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Abstract: The Nanopowders of Zn, Ni, and Mn doped CoFe2O4 nanopowders via sol-gel method processing at 

pH of 10.3. The synthesized nanopowders are annealed at 700°C for 2 hrs. The average crystallite size was 

investigated by using Debye-Scherrer’s formula and it was found in the values of 48.35 and 20.93 nm, 45.77 

and 8.51 nm and 49.45 and 43.74 nm from the XRD patterns of Zn, Ni and Mn (1 % and 10 %) doped CoFe2O4 

nanoparticles respectively. SEM measurements have revealed that the nanoparticles exhibit large grain 

structures having different morphology with soft agglomerations. The elemental analysis as obtained from the 

energy dispersive X-ray spectroscopy (EDAX) measurement is in close agreement with the expected composition 

from the stoichiometry of the reactant solutions. FT-IR study showed the main absorption bands corresponding 

to the tetrahedral and octahedral stretching vibrations. The magnetic properties of all the synthesized Zn, Ni, 

and Mn doped CoFe2O4 nanoparticles were studied by (VSM) at room temperature. The Saturation 

magnetization and coercive field are strongly dependent on the various levels of doping concentrations. It is 

noted that the sample Saturation magnetization (Ms) and Remanent magnetization (Mr) and Coercivity (Hc) 

values, the room temperature hysterises loop of (1 % and 10 %) of Zn, Ni, and Mn doped CoFe2O4 

nanoparticles were in the range of 0.28 and 1.17, 0.27 and 1.33, 0.28 and 2.0 emu/g and 3.16 and 0.37, 4.18 

and 0.47, 2.89 and 0.48 emu/g and 92.14 and 612.09, 132.57 and 849.90, 75.74 and 193.65 Oe respectively. It 

can be observed that while increasing the doping concentration the saturation magnetization and Coercivity 

gets increases simultaneously the remanent magnetization gets decreases for all the three dopants. 
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I. Introduction 

CoFe2O4 as a type of magnetic materials, has long been of intensive importance in the fundamental 

sciences and technological applications in various fields of electronics (Sugimoto et al., 1999), photo magnetism 

(Giri et al., 2002), catalysis (Mathew et al., 2004), ferrofluids (Jacintho et al., 2009), hyperthermia (Pradhan et 

al., 2007), cancer therapy (Sincai et al., 2001), and molecular imaging agents in magnetic resonance imaging 

(MRI) (Lee et al., 2007). The applications of CoFe2O4 are strongly influenced by its magnetic properties. 

Various preparation techniques have been accordingly developed to produce CoFe2O4 nanoparticles including 

chemical co-precipitation (Zi et al., 2009, Gnanaprakash et al., 2007, Qu et al., 2006), microemulsion (Li et al., 

2003, Mathew et al., 2007), sol–gel method (Monte mayor et al., 2007, He et al.,), hydrothermal (Kasapoglu et 

al 2007, Zhao et al., 2008), solvothermal (Liu et al., 2007), organic precursor method (Rashad et al., 2008, 

Toksha et al., 2008), ball milling (Chinnasamy et al., 2000, Khedr et al., 2006), forced hydrolysis in a polyol 

medium (Wang et al., 2008, BenTahar et al., 2008), mechanochemical method (Yang et al., 2004, Shi et al., 

2000), sonochemical (Shafi et al., 1997) and complexometric synthesis (Thang et al., 2005).  

Among these preparation methods, the sol–gel method has recently attracted more interest because of 

the fact that it has the advantages of cheap precursors, simple preparation and a resulting ultrafine particle 

(Crider et al., 1982, Madani et al., 2012). It is a unique combination of the combustion and the chemical 

gelation processes. This method has been used to control the size and morphology of nanoparticles determining 

the structural and magnetic properties. The process gives a homogeneous powder with a narrow size distribution 

and requires low energy (Khorrami et al., 2011). Due to these advantages, the sol–gel method is vastly used to 

prepare the magnetic nanoparticles.  

In this chapter, the doping effect of Zn, Ni and Mn in CoFe2O4 on structural and magnetic properties 

have been synthesized using sol-gel method. The X-ray powder diffractometry (XRD) confirms the formation of 

structure and morphological analyses have been done by Scanning Electron Microscopy (SEM) and the 

chemical composition of the samples was investigated by Energy dispersive spectroscopy (EDAX). The Fourier 

Transform Infrared Spectroscopy (FT-IR) is used to identify the stretching and bending frequencies of 

octahedral and tetrahedral occupant. The effect of magnetic properties for the synthesized samples with various 

levels of doping concentrations was studied using Vibrating Sample Magnetometer (VSM). 
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II. Experimental Detail 
     2.1 Chemicals 

Cobalt Nitrate Co (NO3)2.6H2O and Ferric Nitrate Fe (NO3)3.9H2O of analytical grade were used to 

prepare magnetite nanoparticles and they were obtained from Finar chemicals corporation. The reagents were 

used without further purification.     

 

2.2 Synthesis of CoFe2O4 magnetic nanoparticles 

The process for synthesizing nearly monodisperse CoFe2O4 nanoparticles at room temperature was 

carried out as follows: In a typical synthesis, Cobalt Nitrate (Co (NO3)2.6H2O) and Ferric Nitrate (Fe 

(NO3)3.9H2O) were mixed with 2-Methoxyethanol under constant magnetic stirring for approximately few 

mints. Then, NH3 was added to the precursor solution in order to maintain the pH of the solution to 10.3. The 

acetic acid and ethylene glycol with 1:1 molar ratio were added to the solution. After continuous stirring of 4 

hours at 80°C, the clear sol was completely turned to a gel. Then, the gel was dried and grinded into powders. 

After that, the powder was annealed at 700°C for 2 hrs in furnace under air atmosphere. Finally, the synthesized 

CoFe2O4 nanoparticles were characterized and analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Flow chart showing sol-gel method in synthesis of CoFe2O4 Magnetic Nanoparticles 

 

III. Results and Discussion 
3.1 XRD studies of synthesized powders 

Figure 2 (A-F) shows the XRD pattern for the transition metal ions doped CoFe2O4 nanoparticles 

prepared at room temperature and subsequently dried at 80 
◦
C and annealed at 700 

◦
C respectively. The miller 

indices (h k l) planes help us to identify the obtained powders. The XRD pattern shows the characteristic peaks 

of CoFe2O4 nanoparticles as it shows the following reflection planes such as (2 2 0), (3 1 1), (4 0 0) and (5 3 1) 

for all the prepared samples. These planes indicate the formation of a cubic structure (Kasapoglu et al., 2007).  

All XRD peaks are in good agreement with the JCPDS file No: 22-1086. The average grain size of the samples 

are calculated using the Debye-Scherrer’s formula equation, 

𝐷 = kλ/β cos θ  

 

Where λ is the X-ray wavelength, K is dimensionless shape factor, θ is the Bragg angle, β is the full 

width of the diffraction line at the half maximum intensity (FWHM). 

 In Figure 2 (A & B) shows the XRD patterns (1 % and 10 %) of Zn doped CoFe2O4 nanoparticles 

respectively. The average crystallite sizes are calculated using Debye-Scherrer’s formula and it was found to be 

48.35 and 20.93 nm for 1 % and 10 % of Zn doped nanoparticles respectively. It can be observed that, while 10 

% of Zn doped sample gets reducing particle size. In Figure 2 (C & D) represents the XRD patterns of Ni doped 

CoFe2O4 nanoparticles with weight percentages of 1 % and 10 %. The average crystallite sizes are calculated 

using Debye-Scherrer’s formula and it was found to be 45.77 and 8.51 nm for 1 % and 10 % of Ni doped 

nanoparticles respectively. The XRD patterns of Mn (1 % and 10 %) doped CoFe2O4 nanoparticles were shown 

in Figure 2 (E & F). The average crystallite sizes are calculated using Debye-Scherrer’s formula (previous 

chapter) and it was found to be of 49.45 and 43.74 nm for 1 % and 10 % of Mn doped nanoparticles 

respectively. 

The crystallite sizes of Zn, Ni and Mn doped CoFe2O4 nanoparticles, samples calculated using the 

Williamson and Hall method were obtained to be 99.04, 16.24, 35.28, 74.54, 14.93 nm and 144.43 nm, for the 

samples at different weight percentage of (1 % and 10 %) of Zn, Ni and Mn doped CoFe2O4 nanoparticles, 
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respectively. The strain ε values were obtained to be 0.00126, 0.01138, 0.00594, 0.01019, 0.00334 and 0.00438, 

respectively. The results show that the average crystallite sizes obtained from Scherrer’s formula and the 

Williamson and Hall method show a large variation. This is because of the difference in averaging the particle 

size distribution. 

The CoFe2O4 particle size was high for all the Zn, Ni and Mn in 1 % of doping concentration. Also, the 

lower particle size was observed in highly doped concentration (ice, 10 % of Zn, Ni and Mn doped in CoFe2O4 

nanoparticles). This pattern is only observed by Scherrer’s method and not in Williamson and Hall plot method.  

Hence, it is concluded from the above mentioned results, the particle size gets reduced for 1 % of Zn, Ni and Mn 

doped CoFe2O4 nanoparticles. While the size of this 10 % of Zn, Ni and Mn doped CoFe2O4 nanoparticles gets 

increasing particle size. 

 

 
Figure 2 (A & B) XRD spectra of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles 

 

 
Figure 2 (C & D) XRD spectra of 1 % and 10 % of Ni doped CoFe2O4 nanoparticles 

 

 
Figure 2 (E & F) XRD spectra of 1 % and 10 % of Mn doped CoFe2O4 nanoparticles 

 

Table 1: The particle size, strain, dislocation density of CoFe2O4 nanoparticles 
Sample name Percentage (wt %) 

(Co + Fe + Zn, Ni, Mn) 

Particle size (nm) Strain 

 

Dislocation 

density 

 
Scherrer 

Method 

W.H 

method 

A - CoFe2O4 (Zn) 96+3+1 48.35 99.04 0.00126 7.30925*10-14 

B - CoFe2O4 (Zn) 80+10+10 20.93 16.24 0.01138 6.3991*10-15 

C - CoFe2O4 (Ni) 96+3+1 45.77 35.28 0.00594 3.24045*10-15 

D - CoFe2O4 (Ni) 80+10+10 8.51  74.54 0.01019 1.85879*10-16 

E - CoFe2O4 (Mn) 96+3+1 49.45 14.93 0.00334 1.75722*10-15 

F - CoFe2O4 (Mn) 80+10+10 43.74 144.43 0.00438 2.45900*10-15 
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Figure 3 (A – F) W.H analysis of CoFe2O4 nanoparticles 

 

 
Figure 4 (A – F) concentration and W-H analysis of CoFe2O4 nanoparticles 

 

 
Figure 5 (A – F) concentration and strain analysis of CoFe2O4 nanoparticles 

 

3.2 Morphological studies by using Scanning Electron Microscope (SEM) 
Figure 6 (A & B) shows the SEM images of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles 

annealed at 700°C has been visualized from the scanning electron micrograph (SEM). It has been clearly 

observed that there is a more agglomeration in 1 % of Zn doped samples comparing to 10% of doping. 

 

 
Figure 6 (A & B) SEM images of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles 
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Figure 6 (C & D) represents the SEM images of 1 % and 10% of Ni doped CoFe2O4 nanoparticles. 

Where 1 % of Ni doped samples, some irregular structure has been observed and also 10 % of doped spherical 

nanoparticles with slight agglomeration have been observed. Hence it’s concluded that, 10 % of doped samples 

may be the optimum level of Ni doping. 

 

 
Figure 6 (C & D) SEM images of 1 % and 10 % of Ni doped CoFe2O4 nanoparticles 

 

SEM images of 1 % and 10 % of Mn doped CoFe2O4 nanoparticles are shows in Figure 6 (E & F). It 

can be clearly observed that an irregular morphological structure was obtained in 1 % of Mn doped 

nanoparticles and 10 % of Mn doped nanoparticles; somewhat the dispersion of nanoparticles has been 

observed.  

 

 
Figure 6 (E & F) SEM images of 1 % and 10 % of Mn doped CoFe2O4 nanoparticles 

 

From the SEM images it is obviously concluded that by varying the percentage of Zn, Ni and Mn 

doping, the morphological changes were here, obtained. Were also concluded that for all the three doping (Zn, 

Ni, Mn) samples 10 % of doped samples may be roughly considered as the optimum level for preparing 

CoFe2O4 nanoparticles when compared to 1 % of doping. 

 

3.3 Elemental analysis using Energy Dispersive x-ray spectrometer (EDAX) 

Figure 7 (A & B) shows the EDAX spectrum of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles. 

The EDAX picture confirms the incorporation of Zn doped into host lattice. The percentage of compounds 

presence in the sample is given inside the picture in table. The peak at 2.1 keV is due to gold particles 

(Ragupathi et al., 2013), which is coated on the sample before morphological analyzing.  

 

 
Figure 7(A & B) EDAX spectrum of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles 

 

Figure 7 (C & D) shows the EDAX spectrum of 1 % and 10 % of Ni doped CoFe2O4 nanoparticles. 

This picture shows incorporation of Ni doped into the CoFe2O4 host lattice. The percentage of compounds 

presence in the sample is given inside the picture in table. The peak at 2.1 keV is represents gold particles 

(Ragupathi et al., 2013), which is coated on the sample before analyzing of the sample.  

 

 
Figure 7 (C & D) EDAX spectrum of 1 % and 10 % of Ni doped CoFe2O4 nanoparticles 
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EDAX spectrum of 1 % and 10 % of Mn doped CoFe2O4 nanoparticles. The EDAX are shows in 

Figure 7 (E & F) spectrum confirm the incorporation of Mn into the host lattice. The percentage of compounds 

presence in the sample is given inside the picture in table. The peak at 2.1 keV is due to gold particles 

(Ragupathi et al., 2013), which is coated on the sample before morphological analyzing.  

 

 
Figure 7 (E & F) EDAX spectrum of 1 % and 10 % of Mn doped CoFe2O4 nanoparticles 

 

3.4 Fourier Transforms Infrared Spectroscopy (FT-IR) 
FT-IR spectra are one of the most powerful techniques to analyze the presence of functional groups 

present in the prepared samples. Using KBr (Potassium bromide) pellet the Fourier Transform Infrared Spectra 

of Zn, Ni and Mn doped CoFe2O4 nanoparticles were recorded in the range of 4000 to 400 cm
-1

 as shows is 

Figure 8 (A-F). 

Figure 8 (A & B) represents the FT-IR spectra of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles. 

The influence of doping concentration has been observed with decrease in the intensity peak of the highest one 

is generally observed in the range 659-642 cm
-1

, and it
 
corresponds to intrinsic stretching vibration of the metal 

at the tetrahedral site and the lowest band is usually observed in the range of 566-554 cm
-1

, is assigned to 

octahedral-metal stretching (Waldron et al., 1955). Also, the adsorption broad band at the range of 3424-3423 

cm
-1

 represents a stretching mode of –OH groups and H2O molecules. The weak adsorption bands around at 

1072 cm
-1

 is due to the asymmetrical stretching vibration of the O-H mode and the peak around at 1089 cm
-1

 is 

observed the stretching vibration of C-O mode. The peak around at 2923-2922 cm
-1

 is identified to stretching 

vibration of C=H mode (or) CH2 groups as organic sources in the magnetic nanoparticles for 10 % concentration 

comparing to 1 %. 

 

 
Figure 8 (A & B) FT-IR spectrum of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles 

 

Figure 8 (C & D) represents the FT-IR spectra of 1 % and 10 % of Ni doped CoFe2O4 nanoparticles. 

The effect of doping concentration has been observed with decrease in the intensity peak of the highest one is 

normally observed in the range 658-650 cm
-1

, and it
 
corresponds to intrinsic stretching vibration of the metal at 

the tetrahedral site and the lowest band is generally observed in the range of 561-552 cm
-1

, is assigned to 

octahedral-metal stretching (Waldron et al., 1955). The adsorption broad band at the range of 3437-3428 cm
-1

 

represents a stretching mode of –OH groups and H2O molecules. The weak adsorption bands around at 1020 cm
-

1
 is due to the asymmetrical stretching vibration of the O-H mode and the peak around at 1008 cm

-1
 is observed 

the stretching vibration of C-O mode. The peak around at 2927-2923 cm
-1

 is identified to stretching vibration of 

C=H mode (or) CH2 groups as organic sources in the magnetic nanoparticles for 10 % concentration with 

comparing to 1 %. 
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Figure 8 (C & D) FT-IR spectrum of 1 % and 10 % of Ni doped CoFe2O4 nanoparticles 

 

Figure 8 (E & F) represents the FT-IR spectra of 1 % and 10 % Mn doped CoFe2O4 nanoparticles. The 

influence of doped concentration has been decrease in the intensity peak of the highest one is generally observed 

in the range 658-650 cm
-1

, and it
 
corresponds to intrinsic stretching vibration of the metal at the tetrahedral site 

and the lowest band is usually observed in the range of 566-554 cm
-1

, is assigned to octahedral-metal stretching 

(Waldron et al., 1955). Also, the broad adsorption band at the range of 3447-3446 cm
-1

 represents a stretching 

mode of –OH groups and H2O molecules. The weak adsorption bands appeared at around 1019 cm
-1

 is due to 

the asymmetrical stretching vibration of the O-H mode and the peak around at 1108 cm
-1

 is observed the 

stretching vibration of C-O mode. The peak around at 2923-2922 cm
-1

 is identified to stretching vibration of 

C=H mode (or) CH2 groups as organic sources in the magnetic nanoparticles for 10 % concentration Mn doping 

compared when to 1 %. 

 

 
Figure 8 (E & F) FT-IR spectrum of 1 % and 10 % of Mn doped CoFe2O4 nanoparticles 

 

From the FT-IR spectra it has been observed that, for all this three dopants 1 % of doping 

concentration, there is not that much changes in the spectra. While 10 % of dopant there is un less intensity peak 

has been observed in Figure 8 (A-H) which shows the influence of higher doping concentration. 

 

3.5 Vibrating Sample Magnetometer (VSM) 

Figure 9 (A-H) depicts the room temperature hysteresis loop of Zn, Ni and Mn doped CoFe2O4 

nanoparticles and Table (2) shows the magnetic data obtained. It is observed that the samples annealed at 700°C 

show approximately liner applied field dependence with small S-shape behavior even at ±10kOe (Zheng Jiao et 

al., 2008). The magnetic parameters of them determined by the hysteresis loops are given in Table (2). The 

CoFe2O4 powders exhibit ferromagnetic properties with a saturated magnetization (Ms), Remanent 

magnetization (Mr) and Coercivity (Hc) respectively (Sauzedde et al.,). The saturation magnetization values are 

very much affected by the increase in the temperature as a consequence of the gradual increase in the 

crystallinity and particle size. A similar behavior has been reported for other magnetic materials (Waje et al., 

2010, Ranjith Kumar et al., 2014).  

Figure 9 (A & B) shows hysterises loop of 1 % and 10 % of Zn doped CoFe2O4 nanoparticles the room 

temperature and the obtained magnetic data are given in table (2). it is noted that Figure 9 (A & B) has low 
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saturation magnetization value of 0.28 emu gm
-1

 and 1.17 emu gm
-1

 with remanent magnetization and 

Coercivity values of 3.16 and 0.37 emu gm
-1 

and 92.14 and 612.09 Oe, respectively. The 1 % of Zn doped 

nanoparticles has superparamagnetic behaviour as shown in Figure 9 (A). As well as 10 % of Zn doped sample 

have ferromagnetic behaviour can be observed in Figure 9 (B). 

 

 
Figure 9 (A & B) Room temperature hysteresis loops of 1 % and 10 % Zn doped CoFe2O4 nanoparticles 

 

Figure 9 (C & D) shows the room temperature hysterises loop of 1 % and 10 % of Ni doped CoFe2O4 

nanoparticles and the respective magnetic values were given in table (2). It is noted that Figure 9 (C & D) the 

low saturation magnetization value is 0.27emu gm
-1

 and 1.33 emu gm
-1

 with remanent magnetization and 

Coercivity values are 4.18, 0.47 emu gm
-1 

and 132.57, 849.90 Oe, respectively. 

 

 
Figure 9 (C & D) Room temperature hysteresis loops of 1 % and 10 % Zn doped CoFe2O4 nanoparticles 

 

Figure 9 (E & F) shows the room temperature hysterises loop of 1 % and 10 % of Mn doped CoFe2O4 

nanoparticles and the obtained magnetic value was given in table (2). It is noted that Figure 9 (E & F) the low 

saturation magnetization value is 0.28 emu gm
-1

 and 2.09 emu gm
-1

 with remanent magnetization and Coercivity 

values are 2.89, 0.48 emu gm
-1 

and 75.74, 193.65 Oe, respectively. 

 

 
Figure 9 (E & F) Room temperature hysteresis loops of 1 % and 10 % Zn doped CoFe2O4 nanoparticles 
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From the table (2) it can be observed that while increasing the doping concentration the saturation 

magnetization and Coercivity increased, simultaneously the remanent magnetization gets decreases for all the 

three dopants. 

 

Table 2: Magnetic Parameters of synthesized nanoparticles at Room Temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10 (A) plot concentration Vs saturation magnetization, remanent magnetization and coercivity 

 

 
Figure 10 (B) plot concentration Vs saturation magnetization, remanent magnetization and coercivity 

 

 
Figure 10 (C) plot concentration Vs saturation magnetization, remanent magnetization and coercivity 

 

IV. Conclusion 
Nanoferrites of Zn, Ni and Mn doped CoFe2O4 were successfully prepared by sol-gel method combined 

with annealing temperature at 700°C. The average crystallite sizes are found to be in the range 47.56, 38.85, 

58.87, 59.38, 39.58, 46.19, 45.29 nm and 37.22 nm respectively. The SEM results confirmed the formation with 

surface of morphologies. The EDAX shows the presence of Co, Fe, Zn, Ni, Mn and O. The FT-IR spectra 

showed bands in range 464-485 cm
-1 

and 537-578 cm
-1 

clearly indicating the formation of magnetic 

nanoparticles. The saturation magnetization (Ms) of Zn, Ni and Mn doped CoFe2O4 nanoferrite varies between 

5.57 and 54.14 emu/g which is better than earlier reported values. 
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