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Abstract— We have concentrated on the most current developments in the nanoparticles be from 1 nm up to  100 nm in size;  that were 

widely reported by researchers in the year 2021 in this review. The researchers has used different techniques to create and characterize 

nanomaterials that could help with unique applications. Scientists have come across numerous societal demands and used scientific and 

engineering methods to address social issues. Recent advances in science research, agriculture, biotechnology, technology, and medicine 

have all benefited from the simple to complex structure of nanoparticles. Metal oxide nanoparticles' surface, crystal structure, chemical 

reactivity, stability, and other physico-chemical properties, among others, are incredibly expressive in determining their functions. These 

essential properties are influenced by the particle size of the substance. At the nanoscale, the fundamental laws of classical mechanics 

behave differently, and the material's behaviour can reveal the relationship nature of quantum mechanics. 

 

Index Terms— Nanoparticles, Nanotechnology, Synthesis methods, Characterization technics. 

 

I. INTRODUCTION 

The, is said Greek term "dwarf," which signifies 

diminutive in size to have been the source of the English 

word "nano." [1]. The nanoparticles are thought to be the 

particles identical to biological functional units in size, 

ranging from ~1 nm to ~100 nm in diameter [2]. They are 

considered to be recent entrants into the biomedical industry. 

Nanotechnology investigates structural assessment of 

electrical, optical, and magnetic activity as well as molecular 

and sub-molecular levels. It has the potential to change a 

variety of equipment and procedures used in medicine and 

biotechnology [3]. These characteristics of magnetic 

nanoparticles are transportable, less expensive, safer, and 

simpler to use  [3]. The magnetic nanoparticles are better 

suited for a variety of uses, including biotechnology [4], 

telecommunication [5], and applications for electrical 

switching [6], magnetic recording heads [7], antenna rods [8], 

microwave equipment [9], MLCI [10], resonators [11], and 

computers and TV equipment [12], pharmaceutical [13], data 

storage [14], magnetic nanofluid [15], photocatalysis [16], 

hyperthermia [17]. Memory chip, transformer core, catalyst, 

magnetic refrigeration, and magnetic resonance imaging are a 

few examples. Magnetic Nanoparticles are used for a variety 

of things, including medical treatments, energy storage 

systems in solar and oxide fuel batteries, optoelectronic 

devices, bactericidal agents, electronic devices, biological 

labelling, and the therapeutic interventions of some types of 

cancer [18-20]. They are also widely incorporated into a 

variety of standard components such as cosmetics and 

clothing [21]. Nanoparticles have been receiving a lot of 

attention recently because to their outstanding qualities, 

which include antimicrobial activity, great oxidation 

resistance and a high thermal conductivity [22]. 

II. SYNTHESIS METHODS 

The ceramic method, wet-chemical method, hydrothermal 

method, spray pyrolysis technique, salt-melt technique, 

auto-clave method, micro-emulsion method, etc. are some of 

the good and popular synthesis methods among the diverse 

portfolio of synthesis methods. Sol-gel auto combustion was 

employed to create a notional composition of Ni1-xCdxFe2O4 

NPs (x = 0.0, 0.2, 0.4). First, a clear, homogeneous solution 

was made by preserving a 1:3 molar ratio when dissolved 

nitrates of metal and citric acid in a ratio that was 

stoichiometric in double-distilled deionized water. Citric acid 

(C6H8O7) is used in wet-chemical procedures more 

commonly than other fuels because it is a weak organic acid 

with better complexing properties and a low ignition 

temperature (200–250 °C). The molecular concentration of 

metal nitrates to citric acid was thought to be 1:3. The pH of 

the solution was maintained at 7 by dripping additions of 

ammonia solution. The mixed nitrate aqueous solution was 

heated to 80°C and swirled constantly on a magnetic 

hot-plate stirrer. The hydrolysis of the precursors and the 

polycondensation of the hydroxide moieties, respectively, 
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result in the initial creation of "sol" and "gel," which 

influence the size, shape, porosity, structure, and other 

physical features of the finished product. This method 

involved stirring the sol continuously on a magnetic stirrer. 

The sol was then put into a dish and heated to 80 °C using a 

hot plate stirrer and heater. The sol was continually stirred for 

four hours until it solidified as a xerogel. The problem is 

raised to the next level, and when the temperature reaches 

120 °C, self-ignition takes place. The dry gel completely 

burned after an ignition was started, self-propagating the 

combustion to produce a fluffy loose powder. The entire 

auto-combustion process was completed in a short period of 

time. To create the single-phase Ni1-xCdxFe2O4 ferrite, the 

as-burnt powder was annealed in the programmed furnace for 

6 hours at 600 °C with a heating rate of 10 °C/min. 

III. CHARACTERIZATION TECHNIQUES 

Using an X-ray diffractometer model (3710) and Cu-Kα 

radiation (=1.5406 Å), the structural features of the produced 

Ni1-xCdxFe2O4 (x = 0.0, 0.2, 0.4) nanoparticles were studied. 

IV. RESULTS AND DISCUSSION 

X-Ray Diffraction Study (XRD) 

Using the X-ray diffraction technique, structural analyses 

Ni1-xCdxFe2O4 was conducted. According to the X-ray study, 

each sample contains a phase that is FCC, space group 

𝐹𝑑3̅𝑚 (𝑂ℎ
7 𝑁𝑜. 227  the spinel structure is nicely matched 

with JCPDS cards No. 89-4927 and #22-1063. There are no 

secondary peaks in any of the samples being analyzed, which 

all have a single phase cubic spinel structure. (see fig. 1). Due 

to the presence of the matching planes, the XRD pattern 

shows the creation of a single-phase cubic spinel structure. 

Table 1 lists the values of structural parameters like 

peak-to-peak ratios, hopping lengths (LA, LB), and bond 

lengths (RA, RB). With an accuracy of ±0.002, the lattice 

constant (a) of Ni1-xCdxFe2O4 NPs (table 1) was computed 

[29];    

a = d √(h2 + k2 + l2)   (1) 

The development of a single-phase cubic spinel structure is 

demonstrated by the occurrence of the matching planes (220), 

(311), (222), (400), (422), (511), and (440) in the XRD 

pattern. The Miller indices are denoted by (h k l), an X-ray 

wavelength is denoted by (λ), and a glancing angle is denoted 

by (Ɵ). The range of the observed lattice constant (a) 8.327, 

8.350 and 8.353 Å ±0.002Å. The increase in the lattice 

constant with the increasing concentration of Cd2+ was 

attributed to the higher ionic radii of Cd ion (0.97 Å); that is 

greater than the ionic radii of Nickel ion (0.78 Å), and Fe3+ 

(0.645 Å) obeying Vegard’s law.  

 
Fig. 1. Typical XRD pattern of Ni1-xCdxFe2O4 nanoparticles 

for x= 0.2 

Table 1. Peak data for the typical sample Ni1-xCdxFe2O4 (x = 

0.2) 

2Ɵ Area Intg FWHM Max Height Area IntgP 

29.0922 71.48197 0.16373 410.15303 17.32358 

33.25032 50.36154 0.16325 289.81536 12.20506 

34.2437 137.13364 0.18305 703.79278 33.23419 

35.66761 7.34948 0.08896 78.66962 1.78114 

35.74589 30.73339 0.15696 183.94935 7.44821 

54.86558 43.48367 0.21422 190.69422 10.53822 

54.86558 20.68193 1.2384 15.68915 5.01224 

60.21629 51.40255 0.26259 183.90014 12.45735 

Table 2. Lattice constant (aObs.) Å, Lattice constant (aCal.) Å, 

X-ray density (dx) for Ni1-xCdxFe2O4 (x = 0.0, - 0.4) 

Cont. 

(x) 

a(Å) ±0.002Å X-ray density 

(dx)g/cm3 aObs. (Å) aCal. (Å) 

0.0 8.327 8.517 5.391 

0.2 8.350 8.598 5.593 

0.4 8.353 8.680 5.832 

The range of the X-ray density was found to be between 

5.391, 5.593 and 5.832 Å. Using the Debye-Scherrer formula 

(2), the size of the crystallite (t) was calculated from the 

FWHM of the peak having the highest intensity (311) across 

all reflections [23]; 

𝑡 =
0.89𝜆

𝛽𝑐𝑜𝑠𝜃
  (2) 

Where β = Full Width Half the Maximum of the intense 

diffracted peak that corresponds to the plane (311) [24], λ =  

X-ray wavelength; and diffraction angle is θ = 0.89, which 

is also known as Scherrer's constant. There is a 20–28% 
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porosity range. Additionally, as Cd content rises, so do the 

hopping and bond lengths (table 2). By comparing the 

observed intensity ratios with the calculated intensity ratios, 

the Bertaut technique was utilised to determine the cation 

distribution as specified in equation (3) using XRD data [25].  

(Cd0.4
2+  Fe0.6

3+)A [Ni0.6
2+  Fe1.4

3+ ]B O4
2−    (3) 

Table 3. Composition (x), Tetrahedral bond (dAX) , 

Octahedral bond (dBX) ,Tetra edges (dAXE), Octa edges (dBXE) 

for the Ni1-xCdxFe2O4 (x = 0.0, 0.2, 0.4) 

x 
dAX  

(Å) 
dBX (Å) 

dAXE 

(Å) 

Tetra edges 

Shared 

dBXE 

Unshared 

dBXEU 

0.0 1.889 2.030 3.085 2.802 2.944 

0.2 1.893 2.035 3.093 2.810 2.952 

0.4 1.894 2.035 3.094 2.810 2.953 

V. CONCLUSIONS 

A single-phase, cubic shape is produced with the help of 

solgel method, and spinel lattice structure of ferrite were 

confirmed by the distinctive XRD responses. With Cd2+ 

loading, it was discovered that the lattice constant (ɑ), X-ray 

density (dX), and crystallite size (t) were found to be all 

increased. The Debye-Scherrer formula being used to 

determine the crystallite size (t), while the determined lattice 

constant ranged between 8.327, 8.350 and 8.353 Å ±0.002Å. 
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