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Abstract:  In this manuscript detailed review was done on 
the synthesis, characterization and properties of two widely 
used materials, one is wide band gap semiconductors and 
second is ferrite nanoparticles for photocatlytic activities 
and dye degradation. The water pollution due to toxic dyes 
used in most of the textile industries is a big issue which need 
to be addressed and this manuscript deals with the solution 
to the problem. The synthesis of nanoparticles of individual  
material and their composite is explained in the manuscript. 

explained. 
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I. INTRODUCTION

The growing need for smaller technology devices has led to an 

Improving the performance of permanent magnetic materials 
requires an understanding of magnetic characteristics at the 
nanoscale. The magnetic characteristics of nanoparticles are 

anisotropy, and other factors (Salih and Mahmood, 2023).

Growing volumes of wastewater from industrial, agricultural, 
and other human activities have damaged the environment 

contaminants and toxic heavy metals and human activities have 

organic dyes as Rhodamine B, Congo red (CR) secondary 

at different quantities that are harmful to ecosystem health, 
et al.,

photosynthesis and autotrophic creature activity, resulting 

surrounding environment (Oliveira et al., 2022).

Eliminating these pollutants from the water is essential to 
et al., 2020). 

Many methods, such as ion exchange, exchange adsorption, 

photocatalytic degradation, reverse osmosis, electrostatic 
precipitation, adsorption, chemical precipitation are used to 

et 
al., 2021). Due to their high operating costs, sludge creation, 
or secondary pollution formation, these techniques are not 

et al., 2023). Photocatalysis 

et al., 2023). It converts organic dyes, either fully or 
et al., 2020).

photocatalysts to offer new solutions to waste water treatment 
(Sun et al., 2023). As semiconductors, photocatalysts are highly 

concentration requirements. Today, oxide semiconductor 
nanoparticles (NPs) such as titanium dioxide (TiO2), tin dioxide 
(SnO2 2O3), wolfram 

3), ZnO, or their mixtures are the most commonly 

2 and ZnO nanoparticles (NPs), 
two semiconducting metal oxides, hve drawn a lot of attention 

to the photocatalyst’s structure through doping or the creation 
of a composite to alter its surface increases the activity of the 
photocatalyst further (Kanwal et al., 2023; Rajan et al., 2023).

Zinc oxide (ZnO) is one of the most widely utilised 
nanoparticles in various applications such as gas sensors, 
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applications, etc. (Rajan et al., 2023). It is regarded as one of 

et al., 2021).

structure, ferrites are great candidates for photocatalysis. They 

of its high electrical resistance, low eddy current losses, and 
magnetic characteristics, magnetic spinel ferrite materials are 

range of electric and optoelectric devices (Salih and Mahmood, 
2023). 

The removal of pollutants from wastewaters is greatly 

nanoparticles, due to their high surface area per volume, high 

mass transfer limitation and ease of separation when compared 
to other catalysts. Spinel ferrites have the typical chemical 
formula AB2O4, where B is iron (III) oxide in the +

2O3

on their original crystal lattice, ferrites have different structural 
properties from garnet, hexagonal, and spinel. A single unit cell 
has 64 tetrahedral and 32 octahedral sites; however, only 8 and 

the crystalline structure (Salih and Mahmood, 2023). 

2O4 2O4 2O4, 

2O4 2O4
of their distinctive structural, magnetic, optical, electrical, 
and dielectric properties as well as their thermal and chemical 

of technological applications, such as photoluminescence, 

permanent magnets, magnetic drug delivery, and magnetic 
(hyperthermia) (Salih and Mahmood, 2023). These ferrites 

2O4 

et al., 2023).

2O4

2O4
has an inverted spinel structure, meaning that tetrahedral 
sites contain ferric ions, whereas octahedral sites include 

2O4
et al.,

resistance, electrical insulation, high Curie temperature, high 

et al., 2023). 

2O4
used to photocatalytically degrade RhB in the presence of light 

et al., 2023).

2O4, or manganese ferrite, is one of the most intriguing 

applications, including as electrical devices, medication 
administration, magnetic resonance imaging (MRI), and many 
telecommunications sectors. Manganese ferrite is less resistant 
than other spinel ferrites. The process used to create ferrites 
may alter how much the crystal structure is inverted (Salih and 
Mahmood, 2023).

3O4, is a common magnetic iron oxide that is 

and octahedral positions. Because of their many uses and 

3O4 nanoparticles are among the most 
popular magnetic compounds (Ahghari et al., 2023). As an 

et al., 2023).

technologies, as well as the various synthesis methods of metal 
oxide semiconductors and Spinel ferrites nanoparticles, their 

II. PHOTOCATALYTIC MECHANISM OF ZnO-BASED 
COMPOSITES

semiconductor surface that is triggered to release hydroxyl 

organic dyes (Vanitha et al., 2023). 
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surface of the catalyst. A schematic of ZnO’s photocatalytic 

primarily involved in ZnO photocatalytic reactions: (I) ZnO 

called hþ. (II) photogenerated e–/hþ have a strong propensity 

hþ pairs that survive are moved to the ZnO surface, where 

and hþ undergo reduction or oxidation reactions on the ZnO 
surface. Superoxide anion free radicals (.O2) are created 
when the e– on the CB reacts with oxygen. Next, protonation 

2
.), which then react 

2O2), and lastly, 

2O2 reacts with .O2 to form hydroxyl free radicals (.

2O2 reacts with hv and e– to create additional .

Moreover, VB’s h produces .

and hydroxide ions. Strong oxidising agents like .

(CO2 2O2, .

(Sun et al., 2023).
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III. FACTORS AFFECTING THE SYNTHESIS OF 
NANOMATERIALS

The synthesis, properties, and uses of nanomaterials are 

temperature. As the reaction medium’s temperature rises, 

concentration of the synthesised nanoparticle are also largely 

with reaction time.

concentration of precursors. Because the precursors aid in 

of the nanoparticles increase as the precursor concentration 
increases. Because the synthesised nanoparticles have a high 
collision frequency and high surface energy, agglomeration of 
nanoparticles happens when a high concentration of reactants 
is used. The amount and nature of solvent affect the synthesis 

the reaction medium as the solvent concentration rises, which 

of less mass transfer in the solution. The polarity, viscosity, 
and molecular weight of the solvent also affect the synthesised 
nanoparticles. Additional elements that affect nanoparticles 
include surfactants, doping materials, and capping agents or 
ligands (Kokilaa et al., 2022). 

IV. PHOTOCATALYTIC INEFFICIENCY OF THE 
SEMICONDUCTORS AND SPINEL FERRITES 

NANOMATERIALS

Depending on the degree of photoetching, semiconductor 

only act as photocatalysts when exposed to ultraviolet (UV) 

respectively, they are not appropriate for it (Riyanti et al., 2023). 
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Sun et al., 2023. Therefore, creating effective and appropriate 

(Bayahia, 2022).

Similarly, there exists a major issue with ferrite nanoparticles 

driven photocatalytic degradation of organic dyes (Gupta et 
al., 2020). After 60 minutes of UV irradiation, only 30–35% 

2O2

2O2

3O4

separation and material life (Oliveira et al., 2022). The use 
of homogeneous ferrous or ferric salts in industry often has a 

Of all the synthesis strategies, the synthesis processes play a 

2O4 in many applications; 
however, further research is needed to determine the most 

2O4

Additionally, it is crucial to consider and carefully investigate 

2O4 NPs (Salih and Mahmood, 
2023).

V. STRATEGIES TO IMPROVE THE PHOTOCATALYTIC 
EFFICIENCY OF SEMICONDUCTORS AND SPINEL FERRITES 

NANOMATERIALS

Two main issues were addressed in order to increase the 

and small apparent rate constant of photocatalysis. The second 

photogenerated carriers. Controlling the intended shape, adding 

metal oxide semiconductors. Several techniques are introduced 
to increase light harvesting, such as coating, doping with other 
metals, and semiconductor material (Mousa et al., 2021).  In 
order to achieve spontaneous photodegradation, the addition 

hole (Mougnol et al., 2022).

Enhancing the photocatalytic performance of metal oxide 
is most commonly achieved through doping, which is the 
introduction of elements into a semiconductor’s lattice 

range, optimising its internal equivalent circuit structure, and 
increasing the catalyst’s activity (Shu et al., 2023) while also 
producing more active sites. It is a useful tactic to increase the 

researchers have focused their attention on ZnO doped with 

ZnO, Cu is present in the host lattice in the (2+) oxidation state, 
et al., 2023). 

Apart from doping with a single element, the study revealed that 
doping a semiconductor with two or more elements might make 
up for any shortcomings and result in improved photocatalytic 

pairs when simultaneously doped with sulphur (S) and chlorine 
(Cl) utilising an ammonium chloride and ammonium sulphide 

complexation rate of e–/hþ pairs and a high density of active 

2.9 eV (Sun et al., 2023) and the photocatalytic degradation 

crystal structure of ZnO, and the lattice constants rose as the 

metal nanoparticles (such as Ag NPs, Au NPs, Pd NPs, etc.) 

ZnO photocatalytic activity and prevent the formation of 
photogenerated hþ/e– complexes (Sun et al., 2023).

found that when ZnO was coupled to a semi conductor with 

from the semiconductor with the higher CB minimum to the one 
with the lower one when exposed to light. This would improve 
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ZnO’s photocatalytic potential through this technique, mutual 

superimposed (Sun et al., 2023).

engineering a heterojunction of two semiconductor materials. 
This helps in increasing the surface area of hydroxide groups 

energy in ZnO@TiO2
nanoscale level has gain interest (Mousa et al., 2021).

nanoparticles for the oxidation of organic contaminants. 

3O4 2O4

2O4

3
+/B2

+ and A3
+/A2

+) 
for O2 adsorption and activation, which are the consequence of 

et al., 2023).

2O2 with a photocatalyst consisting of ferrite 

2O4 was more effectively 

2O2 on rhodamine B dyes than 

3O4 2O2
photocatalytically degraded naphthalene more effectively 

2O2 2O2 can produce more 

et al., 2023).

2O4 2O4

2O3

kind of dye from water (Oliveira et al., 2022).

To remove RBBR from aqueous solutions, an advanced 

materials was used. The core@shell nanoparticles that make 

2O4 2O3) maghemite. 

anionic and nonpolar species, this innovative architecture offers 

dyes (Oliveira et al., 2022).

2O4

silver nanoparticles (Ag NPs) are among the most widely used 

2O4 is 3.8 times higher than that of 

2O4 2O4
thus, shows promise for the treatment of dye, organic chemical, 

et al., 2023).

2O4; M 
=Co, Ni, Cu, Zn) in order to create new ferrite photocatalysts 

minimal energy consumption. It was discovered that these 

2O2
system (Gupta et al., 2020).

3N4), a polymeric, nonmetal material 

et al., 2020). Because of its appropriate 

3N4

3N4 with 

organic dyes, researchers have worked hard to increase the 

3N4 photocatalysis (Ali et al., 2023).

VI. SYNTHESIS OF SEMICONDUCTORS AND SPINEL 
FERRITES NANOMATERIALS

most widely employed for the synthesis of nanomaterials out of 
et al., 2021).  

A. Hydrothermal Method

Due to its formation of excellent quality crystals of different 

rapidly growing procedure. Since the reaction is conducted in a 
closed system, the hydrothermal process has several advantages 
over other conventional processes, including reduced operating 
temperature when the right solvent is present, energy savings, 

aqueous solvents at high pressure and temperature to make 

method of synthesis allows for the easy production of products 
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as well as the acquisition of materials that are challenging 

parameters like the reaction temperature, pressure, solution 

duration, the hydrothermal synthesising method can modify 

and crystalline phase. The chemical properties of solvents have 
the potential to enhance nucleation and grain growth, which in 

solution (Kokilaa et al., 2022).

B. Sol–Gel Synthesis

functionalities. This technique is frequently used to synthesise 

et al., 2022).

ageing, drying, hydrolysis, polycondensation, and thermal 

the monomer or starting material in the solution undergoes 
hydrolysis. A primary condensation reaction then takes place 
to create a low viscosity solution containing a uniformly 

Brownian motion, which is referred to as “sol.” The amount 

polymeric chains that are dispersed throughout the liquid phase 
following polycondensation. Over a liquid phase known as 

processes, polycondensation takes place and the gel’s strength 
grows; the extra solvent is eliminated. Lastly, calcination is 
used to eliminate solvent molecules and residues from the 
necessary product. It also keeps the temperature at the right 

synthesised using the sol–gel process (Kokilaa et al., 2022).

Scaling up the product is challenging with the sol–gel process, 

requires a comparatively large energy supply, resulting in a low 
yield per unit of energy supplied.

C. Chemical Vapor Deposition

called chemical vapour deposition (CVD) involves settling 

takes place upon the deposition of vapour precursor on a hot 

have the potential to undergo reactions and form intermediate 
reactants. These original raw reactants or intermediate reactants 

interface reaction to nucleate, grow, and coalesce to deposit the 

CVD mechanism can occur in an open reactor system with an 

differential temperature; however, in an open reactor system, 
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precursors are continuously introduced into the reactor with the 
assistance of carrier gas (Kokilaa et al., 2022).

is required for solid precursors. Either direct gas reactants 
are used, or liquid precursors or solutions containing solid 

examples of carrier gases that are used to move these gaseous 

and other conventional vapour deposition methods, the CVD 
method of synthesis offers many advanced advantages. These 

and altering different reaction conditions and elements like 

(Kokilaa et al., 2022).

D. Green Synthesis

It is pertinent to mention that the physical and chemical 

approach that shows the most promising to resolve these 

saponins, proteins, peptides, tannins, terpenoids, and volatile 
oils are found in the majority of plants in nature. These 

and reducing agents to promote the production of NPs (Bhardwaj 
and Singh, 2023). They need less energy to produce and stop 
the aggregation of nanoparticles. These phytochemicals create 

et al., 2021; Mougnol et al., et 
al., 2023; Rathi et al., 2023). 

documented in multiple reports utilising leaf extracts from 
various plants, including Phyllanthus amarus, Thymus 

3). The production of nanoparticles using plant extracts 

other metals. By using ecological agents and producing fewer 

environmentally friendly processes and make them faster, 
et al.,

et al., 2021; Mougnol et al., et al., 2023; Rathi 
et al., 2023; Manimegalai et al., 2023; Bhardwaj and Singh, 
2023).

 

E. Synthesis of Spinel Ferrite

2O4
precipitation. This process produces spinel ferrite nanoparticles 
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the kind and ratio of precursors (Salih and Mahmood, 2023). 

procedures are used in hydrothermal and solvothermal syntheses 

2O4 magnetic nanoparticles. It is 

hydrothermal processes. It makes use of a nonaqueous solution, 
such methanol, ethanol, or ethylene glycol. To dissolve the metal 
precursors in solvothermal synthesis at a moderate temperature 
and high pressure (Salih and Mahmood, 2023).

simplicity and inexpensive cost, is its lack of purity in the end 
product. Thermal treatment is required to attain high purity 
and crystalline nanoparticles. The kind of precursors present in 

form and crystallinity of the nanoparticles created using this 
approach.

Generally speaking, magnetic nanoparticles generated at higher 

2O4

production (Salih and Mahmood, 2023).

Using the coprecipitation method, a new nanocomposite known 

5 2O4 was effectively created. Its 
methyl orange dye removal effectiveness was investigated and 

2O4. Numerous factors were 
investigated, including contact duration, dye concentration, 

on the MO adsorption process. The highest removal percentage 

2O4
were used for isotherm and kinetics investigations. The 

2O4

5 2O4

et al., 2023).

Using inexpensive materials with a high surface area to volume 
ratio can also help to enhance it. According to Oliveira et al. 
(2022), metal hydroxides derived from in situ electrosynthesis 

contaminants from water.

nanoparticles (NPs) can regulate their magnetic characteristics 

magnetoelectric characteristic opens up new technical 

with sensing apparatus (Jamshaid et al., 2022).

enhance their structural, magnetic, and characteristics of 

NPs improved the photocatalytic activity, suggesting that they 

et al.,
2022).

Green chemistry researchers use natural resources such 

ferrite nanocomposites was synthesised in an environmentally 

et al., 2023).

synthesis of Ag NPs. There are a lot of polyphenols in jasmine 

demonstrated to have the strongest antioxidant and anticancer 
et al., 2023).

VII. CHARACTERIZATION

Before using synthesised nanoparticles in different 

there are numerous analytical methods for characterising 

provides information on atomic arrangement, functional 
groups, and surface chemistry. Microscopic techniques such 
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as transmission electron microscopy (TEM), high resolution 

dynamic light scattering (DLS) are commonly used to determine 

the composition and elemental components of nanomaterials. 
Nanomaterials’ elemental composition and different forms of 

optical instruments are used to determine optical properties. 
Thermogravimetric analysis (TGA) is a common method used 
to examine thermal properties. The primary applications of 

nanomaterials (Kokilaa et al., 2022).

The diffraction pattern clearly shows the characteristic peaks of 
this material, which are located at 31.74, 34.38, 36.22, 47.55, 

Miller indexes of (100), (002), (101), (102), (110), (103), and 
(112), respectively. These peaks align with JCPDS Card No. 

particles with a high degree of purity and crystallinity since 
no additional peaks were detected in the spectra, indicating the 

et al., 2021; 
et al., 2021).

gap when compared to the commercial version (3.7 eV). The 

et al., 2023).

dyes under UV light, the photocatalytic activities of the 

suggests that hydroxyl radicals, positive holes, and superoxide 

et al., 2023).

The purity and crystallinity of the magnetic nanoparticles 
o, 35.55o, 

43.13o, 53.95°, 57.70o, 62.64o, and 74.95o were the locations 

2O4

2O4

2O4
et al., 2023).

2O4 particles, giving 

et al.,
2023).

EDS, SEM and TEM were employed to investigate the 

2O4 photocatalyst. This demonstrated that while the many 

2O4 sample had a uniform 

The morphologies, textural characteristics, and optical 

2O4 (where M = Zn, Co, Cu, and Ni) were 
investigated in addition to its photocatalytic capacity to destroy 

from 18 to 32 nm. Under sunny and neutral circumstances, the 
photodegradation function of each photocatalyst was assessed 

SEM, or scanning electron microscopy, was used to 

photocatalyst EDS analysis was conducted at the appropriate 
keV levels (Gupta et al

mappings, indicating the homogeneity of the photocatalyst. 

the four ferrites, single crystals were found (Gupta et al., 2020).

single crystals were found (Gupta et al., 2020). The elemental 
makeup and oxidation states of ferrite photocatalysts were 
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presence of major essential components (Gupta et al., 2020).

2O4 nanostructures at v1 561.31–603.53 cm
. These represent the stretching 

2O4 spinel nanoparticles. 

3
+) 

in octahedral structures (Bayahia, 2022).

3O4/Se nanocomposites was 
performed using EDX. The existence of strong peaks associated 

effect of the composited components on the overall crystal 

3O4/Se nanocomposite. The 

3O4 NPs diffraction planes (111), (220), (3 1 1), 

74.3. According to Ahghari et al. 3O4/Se NPs’ 

3O4 core’s crystal arrangement 

3O4

3O4

et al., 2023).

3N4 nanosheet 

3O4 3N4 3O4

3O4 3N4, and their composites 

3N4 3O4 catalysts’ photocatalytic activity 

3N4 3N4 has a layered structure with 

et al.,
2023).

VIII. APPLICATIONS OF SEMICONDUCTORS AND SPINEL 
FERRITES NANOMATERIALS

2O4’s most common uses (where M = Co, 

ferrite vary depending on the type of cation and the synthesis 
method; these changes also affect the ferrite’s properties, which 
further lead to various applications.

A. Magnetic Applications

grains and lower media noise in the materials. To achieve a 

all affect the spinel ferrites’ magnetic properties (MR, MS, 

2O4 include 

2O4

canting effect, and dipolar interactions on the NP’s surface, 

2O4 NPs. 

2O4 Synthesis 
and Applications (Dippong et al., 2023).

B. Photocatalytic Applications

Photocatalysts are essential materials that facilitate the use of 

use in a variety of processes, including the inactivation of 
cancer cells, the removal of air and water pollutants, odour 

production. These days, photocatalysis is the treatment of 
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created are also utilised for the oxidation and reduction process. 

organic compounds (Dippong et al., 2023). 

in the photodegradation of different organic contaminants. 
ZnO NPs quickly and totally degrade MB dye when exposed 
to UV light. The primary oxidising species that are essential 
to the photodegradation of toxic compounds (pollutants) are 
superoxide anions and hydroxyl radicals. Photocatalysis is 
a dynamic process that initiates a series of redox (reduction 
and oxidation) reactions simultaneously on the surface of 

into smaller fragments, i.e. atoms. Additionally, ZnO NPs 

order kinetics applied to the degradation of MO. Since ZnO 

doping, thermal annealing, and heterojunction photocatalysis 
are employed. By enhancing ZONSs’ optical and electrical 

activity. The most crucial elements that improve the 
photocatalytic properties are the kind of photocatalyst, 

contaminants, and diffusion resistance of organic pollutants. 

and active sites that enhance the photocatalytic activity, small 

2O4 was employed 

light, for the degradation of organic dyes, such as methylene 

2O4
2O4 and 

2O4

using a magnet and used four times in a row. Under Xe lamp 

2O4

2/g), 

2O4 

2O4

2O4
NPs’ photocatalytic activity is dependent on their surface 

2O4’s comparatively 

2O4 NPs were used for the photocatalytic degradation 

2O4

quickly and completely degraded the RhB dye (Dippong et al.,
2023).

IX. CONCLUSIONS OR IMPORTANT OUTCOME

promising options among semiconductor photocatalysts for 

makeup of the materials. By doping the semiconductors with 

metals. Complex heterogeneous photocatalysts were created, 

et al., 2022). 

the quantity of leaf extract added to the synthesis medium. 
The ZnO and TiO2

et al., 2023). 

3O4 and 

2O4
reduce organic pollutants, such as dyes and pharmaceutical 

et al., 3O4 shown strong photoactivity for phenolic 

2O4 has 

2O4
has strong photoactivity for the photooxidation of tetracycline, 
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et al., 2023).

2O4 nanoparticles were 

2O2 all have an impact on the photocatalytic 

2O2, 

2O4
et al., 2023).

nm were in tetragonal symmetry. According to Gupta et al. 

NIR range and had an impact on the photocatalytic degradation 

2O2/ferrite system was the main 

et al., 2020).

Green synthesis, or the use of natural resources to create 

in the search for more ecologically friendly ways to produce 
nanoparticles. A more promising method than traditional 
methods is to synthesise nanoferrites using plant extracts or 

et al., 2023).

X. SCOPE OF FURTHER RESEARCH

disregarded, since different photocatalysts here have different 
photoelectrochemical properties (Shu, 2023). In general, we 

which frequently results in a lower quantum yield, and 
poor photocatalytic performances, these heterogeneous 
photocatalysts are not as practical under direct sunlight 
irradiation and therefore have room for improvement in terms 

et al., 2020).

cannot meet the requirements of practical devices during the 

oxi
their attention to the introduction of another material onto the 

the toxicity of the products generated after the dye degradation 

Nanoscale spinel ferrites have attracted a lot of attention for 

evident that the future trend in applications for magnetic spinel 
ferrites will centre on manipulating the necessary magnetic 

materials for magnetic hyperthermia is one use for magnetic 
spinel ferrites. It is still early in the research phase, and further 
investigation is required to address some issues such adjusting 

2023).

synthesis conditions, control over the quantity and quality of 

materials and their compositions). These limitations present 

focusing on yield improvement, achieving appropriate quality 

saving technology are some of the research directions that need 

et al., 2023).
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