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 Cd2+,  Cu2+ or a combination of these ions. Iron oxide nan-
oparticles having different kinds like hematite (α-Fe2O3), 
magnetite  (Fe3O4), maghemite (γ-Fe2O3). These magnetic 
particles are used as a carrier of medicine in the body [5], 
treatment of cancer [6], magnetic resonance imaging and as 
a sensor [7].

Nickel ferrite shows soft ferromagnetic behavior is the 
form of bulk material [8]. They are known as cubic ferrites 
because most of the spinel ferrites form cubic spinel struc-
ture. Nickel substituted ferrite nanoparticles are magnetic 
particles used in various field of life. Nickel ferrite nano-
particles have inverse spinal structure with 32 octahedral as 
well as 64 tetrahedral sites. When Ni added in ferrite then 
octahedral sites contains  Ni2+ and tetrahedral (A) sites as 
well as octahedral (B) sites contains  Fe3+ [6, 9]. Nickel fer-
rite nanoparticles are the magnetic particles having extraor-
dinary properties which can be used in several optical, 
magnetic, technological [10–12] and medical objectives. 
Nickel ferrite nanoparticles can be used as a device to store 
data [13] for the classification of inorganic materials which 
play a very important role in the different aspects of life 
due to their outstanding magnetic, electronic [14, 15] and 
optical properties. Nickel ferrite can be used in biomedi-
cal material and as a soft magnet [16] as multilayer chip 
inductor (MLCI), rod antenna, digital tape recording disks 
[17] and sensor device for humidity [18] drug delivery [19] 
inside the body thorough blood. As nickel ferrite particles 
are stable and have very high electrical resistivity due to 
which they can be used for as magnetic refrigerator [20]. It 
can also be commonly used as photo catalyst [21] for color 
imaging [22] magnetic resonance imaging [23, 24] as low 
loss materials at frequency [25].

Properties and particle size of the nano composites [26] 
can be controlled by different synthesis methods. Variety 
of techniques have been used like co-precipitation method 
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1 Introduction

Metallic ferrite is the point of attention of researchers 
due to their extraordinary properties like magnetic, opti-
cal, chemical and electronic [1–4]. Metallic ferrites are 
chemically represented by the formula unit  MFe2O4. M is 
a divalent metal ion such as  Co2+,  Zn2+,  Fe2+,  Mg2+,  Ni2+, 
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[27–33] sol–gel [30, 34–39] hydrothermal [40–42] sol-
vothermal [22] oxidative polymerization [43] etc [16, 20, 
44–46] physical [47] and biosynthesis [48] for the fabrica-
tion of nickel ferrite nanoparticle. Most of the mentioned 
method required hard conditions like very high tempera-
ture. Some methods are very slow required so much time 
to complete the reaction, toxic chemical involved etc. The 
substitution of the nickel control the particle size of the 
ferrite nanoparticle and change the structure of the parti-
cles. The concentration of the nickel in ferrite nanoparticles 
effects directly on the band gape of the ferrite nanoparti-
cles. The absorption of the ferrite nanoparticles increases 
with the addition of nickel concentration.

This paper includes the fabrication of the nickel ferrite 
nanoparticles by suitable, easy and cost effective wet chem-
ical co-precipitation method at low temperature. The effect 
of metal loading ferrite has been investigating with differ-
ent parameters.

2  Material and Method

2.1  Synthesis of Pure Magnetic Ferrite Nanoparticles

Magnetic nanoparticles were prepared by wet chemical co-
precipitation method. The precursor used for the synthesis 
of pure ferrite nanoparticles is ferric chloride  (FeCl3·6H2O) 
along with sodium hydroxide as precipitating agent. Etha-
nol  (C2H6O) and distilled water are used for washing the 
precipitates.

Schematic diagram for the synthesis of pure ferrite 
nanoparticles in which ferric chloride  (FeCl3·6H2O) of 
3.244  g (0.4  M) was measured in a 50  ml glass beaker 
whereas 2.99  g (3  M) of sodium hydroxide (NaOH) was 
measured in 25 ml beaker. Sodium hydroxide was dropped 
in the solution of the ferric chloride drop wise for 40 min 
at the constant temperature of 80 °C with constant stirring 
on magnetic stirrer. The pH of the solution should be >12. 
Filter the prepared precipitate by filter paper and dried by 
constant temperature oven by overnight. After drying pre-
cipitates were annealed at 600 °C for 6 h. Then we get pure 
magnetic ferrite nanoparticles (Fig. 1).

2.2  Synthesis of Nickel Ferrite Nanoparticles

Magnetic nickel ferrite nanoparticles were prepared with 
the same technique which is wet chemical co-precipitation. 
The precursors for the synthesis of nickel ferrite nanopar-
ticles are ferric chloride  (FeCl3·6H2O), nickel chloride 
 (NiCl2·6H2O) along with the sodium hydroxide (NaOH) 
used as precipitating agent. Ethanol  (C2H6O) and distilled 
water are used for washing the precipitates. Nickel ferrite 
nanoparticles are synthesized with different concentration 

of the nickel like 2, 4, 6 and 8% in magnetic ferrite 
nanoparticles.

Figure  2 shows the schematic diagram to synthesis 
the nickel ferrite nanoparticles in which ferric chloride 
 (FeCl3·6H2O) and nickel chloride  (NiCl2·6H2O) was meas-
ured in a 50  ml glass beaker, whereas 2.99  g (3  M) of 

Fig. 1  Schematic diagram for the synthesis of pure ferrite nanopar-
ticles

Fig. 2  Schematic diagram for the synthesis of nickel ferrite nanopar-
ticles
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sodium hydroxide (NaOH) was measured in 25 ml beaker. 
Different concentrations of precursors are used to get the 
variety of nickel ferrite nanoparticles. Different masses of 
nickel ferrite are used like 0.025, 0.0259, 0.077, 0.0103 g 
and ferric chloride like 3.18, 3.114, 3.05, 2.98 g for 2, 4, 
6 and 8% nickel ferrite nanoparticles respectively, Sodium 
hydroxide was dropped in the solution of the ferric chloride 
and nickel chloride drop wise for 40 min at the constant 
temperature of 80 °C with constant stirring on magnetic 
stirrer shown in Fig. 3a. The pH of the solution should be 
>12. Filter the prepared precipitate by filter paper and dried 
by constant temperature oven by overnight. After drying 
precipitates were annealed at 600 °C for 6 h. Then we get 
magnetic nickel ferrite nanoparticles with the variety of 
nickel concentration.

Experimental setup and experimental steps to complete 
the synthesis of the pure ferrite and nickel ferrite nanoparti-
cles in the lab is as shown in Fig. 3.

3  Characterizations

The prepared magnetic samples were characterized by the 
powder X-ray diffraction (XRD), scanning electron micros-
copy (SEM), ultra-violet visible spectroscopy (UV–Vis) 
and Fourier-transform infrared spectrometer (FTIR).

X-ray powder diffraction (XRD) with source copper 
Cu-kα of wavelength 1.5406 Å with 60 kV/30 mA to exam-
ine the crystal structural properties as well as the grain 
size [49–52] and phase identification [53]. The prepared 

samples were placed into diffractometers and start to run 
and collect data continuously. The size of the nanoparticles 
are calculated by the Debye–Scherrer’s formula [54] that is 
in Eq. 1.

where, � is the wave length of X-ray used which is 1.5406 Å 
[22]. � is the full width of half maxima of the peak. � is 
the diffraction angle of X-ray for the planes hkl. Scanning 
electron microscopy (SEM) is the characterization tool 
which gives the size and morphology analysis with the 
help of imaging of the sample at different resolution. In this 
work imaging are taken by the SEM at 50  µm resolution 
and analyze the ranging of the particle size of the pure fer-
rite and the nickel ferrite at different concentrations. These 
samples are characterized with SEM system at applied volt-
age 15 kV. SEM tells us about the size range of the nano-
particles. Ultra-violet visible spectroscopy (UV–Vis) is the 
technique to study the optical properties of the material 
synthesized by the co-precipitation method in this work. 
This includes the study of the absorbance of the synthe-
sized nanoparticles with different concentration of nickel, 
corresponding to the wavelength of the ultra-violet and 
visible light ranging from 200 to 500 nm and the absorp-
tion rang is 0–0.15. As wavelength of the light is along the 
horizontal axis (Y-axis) and absorbance of the material is 
along the vertical axis (X-axis). Fourier-transform infrared 
spectrometer (FTIR) is the study of the transmittance of the 
nanoparticles under the influence of infrared radiations (IR) 

(1)D =

0.9�

� cos �

Fig. 3  Experimental setup. a 
Solution, b drop wise addition 
of sodium hydroxide, c filtra-
tion, d drying, e annealing
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[55]. In this case we study the transmittance of the pure fer-
rite and nickel ferrite nanoparticles. In the graphical expla-
nation on vertical axis is representing the percentage trans-
mittance and the other horizontal axis is representing by the 
wavenumber of the IR radiations. The selected range of the 
wave number is 400–4500 cm−1 and the selected range of 
the percentage transmission along vertical axis is 50–100%.

4  Results and Discussion

4.1  Powder X-Ray Diffraction (XRD) Analysis

The crystal structures of the magnetic particles are stud-
ied by the XRD. The data given by the XRD is manipu-
lated to calculate the miller indices of the crystal phases 
and shown by the peaks on the graph. The peaks observed 
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Fig. 4  X-ray diffraction analysis. a Pure ferrite, b 2%, c 4%, d 6%, e 8% nickel ferrite nanoparticles
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by the XRD are compared with the Joint Committee Pow-
der Diffraction Standards (JCPDS) [56] data card No. 
01-086-2267 for the identification of phase which showed 
the phases (220), (311), (222), (400) and (422).

Figure  4 shows the XRD peaks of synthesized nano-
particles with different concentration of the nickel. The 
miller indices are the special indication for the exist-
ence of spinal cubic structure of nickel ferrite nanopar-
ticles with the lattice parameter 8.393  Å which indicate 
the presence of the additional phases which are hematite 
 Fe2O3 or NiO. The peaks on the graph are shifted back-
ward with the lighter variation in the concentration of 
nickel. This indicates that the size of the nickel ferrite 
nanoparticles is proportional to the nickel concentration. 
The calculated particle size of the nanoparticles of nickel 
ferrite increases within the range of 40–60 nm.

4.2  Scanning Electron Microscope Analysis (SEM)

Images of the SEM of synthesized nanoparticles with 
wet chemical co-precipitation method with different con-
centrations of the nickel are shown in Fig.  5. Figures 
are named as a, b, c, d and e which are representing the 
pure ferrite, 2, 4, 6 and 8% nickel ferrite nanoparticles 
respectively.

The size of the nickel ferrite nanoparticles is rang-
ing from 250 to 400 nm by scaling method with uniform 
morphology appearance with little bit agglomeration. 
The addition of nickel causes the formation of NiO and 
 Fe2O3 from FeO which causes the increase in grain size 
of the nickel ferrite nanoparticles. As this results that the 
grain size is proportional to the amount of nickel.

Fig. 5  SEM analysis of pure 
and nickel ferrite nanoparticles
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4.3  Ultra-Violet Visible Spectroscopy Analysis

The results of UV–Vis characterization are shown in Fig. 6. 
The graphical representation shows the variation in absorp-
tion of pure and nickel ferrite nanoparticles.

UV–Vis shows the red shift within the range of 
200–400  nm of absorption peaks by increasing the con-
centration of nickel in ferrite. Red shift causes to decrease 

the band gape and increase in particle size. So by increas-
ing the concentration of nickel the band gape of the atoms 
decreases and particle size increases.

4.4  Fourier-Transform Infrared Spectrometry Analysis

The graphical spectra of FTIR for pure and nickel ferrite 
nanoparticles with the variety of concentration are shown 
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Fig. 6  UV–Vis spectrometry analysis of nickel ferrite with different concentrations
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in Fig.  7. It is concluded that the transmittance peak is 
shifted forward by the increases in the concentration of the 
nickel. It is also observed that the bands of oxygen with any 
metal used in the samples are scanned within the range of 
the 400–1000  cm−1 which point out the existence of the 
ferrite and nickel ferrite nanoparticles.

Vibrational bands of the iron and nickel are observed 
within the range of wavenumber 1000–1200  cm−1 is the 
region of the vibrational bands of  Fe2O3 in octahedral site 
and Ni–O in tetrahedral sites present in the samples. The 
transmittance peaks shift forward because the addition of 
nickel. Nickel creates the bonding with oxygen by which 
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vibrational mode of the sample increases which becomes 
the cause of the shifting of the peaks. The blurred portion 
of the graph shows that the greater amount of transmission 
of IR radiation so there will be no absorption within the 
blurred portion of the IR spectrum.

The results of all the characterization techniques are 
linked. XRD and SEM both show the grain size is directly 
proportional to the amount of nickel present in nickel fer-
rite. The red shifting in UV–Vis shows the decrease in band 
gap which indicates the increase in grain size. Similarly 
forward shifting of peaks in FTIR indicates the increase in 
the vibrational modes of  Fe2O3 and NiO which shows the 
increase in grain size and transmission by increasing the 
amount of nickel. All the characterization techniques indi-
cate the increase in size by increasing nickel in ferrite.

5  Conclusion

Nickel ferrite nanoparticles were prepared with different 
concentrations of the nickel. It is noted that properties of 
the prepared samples are dependent on the concentration 
of the nickel added in ferrite nanoparticles. XRD results 
show that the particle size increases with the increase in the 
concentration of the nickel in ferrite. It is also concluded 
that the crystal structure of the nickel ferrite nanoparticle is 
converted from face centered cubic structure to body cen-
tered cubic structure by the addition of nickel. The FTIR 
study concluded that transmission peaks are shifted for-
ward by increasing the amount of the nickel. It is showed 
direct relation of transmission and amount of nickel. The 
UV–Vis shows red shift of the light which is the direct 
indication of the inverse effect on the band gape. The SEM 
analysis depicts that the increase in size of the nickel ferrite 
nanoparticles by increasing the concentration of the nickel. 
This study is useful to fabricate devices intended to store 
data, for the classification of inorganic materials which 
plays a very important role in the different aspects of life 
due to their outstanding magnetic, electronic and optical 
properties.
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