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Abstract:- Cobalt ferrite nanoparticles were synthesized by 

using a low-temperature hydrothermal method. The 

structural, optical, Photo luminousness, morphology, 

elemental composition, magnetization, and electrical 

properties of cobalt ferrite nanoparticles were carried by 

XRD, PL, UV-VIS, FT-IR, FE-SEM, EDX, VSM, and LCR 

techniques, respectively. The XRD pattern exhibited the 

single-phase cubic spinel structure. The PL studies reveal that 

the excitation wavelength is at 430 nm, which attribute to the 

recombination of electrons and holes.  The presence of peaks 

of respective elements (Co, Fe, and O) in the EDX spectrum 

showed the formation of CoFe2O4. The UV- Visible 

Spectrophotometer was estimated by the direct energy band 

gap of Cobalt ferrite nanoparticles. The magnetic parameters 

were estimated by VSM. The FT-IR Spectra of the formation 

of the ferrite have been phase confirmed. The frequency 

variation of dielectric parameters such as dielectric constant 

and loss, and ac-conductivity measurements were done along 

the difference with room temperature and frequency was 

described.  

 

Keywords:- Low-temperature hydrothermal method, 

magnetization, nanoparticles, direct energy band gap 

 
1. INTRODUCTION 

Along with diverse types of nanomaterials, magnetic 

nanoparticles (MNPs) have remunerated human intellect by 

illustrating amazing attention owing to their technological 

and biological applications in multifarious acreage [1-3], 

to their appealing structural, magnetic, and electrical 

properties. The Spinel ferrites with a common formula of 

MFe2O4, (M: Fe, Mn, Co, Ni, Cu, Zn, etc.) are a large group 

of this family, which have attracted attention due to their 

excellent magnetic and electrical properties alongside their 

semiconducting properties [4–6]. Cobalt ferrite (CoFe2O4) 

nanoparticles as an interesting member of these materials 

have remarkable features such as excellent chemical 

stability, high coercivity, strong anisotropy, and great 

saturation magnetization [7]. Curie temperature is one of the 

important parameters for every ferrite in scintillating to its 

intrinsic property that could with precision control by the 

preferential preparation conditions, etc. Bulk CoFe2O4 is a 

ferromagnetic material with a Curie temperature Tc of 350 

o C [8]. 

The privilege ways to synthesize CoFe2O4 nanoparticles are 

many such as the micro-emulsion technique [9], 

electrospinning [10], ball milling [11], combustion method 

[12], co-precipitation route [13], a hydrothermal method 

[14] sol-gel [15], etc. The hydrothermal method is one of 

the cans techniques to prepare spinel-structured ferrite 

nanoparticles at low temperatures. It offers a  reward in 

remaining than other techniques such as controlled 

crystallite size, high transparency, no agglomeration of the 

particles, and altering the particle surface along with 

homogeneity [16, 17]. This manuscript elucidates the 

preparation of uniform-sized cobalt ferrite nanoparticles by 

hydrothermal method and their properties were 

investigated. 

2. EXPERIMENTAL 

The initial materials were preferred as Co (NO3)2 6H2O and 

Fe (NO3)3 9H2O (each of 99.9% purity, Sigma-Aldrich) to 

synthesize the Cobalt ferrite (CF) nanoparticles. Upon 

taking their stoichiometric scale, these precursors were 

combined. Moving to a glass beaker was the whole 

combined precursor. In addition, purified water in the ratio 

of 1:4 (mixed precursors (gm): distilled water (ml)) is 

applied to the precursors and the resultant solution is 

placed on a magnetic stirrer. To swirl the water, this 500 

rpm stirring intensity (shown in Fig.1) is retained. NaOH 

solution will be applied gradually and the pH value will be 

12. This solution is transferred in an autoclave to a 300 ml 

Teflon tube. At an operating temperature of 150⁰ C/8 hours, 

the enclosed autoclave is placed in a hot-air oven. The 

autoclave was gradually cooled to room temperature after 

the reaction had been finished. The final Cobalt ferrite (CF) 

nanoparticles were extracted from the autoclave coated 

with Teflon and washed 10 to 12 times with acetone and 

distilled water until the pH was decreased to 7. Finally, CF 

nanoparticle samples characterized by XRD, PL, EDX, FE-

SEM, UV-VIS, FT-IR, VSM, and LCR techniques for 

structural, Photo luminousness, elemental composition, 

morphology, optical, magnetization, and electrical 

properties of cobalt ferrite nanoparticles. 
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Fig.1. Experimental part of Cobalt ferrite nanoparticles 

 

3. RESULTS AND DISCUSSIONS 

3.1. XRD Analysis 

Fig.2. shows the X-ray diffraction (XRD) patterns of the 

Cobalt ferrite (CF) nanoparticles prepared via the 

hydrothermal method. The XRD patterns were confirmed 

(JCPDS Number 22-1086). The diffraction peaks of the 

synthesized Cobalts ferrite nanoparticles corresponding to 

the (220), (311), (400), (422), (511), and (440) was single 

spinel phase [18]. The position (2Ɵ) of the XRD peaks and 

their full-width half maxima (FWHM) are used to 

estimated the lattice parameter with the following equation 

[19] 

a = 2λ Sin Ɵ (h2+k2+l2)1/2 ------- (1) 

where ‘a’ is the lattice parameter, Ɵ is the diffraction angle, 

λ is the wavelength of the X-ray and h, k, l, are miller 

indices of each plane family.  

The crystallite size of the Cobalt ferrite nanoparticles was 

calculated by using Debye- Scherrer’s equation [20] 

Da = 
𝒌𝛌

𝛃 𝐂𝐨𝐬 Ɵ
  ------- (2) 

The evaluation of theoretical ρx, ρb, and Porosity (P) were 

done by using equation [21, 22] 

X-ray density (ρx ) = 
𝟖𝑴𝒘

𝑵𝑽
  ------- (3) 

where V is Unit cell Volume = a3 (for a = b = c and α = β = 

γ = 90⁰), N = Avogadro number (6.023 x 1023),  and Mw is 

molecular weight of cobalt ferrite nanoparticles. 

The bulk density (ρb) was estimated by the ratio of mass 

(M) and bulk volume (V= Πr2h) of the Cobalt ferrite 

nanoparticles pellets, by using equation 

ρb = M/ Πr2h   ------- (4) 

Further, the porosity of the Cobalt ferrite nanoparticles was 

calculated by ρx and ρb using equation 

Porosity (P %) = [1- (ρx / ρb)] *100    --- (5) 

Atomic packing factor of cubical spinel structure can be 

estimated through following formula  

Atomic Packing Factor = 
𝟏∗

𝟒

𝟑
 𝚷 (

𝟏

𝟐
𝐚)𝟐 

𝒂𝟑  -- (6) 

The Cobalt ferrite nanoparticles were determined 

dislocation density (ρ), a specific surface area (S) and 

Specific Surface area to volume ratio were obtained values 

listed in the Table.1. 

 

Table.1. Data on the XRD structural and physical 

parameters of Cobalt ferrite (CF) nanoparticles 
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Fig.2. X-ray diffraction (XRD) pattern of Cobalt ferrite nanoparticles 

Williamson- Hall Analysis 

To estimate the strain and crystallite size, we have 

preferred the W-H plot for Cobalt ferrite nanoparticles 

shown in Fig.3 and expressed in equation [23]  

         Β CosƟ = 
𝑲𝝀

𝑫
 + 4ε SinƟ ------- (7) 

    Where λ= wavelength, β=Full-Width Half Maxima 

(FWHM), Ɵ= Bragg’s diffraction angle, ε= Micro-strain, 

and D= crystallite size. The slope of the W-H plot gives the 

Micro-strain value. The cobalt ferrite nanoparticles Micro-

strain (εW-H) was 0.0598 and the crystallite size (DW-H) 

calculated was 4.665 nm. The average crystallite sizes 

estimated by the two methods are close to each other. 

Further, a good agreement is perceived between the values 

expressed from the W-H Plot based on Scherrer’s formula 

and the values εW-H and DW-H. It can be seen in Fig.4 that 

there is an inverse proportional relationship between the 

two parameters D & ε [24].  

 
 

Fig.3. W-H Plot of Cobalt ferrite nanoparticles 

 

3.2. Optical Properties 

3.2.1. Photoluminescence Spectral Analysis 

The photoluminescence property was studied by a PL 

spectrophotometer using an excitation wavelength of 

216 nm at room temperature. The Fig.5 shows the PL 

spectra of cobalt ferrite (CF) nanoparticles at room 

temperature. 

1.0 1.2 1.4 1.6 1.8 2.0 2.2

-0.5

0.0

0.5

1.0
 CF


C

o
s

q

4Sinq

y = 0.05977x + 0.02972

Data on XRD analysis of CF nanoparticles 

1.  Lattice parameter (a=b=c) 8.313 A⁰ 

2.  Inter-planer spacing (d)      2.047 A⁰ 

3.  FWHM 4.202 (⁰) 

4.  Volume (V) 574.402 (A⁰)3 

5.  Atomic Packing Factor 0.5214 

6.  Crystallite Size (Da) 4.916 nm 

7.  Micro-Strain (ε) 0.0394 

8.  DW-H 4.665 nm 

9.  εW-H 0.0598 

10.  MW 234.62 g/mol 

11.  Dislocation density (ρ) 6.6605E+17 

12.  X-Ray density (ρx) 5.425 g/cm3 

13.  Bulk density (ρb) 4.084 g/cm3 

14.  Porosity % (P)  24.72 

15.  Surface Area (S) 224.978 m2/g 

16.  S/V 0.3916 
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Fig.4. 2Ɵ values dependence of D & ε of Cobalt ferrite 

             nanoparticles 

The emission peaks were noticed in the visible range of 

260 nm to 555 nm, having a maximum near 430 nm. The 

cobalt ferrite nanoparticles exhibited intense and broad 

blue emission between 260 nm to 493 nm with peak PL 

intensity at 430 nm. The emission between 493 nm to 555 

nm is related to a weak green emission. Such electronic 

emission may be due to the radioactive defects at grain 

boundaries [25, 26] and the oxygen vacancies within the 

crystal structure [27]. 

3.2.2. UV-Visible Spectral Analysis 

The UV-Visible spectra analysis is one of the optical 

properties of synthesized Cobalt ferrite nanoparticles were 

studied. The absorbance in general depends on more than a 

few factors such as oxygen deficiency, grain size, lattice 

strain, impurity centers, surface roughness and band gap 

[28]. The absorption spectra are the maximum absorption 

wavelength (λm) for the Cobalt ferrite nanoparticles that 

have been observed from shown in Fig.6, it’s noticed that 

λm value 295.87 nm.  

 
Fig.5. PL pattern of Cobalt ferrite nanoparticles 

 

The optical band gap of spinel ferrite nanopraticles was calculated by 
using relation, 

αhυ = A (hυ - Eg)m       -------- (8) 

 where αhυ is the incident photon energy, A is a 

constant, Eg is the energy band gap of the material, and the 

exponent m determines the type of electronic transitions, 

causing the absorption to take a value between ½ and 2. 

The direct and indirect optical band gap was obtained m=2 

and m=1/2, respectively. From shown in Fig.7 observed the 

direct optical band gap for Cobalt ferrite nanoparticles is 

found to be 2.38 eV, which is consistent with the previous 

reports [29] (~2.3 eV). As a result, the Cobalt ferrite 

nanoparticles can be providing the applications in sensor 

devices, photocatalytic, and optoelectronic devices [30, 

31]. 

3.2.3. FT-IR Analysis 

FT-IR spectra of the cobalt ferrite (CF) nanoparticles at 

room temperature in a wave number of 400 to 4000 cm-1 

are presented in Figure. The FT-IR Spectra of Cobalt 

ferrite nanoparticles is demonstrated in Fig.8, the observed 

strong broad peak at 537.916 cm-1 can be related to the 

vibration frequency of Fe+3 – O. The small peak was at 

around 396.591 cm-1 can be assigned to the vibration 

frequency of Co+2 – O in cobalt ferrite structure. Generally, 

the two vibrational frequencies were noticed at 537.916 

cm-1 and 396.591 cm-1 were allotted to be tetrahedral and 

octahedral sites, respectively, for the spinel structure 

(AB2O4). The peaks at 3368.798 cm-1 and 1636.912 cm-1 

can be related to the respective stretching and bending 

vibrational frequencies of absorbed H2O on the M-O 

surface. The peak at 2347.925 cm-1 can be due to the CO2 

absorbed on the surface and the peak at 1006.657 cm-1 

corresponds to the Fe-Co band of prepared Cobalt ferrite 

nanoparticles [32]. 
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Fig.6. Absorption versus wavelength pattern of Cobalt ferrite 

nanoparticles 

3.3. Magnetic Properties 

Magnetic properties of synthesized Cobalt ferrite 

nanoparticles were characterized by VSM at room 

temperature with an applied magnetic field 15000 Oe. 

Fig.9 shows the M-H loop of prepared sample. 

 
Fig.7. Direct optical band gap of Cobalt ferrite nanoparticles 

 

The values of various magnetic parameter of the Cobalt 

ferrite nanoparticles such as MS, MR, HC,  MR/MR ratio, and 

ηB estimated from the M-H plot was listed in Table.2. The 

magnetic moment in ηB per formula unit following is 

computed using the relation 

ηB = 
𝑴𝒔∗𝑴𝒘

𝟓𝟓𝟖𝟓
 ------ (9) 

Where MS = Saturation Magnetization and MW = Molecular 

weight of the Cobalt ferrite nanoparticles. The magnetic 

moment ηB was found to be 0.02649. 

The magnetic anisotropy (K) is estimated by the following 

relation [33] 

K = {µo * HC*MS}/2 ------- (10) 

Where µo is Vacuum permeability, HC and MS is 

Coercivity, Saturation Magnetization, respectively. 

 The magnetic anisotropy (K) value was 15.5411E-6 

erg/cm3. 

 
Fig.8. FTIR pattern of Cobalt ferrite nanoparticles 

 

Table.2. Data on the Magnetic parameters of Cobalt ferrite 

(CF) nanoparticles 

 

3.4. Morphological properties  

3.4.1. SEM Analysis  

The morphology of prepared Cobalt ferrite nanoparticles 

was observed by Scanning electron microscopy (SEM). 

The SEM images show the heterogeneous distribution of 

agglomerate particles in dense nature, where the shape of 

the particles are spherical or elliptical and just like stones 

as shown in Fig.10. The SEM provides that the produced 

Cobalt ferrite nanoparticles are at micro-range with brisk 

pores that can be applicable in gas sensors due to its large 

scale surface area with smaller grain size [34]. 
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Fig.9. M-H Plot of Cobalt ferrite nanoparticles 

 

The formation of the material can be either amorphous or 

crystalline, where particles from dense atomic distribution 

may be affected by spin coupling based on its magnetic 

behavior [35]. 

3.4.2. Energy- dispersive X-ray spectroscopy (EDX) 

The elemental composition of Cobalt ferrite nanoparticles 

was carried out by Energy- dispersive X-ray spectroscopy 

(EDX). Fig.11 shows EDX Spectra for Cobalt ferrite 

nanoparticles, which indicates the presence of Co, O, and 

Fe elemental peaks observed in the EDX spectrum which 

indicated the purity of the cobalt ferrite nanoparticles 

sample. Elemental compositions of all elements present in 

the prepared sample were shown in Table 3. This result 

indicates that the obtained atomic ratio of all elements (Co, 

O and Fe) was well-matched with the expected 

stoichiometric proportion of elements in synthesized 

nanoparticles. 

3.5. Dielectric Properties 

Dielectric measurement for Cobalt ferrite nanoparticles was 

carried out at room temperature within the frequency range 

100 Hz to 1MHz. In Cobalt ferrite nanoparticles, dielectric 

constant and loss decreases with increases frequency for 

the Cobalt ferrite nanoparticles. Dielectric constant and 

loss decrease sharply at low frequencies and remain almost 

constant at higher frequencies. 

 
Fig.10. SEM images of Cobalt ferrite nanoparticles 

Table.3. Atomic percentage of Cobalt ferrite (CF) 

nanoparticles 

 

Composition 

Atomic Percentage (at %) 

Co Fe O 

CoFe2O4 15.94 26.70 57.36 

 

 
Fig.11. EDX of Cobalt ferrite nanoparticles 

 

This is common trend in spinel ferrite and has been 

reported in literature by several authors. Variation in 

dielectric permittivity with frequency can be explained 
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based on four forms of polarizations, atomic, electronic, 

ionic and interfacial [36]. The frequency dependence of 

dielectric constant (ɛ') and dielectric loss (ɛ") of Cobalt 

ferrite nanoparticles was depicted in Fig.12 & Fig.13. The 

cobalt ferrite nanoparticles showed the high ɛ' and ɛ" 

values at low log f values. In general, this behavior was 

attributed to the inhomogeneous dielectric structure. Also, 

Koop's theory [37] evidenced that the high resistive grain 

boundaries can be responsible for the high ɛ' and ɛ" values 

at low frequencies. At low log f values, the carriers will be 

piled up at the grain boundary interface making it high 

resistive. Thus, the high polarization was developed 

leading to the high ɛ' and ɛ" values. This polarization can 

be treated as Maxwell-Wagner’s interfacial polarization 

[38]. However, this behavior was not stable. At high log f 

values, the entire carriers can acquire more energy than the 

grain boundaries. Therefore, the breakage of grain 

boundary will be taken place and hence, the carriers will 

enter the grain portion. This can lead to the high mobility 

and conductivity of the charges. But the polarization will 

be decreased indicating the decrease of ɛ' and ɛ". From this 

analysis, it was clear that the grain was responsible for the 

low ɛ' and ɛ" values at high log f. Because of the 

compositional dependence, the ɛ' and ɛ" were observed to 

be normal in magnitude for Cobalt ferrite nanoparticles. In 

Fig.14, the log σac-log ω plot was shown. This plot 

indicated that the ac-electrical conductivity (log σac) was 

variation between from 7.066 to 6.655 S/cm corresponding 

from 100 Hz to 1MHz. This trend was attributed to the 

thermal activation of the charge carriers. Dielectric 

constant, dielectric loss and ac-conductivity obtained 

values were listed in the Table 4. The low-temperature 

hydrothermal method in comparing to further synthesis 

methods of nanoparticles preparation has many advantages, 

for examples: simple, available, and inexpensive. In this 

work, we have prepared the CoFe2O4 nanoparticles by low 

temperature hydrothermal method. 

 

Fig.12. Frequency depends on dielectric constant of Cobalt ferrite 

nanoparticles 

 
Fig.13. Frequency depends on dielectric loss of Cobalt ferrite 

nanoparticles 

 
Fig.14. ac-electrical conductivity of Cobalt ferrite nanoparticles 
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Table.4. Dielectric parameters of Cobalt ferrite (CF) nanoparticles 

4.  CONCLUSIONS 

The low-temperature hydrothermal method in comparing to 

further synthesis methods of nanoparticles preparation has 

many advantages, for examples: simple, available, and 

inexpensive. In this work, we have prepared the CoFe2O4 

nanoparticles by low temperature hydrothermal method. A 

systematic study on the structural, morphological, optical 

and dielectric properties of CoFe2O4 nanoparticles was 

carried out using various analyses. SEM images reveal with 

spherical or elliptical and just like stones. The direct optical 

energy band gap of 2.38 eV, can be providing the 

applications in photocatalytic, sensor devices, and 

optoelectronic devices. The magnetic parameters MS, MR, 

HC, and MR/MS values were 0.25753 emu/g, 0.01368 

emu/g, 96.028 Oe, and 0.05312, respectively estimated by 

VSM. The dielectric properties the high dielectric constant 

(ɛ') of 487.802, high dielectric loss (ɛ") of 1543.007 and ac 

electrical conductivity (log σac) of 7.066 S/cm were 

recorded at 100Hz were done along with room temperature 

of Cobalt ferrite nanoparticles. 
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