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Abstract

Nickel nano ferrite was effectively synthesized utilizing the 
hydrothermal method, followed by a comprehensive analysis of 

the average crystallite size to be 34.10 nm. The existence of 

displays absorption peaks at 573 cm1 and 481 cm1 in. Scanning 

determined a direct band gap energy of 1.5 eV. These results 
emphasize the extraordinary nanoscale and optical properties 
associated with the synthesized nickel nano ferrite, and can 

processes and in semiconductor applications. 
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Introduction

of materials with unusual properties resulting from their nanoscale size 
when we investigate nano ferrites [1]. Ferrites are compounds composed 
of iron oxide and other metal ions, which may have magnetic properties. 
Nickel, which has the atomic number 28 and is a transition metal, is a 

electronics and catalysis [2]. The compound NiFe2O4 represents nickel ferrite 
as a ferrite material that contains nickel and iron oxide. The cubic spinel 
structure of this compound contains nickel ions, which occupy tetrahedral 
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positions, and iron ions, which occupy octahedral positions. Whereas the 

Nnf can be synthesized by several synthesis procedures, like as the sol-
gel method [4], auto-combustion method [5], co-precipitation method [6], 
microwave method [7], microemulsion method [8], and the hydrothermal 
method [9]. As one of these, hydrothermal synthesis is peculiar and effective. 
Nanoparticle formation may be facilitated by hydrothermal synthesis, in 
which superheated pressurized water is employed.

The hydrothermal synthesis method stands out as the most effective 

high temperature and high-pressure conditions. This results in several 

particle dimensions and shapes [10]. 

nanoferrites with the desired set of customized parameters. The expected 
advantages of the synthesis approach are uniform particle size distribution, 
good magnetic properties, and high catalytic activity [11]. The hydrothermal 

enhance the performance of nickel nanoferrites in different applications as 
well [12]. 

Table 1: Importance of the Hydrothermal Method

Sl.
No.

Reference

1 Mohan et al. The research team achieved uniform carbon nanosphere 
synthesis through controlled reactions under basic conditions.

2 Mulla et al. The authors showed that low-temperature- processed copper 

thermoelectric performance.

3 Sivakumar et The authors prepared nickel ferrite nanoparticles with controlled 
crystallinity and particle size for magnetic applications.

4 Naji et al. The present investigation presents hydrothermal synthesis 

nanostructures compared to the sputtered-based process.

5 Sridhar et al. Pure phased, homogeneous, and highly crystalline ferrites have 
been accomplished by the hydrothermal route as compared to 

6 Nejati et al. The authors used a hydrothermal approach to produce nickel 
ferrite nanoparticles with high magnetisation and uniform 
structure.



143

Kannolli et al Unveiling Hydrothermal Synthesis and Captivating

7 Udhaya et al. Copper ferrite nanoparticles prepared via the green synthesis 
route under hydrothermal conditions demonstrated higher 
crystallinity and improved photocatalytic activity.

8 Mulud et al. A process was reported for the preparation of copper ferrite 
nanoparticles with a narrow size distribution and structural 
stability.

9 Mazurenko et The researchers used the hydrothermal synthesis method 
to create copper nanoferrite, which 
photocatalytic activity for dye degradation.

10  
[10]

The authors have synthesised the copper nano ferrite 
through the hydrothermal method, hence it provides good 
results in all characterizations, like as in optical and 
magnetic properties, as well as photocatalytic activity and 
biocompatibility.

3. Procedures and materials

3.1. Materials

AR grade (NH3
(Fe(NO3 3·9H2
(Ni(NO3 2·6H2
Chem Ltd.

3.2. Method
Fe(NO3 3·9H2O and Ni(NO3 2·6H2O are dissolved to start the synthesis of 
nickel nanoferrites in 20 milliliters of distilled water in a 2:1 mole ratio. To 
ensure homogeneity, the solutions are combined and thoroughly mixed for 
two hours using a magnetic stirrer. After being transferred to a tightly sealed 
autoclave, the precursor solution is heated to a temperature of approximately 
240°C for three hours. These temperatures and pressures promote the 
nucleation and growth of nanoparticles [13]. Once the reaction is complete, 

UV-Vis spectroscopy to determine their structure and properties in great 
detail [14].
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Figure 1: Semantic diagram of the synthesis of nickel nanoferrite using the 
Hydrothermal method

3.3. Characterization methods used
The diffractograms of the nickel nanoferrite particles were recorded using 
an X-ray diffractometer with a wavelength of 1.5406 Å. A scanning electron 

surface morphology. A Fourier infrared spectrophotometer, which operates 
in the 4000–400 cm ¹ range, was used to identify metal ions and functional 

absorption spectra in the present study.

4. Analysis of results and discussion

4.1. X-ray diffractometer analysis

Figure 2: XRD Pattern of NiFe2O4
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The powder XRD pattern of the prepared and annealed sample is shown 
 peaks is 

observed and shows the spinel phase with a cubic crystalline structure. 
 such as 

 for 
the above respective peaks from 24.20° to 62.51° the values are 33.07, 
34.02, 34.08, 35.39, 34.64, 31.49, and 35.01 average crystalline size is 34.10 
nm [15,16].

4.2 An analysis of Fourier Transform Infrared Spectroscopy (FTIR):

Figure 3: FTIR Pattern of NiFe2O4

-1, which describes 
the stretching modes of the O-H group and indicates the absorbed water 
or surface Hydroxyl groups. The peak located at 2922 cm-1 is due to C-H 
stretching vibrations of carboxylic acids [17]. The peak at 1334 cm-1 is 
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attributed to the C=O stretching vibrations of amides. The peak at 1537 
cm-1 results f r om  t h e  bending mode of water molecules [18]. The peak 
at 1048 cm-1 is due to C-F stretching vibrations associated with alkyl and 
aryl halides [19]. There are two peaks at 573 cm-1 and 480 cm-1 attributed 
to C-I stretching vibrations, which correspond to the presence of metal oxide 
compounds. This is followed by Ni– O or Fe–O vibrations at tetrahedral 
sites, and at 480 cm-1 by Ni–O or Fe–O vibrations at octahedral sites. [20] 
The below table shows all the disussed data.

Table 2. FTIR wave number analyzed data discussion

no Wave number 
in cm-1 Functional Group Description

1 3428 absorbed water or surface 
Hydroxyl groups

2 2922 carboxylic acids
3 1334 vibrations of amides
4 1537

Bending
bending mode of water molecules

5 1048 vibrations associated with alkyl and 
aryl halides

6 573 Metal-oxygen stretching, 
tetrahedral site

by Ni–O or Fe–O vibrations at 
tetrahedral sites

7 480 Metal-oxygen stretching, 
octahedral site

by Ni–O or Fe–O vibrations at 
octahedral sites.

4.3. Scanning Electron Microscopy (SEM) Analysis

An image captured by a Scanning Electron Microscope depicts the NiFe2O4 

suggesting the presence of atypical aggregation patterns. From the EDX 
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crystalline structure of nickel ferrite, which is also indicated by the XRD 

NiFe2O4 was 80 nm [21].

4.4. The UV - Visible analysis is as follows:

Figure 7: NiFe2O4 compound with a 
direct band gap

Figure 6: absorption spectra in the 
UVvisible range of the synthesized 

NiFe2O4 compound

The measurement of the direct band gap is a crucial aspect of research in 
semiconductors and nanomaterials. For insulating substances, the energy of 

electron movement from the valence band to the conduction band, making 
the material non-conductive [22]. On the other hand, semiconductors 
showcase notably lower direct band gap energies, facilitating electron 
transitions and conductive characteristics that are crucial for various uses. 
The direct band gap of the synthesized nickel nano ferrite was found to 
be 1.57 eV utilizing UV-Visible spectroscopy, underscoring its potential 
usefulness in semiconductor related technologies [23]. The band gap energy 

analysis [24].
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the energy bandgap is symbolized by “Eg,” and for the direct case, the value 
of “n” is presumed to be 2. the space between bands [25].

5. Conclusion
The hydrothermal process was used to effectively manufacture nickel 
nano ferrite, and its characteristics were comprehensively examined. The 
XRD analysis revealed an average crystallite size of 34.10 nm, while FTIR 

¹ and 481 cm ¹. An 
average particle size of around 80 nm was found by SEM examination, and a 
direct band gap of 1.5 eV was found by UV-Visible spectroscopy. According 

and better nanoscale characteristics, making it useful for semiconductor 
applications.
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