ferrite phase may induce 

significant alteration in their structural, optical, magnetic, and others properties, due to the 

distribution of cations in between the available A and B sites. However, a detailed study on the 

structural, elastic, optical, and magnetic properties of Zn2+-doped CoFe2O4 nanoparticles obtained by 

co-precipitation technique in the largely region has not still been recorded so far. The aim of the new 

work is to synthesize nanoparticles of Co1−xZnxFe2O4 with x differing from 0 to 1% from metal 

salts by co-precipitation of hydroxides. The influence of Zn substitution on the structural, optical, 

and magnetic properties for this system has also been discussed. 

MATERIALS AND METHODS 

Materials 
The forerunners Co (NO3)2•6H2O, (Merck, Kenilworth, NJ, USA) and Fe (NO3)3•9H2O 

(Merck) were used as oxidizing specialists. The two synthetic concoctions were of explanatory 

review and used without more refinement. Eichhornia crassipes plant extract was used as the 

reducing agent. Each alignment was prepared utilized deionized water. 

Preparation of Plant Extract 
Eichhornia crassipes is one of the helpful curative plants which got from the South America. 

Eichhornia crassipes is known as Water Hyacinth in common name and also known as Venkayattamarai 

and Jalakumbi; Eichhornia crassipes extricate was prepared utilized 5 g segments of products, which 

were totally washed without the use of dangerous natural mixes. The supernatant was expelled, and the 

internal part (gel of the plant) was finely cut and mix together with 30 ml of deionized water. This blend 

was modified for 1 h used an attractive stirrer at 32°C to frame a homogeneous alignment. The 

arrangement was sifted and used as the concentrate. 
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Preparation of Tin-Substituted Cobalt Nano-Ferrites 

A progression of Sn doped cobalt ferrite test were prepared with the nonexclusive equation 

CoZnx Fe2-xO4 (0.0, 0.2, 0.4, 0.6, 0.8 and1.0) due to standard synthetic co-precipitation strategy. 

Stoichiometric measure of explanatory review Co (NO3) 2 .6H2O, Sn (NO3) 2 .9H2O, FeCl3, were 

broken up in de-ionized water and blended on an attractive plate. The concentrate of Alfalfa was then 

added drop to the solution beneath overwhelming blending for a few hours at room temperature till 

the point when a reasonable alignment was acquired. To the above alignment, NaOH was slowly 

having drop shrewd till the pH of the arrangement turned 7. The pH of the arrangement was raised to 

10 and from that point, procedure for two hours at 80ºC with persistent blending to guarantee 

significant response occurred. The arrangement was cooled and rinsed with de-ionized water over 

and over to convey the pH down to 7. Subsequent to evacuating the abundance hydroxyl particles, 

the arrangement was at long last washed with ethanol, and left to dry. The dried examples were 

sintered at 1100ºC for 3 hours and ground to get a mass of fine dark powder. Every one of the 

portrayals was acted with this dark powder. The auxiliary portrayal of the example was complete 

using a Rigaku: Ultima IV X-beam diffractometer with a Cu goal containing trademark wavelength 

Cu-Kα of 1.5406 Aº. The example was at a rate of 0.02º each second in the precise scope of 20º to 

80º. The transmission electron microscopy was totally used a JEOL 2010 model electron magnifying 

lens. The hysteresis and the M-T estimations were totally used a SQUID magnetometer (Quantum 

Design). The examples are assigned as Zn0.0, Zn 0.2, Zn 0.4, Zn 0.6, Zn 0.8 and Zn 1.0 as per the 

grouping of dopant (Zn) recent in the example. 

Characterization Techniques 
Auxiliary distinguishing proof and stage research of Zn-Co ferrites were totally by XRD 

thinks about using Bruker D8 advance (Model No. 204795) X- ray beam Diffractometer. The XRD 

estimations were acted by CuKα radiation (λ = 1.5406 Å) in the scope of 2θ = 20˚ to 80˚ in the 

means of 0.02˚. Spinel sorts of valuable stone structure without containing a few further middle of 

the road stages and high virtue stage of constituent powders were affirmed by XRD think about. The 

Fourier Transform Infrared (FTIR) spectra of the got powders were recorded used FTIR 

spectrometer (Thermo electron organization, Serial No: AEU0500303) in the wave number range 

4000 cm−1 to 500 cm−1 using Br pellets to endorse the spinel structure of the examples. 

Transmission Electron Microscope (TEM) strategy was used with the final objective to research the 

nanostructure of the item material. The example for TEM was prepared by setting a drop of ethanol 

suspension of the nanoparticles on carbon-covered Cu TEM frameworks. The networks were 

examined using a transmission electron magnifying lens (FEI Tecnai G2 S-Twin 200 kV). With the 
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last aim to think about the attractive properties, VSM (Lake Shore display 7407) examination was 

utilized at a room temperature with greatest connected attractive field of 15 kG. 

Bacterial Strains and Cultivation 
Bacterial strains including Escherichia coli, S. Haemolyticus, Aeromonas hydrophila, 

Cronobacter sakazakii, Aeromonas salmonicida and Basillus subtilis were used for experiment. 50ml 

of LB broth was prepared in 250ml conical flask and the bacterial strains were grown in this medium 

at 370.C on an orbital shaker. The culture flask was inoculated at 0.1 OD 600nm with freshly 

prepared LB medium under same culture conditions. The mid log phase bacterial cultures were used 

for the antibacterial studies.  

Disk Diffusion Method 
0.1 OD of overnight different bacterial cultures was swabbed on the 25ml LB agar plates. 

Then the whatman disk was placed on the plates. About 30ul of of undoped and Zn doped samples 

were add on that whatman disc and incubate for overnight at 37oC. Streptomycin was used as a 

standard. 

RESULTS AND DISCUSSION 

X-ray Diffraction Analysis 
  X-ray diffraction (XRD) was performed on the powders calcined at 800 °C and the XRD 

patterns of every the samples were shown in Fig. 1. The obtained patterns confirmed the formation of 

a homogeneous single phase having cubic spinel structure with the space group Fd3m. The patterns 

showed diffraction peaks of Co1−xZnxFe2O4 (x = 0.0, 02, 0.4, 0.6, 0.8, 1), corresponding to (220), 

(311), (400), (331), and (440) reflections. All XRD patterns are investigated by utilizing the Rietveld 

technique and FullProf program. The result shows that the lattice parameter a slightly increases with 

Zn2+-doping content as shown in Table 1. The increase of a with x can be explained on the basis of 

the difference in ionic radii of Zn2+ and Co2+. The smaller ionic radius of Co (0.58 Å) was replaced 

by the larger ionic radius of Zn (0.6 Å) so the lattice parameter increased due to the enlargement of 

the unit cell. By dividing Kα-doublet of every observed peak, it is found that the peaks would be 

implicitly described by the Cauchy function. Therefore, while determining the physical broadening, 

the hardware broadening is subtracted from the integral width of the experimental peaks. 

Considering that, the forms of mathematical functions that described different type of physical 

broadening are unknown, thereby different method were roposed to determine microstructural 

parameters (crystallite size and microstrain). The analysis of the crystallite size has been carried out 
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using the broadening of XRD peaks. It is known that peak broadening results from both finite 

crystallite size and strain effect within the crystal lattice 29.  

The broad XRD lines in the pattern indicate that the particles are in nano scale. From the 

XRD data crystallite size was calculated using Scherrer’s formula Eq 30. 

 
Where λ is the wavelength of the X-ray used (1.5406 Å), β is the full width at half maximum.  

The lattice constant (a), hoping length for tetra (La) and octahedral (Lb) sites were obtained from the 

following relations [31]. 

 

 

 
Where ‘d’ is spacing between the planes, (h,k,l) are the miller indices. The calculated lattice 

constant (a), particle size (D), tetrahedral and octahedral hoping length are tabulated in Table 1. 

From the Table 1, it is evident that the decrease in the value of lattice constant, crystallite size and 

tetrahedral and octahedral hoping length with increase in Cr content. The decrease in lattice constant 

takes place due to the difference between the ionic sizes of Fe3+ (0.645 Aº) and the substituted Zn 

(0.615 Aº) ions. It is well known that the Hoping length explains the distance between the magnetic 

ions and provides valuable information about strength of spin interaction. The difference in ionic 

radius between the impurity cations and the substituted cations are the strong indications for change 

in hoping length 32.  

 
Fig.1- X-ray diffraction pattern of (a) pure, (b) 0.2%, (c) 0.4%, (d) 0.6%, (e) 0.8% and (f) 1.0 % Zn doped Co-

ferrite samples 



 S. Sobana et al., IJSRR 2019, 8(2), 3638-3653  

IJSRR, 8(2) April. – June., 2019                                                                                                         Page 3644 

Table 1- Structural parameters of ZnxCoFe2−xO4 (x = 0.0 to 1.0). 
Compound 

(x) (Zn) 
Lattice constant 

(a) (Aº) 
Average Particle 

size (D) nm 
La (Aº) Lb (Aº) 

0 8.3945 38 3.6384 2.9668 
0.2 8.3917 31 3.6335 2.9659 
0.4 8.3880 30 3.6314 2.9646 
0.6 8.3860 26 3.6303 2.9638 
0.8 8.3824 24 3.6285 2.9626 
1 8.3806 21 3.6276 2.9619 

 

Surface Morphology of Co-Zn Ferrites 
The scanning electron micrographs (SEM) of Zn-doped CoFe2O4 models (with x = 0.2 and x 

= 1) shown in Fig. 2 displayed the formation of agglomerates of very fine particles with almost 

spherical shape. It can be seen that the Fig. 2 showed heavily concentrated particles of nanoscale 

regime for Co0.8Zn0.2Fe2O4 and Co0.5Zn1Fe2O4 samples. This is due to its permanent magnetic 

moment; hence, each particle is permanently magnetized and tends to agglomerate with other 

particles. The Zn substituted nanoparticles possess higher magnetic moment leading to more 

clustering.  

All the SEM pictures have homogeneous grain estimate circulation, very much pressed and 

are relatively break free. Agglomeration of nanoparticles occur because of the presence of these 

agglomerates might sinter process as of concoction response. It is accounted for that if there should 

happen an occurrence of a spinel ferrite, the molecule estimate diminishes because of a solid site 

inclination of doping component. This process prompts restrict the nucleation procedure and size 

amid the molecule development. In the recent examination 1.0% Zn doped example (Fig. 2) 

displayed homogeneous and better nanoparticles which are further responsive and consequently 

more agglomerated contrasted with undoped test. 

 
Fig. 2- SEM images of (a) undoped and (b) 1.0 % Zn doped samples. 

 

 

A A B 
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Fig.3-TEM images of 1.0% Zn doped Co ferrite nanoparticles 
TEM analysis 

Fig. 3 demonstrates the TEM images and SAED example of Zn doped Co-ferrite 

nanoparticles. For the most part TEM investigation was performed to picture the size, shape and to 

confirm the nano crystalline nature of the Zn-Co ferrite particles. TEM micrograph displays that the 

particles are framed in a controlled way with little and uniform estimated grains. Interstingly, it was 

credited that the sizes of the nanocrystals dictated by TEM were in well correlated with the size 

acquired from X-ray beam diffractograms.  

FTIR Spectroscopy  
The FTIR spectra of Co-Zn ferrite samples are shown in Fig. 4. All spectra consist of two 

main peaks located at about 871cm−1 and 1639 cm−1, which confirmed the formation of spinel ferrite 

structure 33. The ~ 1409 cm−1 peaks is due to vibration mode of tetrahedral sublattice, while 

~3432cm−1 peak is owing to vibration mode of octahedral sublattice in the spinel structure. Structural 

and FTIR data of spinel ferrite are utilized for the estimation of elastic moduli and the Debye 

temperature. The Debye temperature of each sample is measured using the wavenumber of IR bands 
34:  
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Where,  k is the Boltzmann constant, C is velocity of light (c = 3 × 108 cm/s), 

and υav is the average wavenumber of bandsIt is observed that the Debye temperature decreases with 

increasing Zn2+ content and can be associated to the decrease in wavenumber of the peak usually 

attributed to Me-O bond vibration in the tetrahedral site. The Different elastic moduli for cubic 

structure are measured used the standard relations discussed elsewhere 34–36: Figure 4 displays that 

with increasing Zn content, each elastic moduli increase except B. This behavior of elastic moduli is 

attributed to the interatomic bonding between various cation within spinel ferrites. The values of 

Poisson’s ratio for each samples remain almost constant, i.e., in the range 0.19–0.27. It has been 

recorded that a value that lies within the range between−1 and 00.5 implies a good elastic behavior 

and is in accordance with the theory of isotropic elasticity [34, 36]. This value of the Poisson ratio is 

in good agreement with Al-substituted Mn0.5Zn0.5Fe2O4 ferrite 36.  

 
Fig.4- FTIR spectra for ZnxCoFe2−xO4 with x = 0.0 (a), 0.2 (b), 0.4 (c), 0.6 (d), 0.8 (e) and 1.0 (f)  

Optical properties  

Fig. 5 shows the UV-visible transmittance spectra of the Zn substituted Co ferrites, the 

transmittance increases as the doping of Zn. Fig. 5 black colour shows at x = 0, the tranmittance is 

very low but at x = 1, the absorption is maximum. For the other four diverse concentrations i.e. (at x 
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= 0.2, 0.4, 0.6, 0.8 &1 ) transmittance is very near to each other but at lower wavelength its value is 

high. But the common movement for all the six curves displays the same behavior. 

 
Fig.5- UV Transmittance spectra for ZnxCoFe2−xO4 with x = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0% 

Raman spectroscopy  
Raman spectroscopy system was used to comprehend the arrangement and clarity of prepared 

Zn doped cobalt ferrite nanoparticles. The Raman spectra of undoped and Zn doped cobalt ferrite 

nanoparticles are presented in Fig.6. The most exhaustive Raman modes of cobalt ferrite were 3F2g 

(212, 482 and 577 cm-1), one Eg (333 cm-1) and one A1g (702 cm-1) modes 37. Raman peaks over the 

region of 565 - 735 cm-1 stand for the vibrational modes of octahedral-site and those in the 1119-

1364 cm-1 area corresponds to the vibrational modes of tetrahedral-site of ferrites 38. In the present 

synthesized samples, the vibrational mode with Raman shift observed around at 642 cm-1, which is 

originated due to the metal-oxide bond in the tetrahedral site 39. Raman spectra established the 

absence of any impurity in Al3+ doped cobalt ferrite nanoparticles. 
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Fig.6- Raman spectra f ZnxCoFe2-xO4 (0.0-1.0) nanoparticles. 

VSM Measurements 
CoFe2O4 displayed a ferromagnetic behavior with a wide hysteresis loop (Fig. 6). Doping 

with Zn ions reveals also a ferromagnetic behavior while induces important changes in the magnetic 

properties; the hysteresis loop reduced drastically with Zn content. Ms was found to increase with Zn 

to reach an optimum value of 114 emu/g for 20% Zn content and then decrease to 82 emu/g for 50% 

Zn content (Fig. 6). At lower concentrations, Zn ions occupy preferentially tetrahedral A sites of 

CoFe2O4 whereas for higher concentration, Zn ions have the tendency to move to octahedral B sites 

(Fe). It is surprisingly interesting that the substitution of magnetic Co (μB = 3) with a nonmagnetic 

Zn (μB = 0) shows in a 25% increase in Ms Value. HC is found to reduced with increasing the 

concentration of Zn. HC decreases drastically by more than 50% with only 10% of Zn, while Mr 

decreases linearly and slowly with Zn content reaching a reduction of 77% for 50% Zn substitution 

in comparison with pure CoFe2O4. It is recorded that at particular range of grain size, HC and Mr 

become highly sensitive to the changed in grain size 40, which is consistent with the obtainable 

conclusion. At smaller ranges of crystallite size (D), HC and Mr shows a rapid reduction as D 

increases, as a slow decrease is noticed as D gets larger. This relation is significant for the Zn-doped 

CoFe2O4. 
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Fig.7- M-H loop of ZnxCoFe2−xO4 (0.0-1.0) nanoparticles. 

Antibacterial Activity 
            Interestingly, Zn doped is a promising candidate which shows an excellent 

antibacterial activity against all bacteria. In this present work antibacterial activity of 

undoped and Zn doped cobalt ferrite against bacterial strains Escherichia coli, S. 

Haemolyticus, Aeromonas hydrophila, Cronobacter sakazakii, Aeromonas salmonicida and 

Basillus subtilis were investigated by the disc diffusion agar method.  From the table it is 

evident that both undoped and Zn doped Cobalt ferrite showed activity towards all pathogens. 

From the table it is found that zone of inhibition of  Zn doped cobalt ferrite is higher than that 

of the undoped cobalt ferrite which may be due to the reason that the particle size is lower in 

case of  Zn doped cobalt ferrite. This implies that the particle size is one of the key factors to 

influence the antibacterial activity.  Sourav Das et al. 2017 41 stated the similar results of 

antibacterial activity against Escherichia coli by Solar-Photocatalysis using Fe-doped ZnO. 

Jones et al. 42 tried to identify the potential antibacterial effect of ZnO nano structure against 

both Gram-positive (S.aureus, Bacillus subtilis) and Gram-negative (E.coli) microorganisms. 

In comparison with these results mentioned above, our results showed better growth of 

inhibition against both bacteria.  
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Table 2- Antibacterial activity of pure and Zn doped sample 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
Zn-doped CoFe2O4 NPs have been successfully synthesized using of chemical co-

precipitation route. XRD and FTIR proved the formation of single cubic spinel phase. Doping with 

Zn displayed a considerable effect on structural, spectral, and magnetic properties. The crystallite 

size and lattice parameter increase gradually while increasing Zn content. This can be associated 

with ionic radii (Zn is larger than Co) and that Zn favors grain improvment. The line broadening was 

analyzed by the Scherrer formula, W-H analysis, and the SSP technique. The TEM result was in 

good agreement with the conclusion of the SSP method. SEM analysis displayed spherical-shaped 

particles forming agglomerates. The energy gap (Eg) is found to increase for 10% Zn and then 

remains constant for higher doping level. Magnetic measurements reveal a ferromagnetic behavior 

while the hysteresis loop tends to reduce with Zn concentration. Ms is found to be sensitive to Zn 

concentration, while Ms and HC decrease dramatically with increasing the amount of Zn. 
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