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Abstract 
This review focused on the fundamental properties and characteristics of cobalt ferrites and nickel-doped cobalt ferrites' nanoparticle 
composition, particle size, and calcination temperature. The structural, texture, composition, particle size, cation, and anion distribution of the 
dopants, calcination temperature impacts, and effects on the doped compound of different studies are compiled. Moreover, the sol-gel, 
hydrothermal, and co-precipitation synthesis are reviewed among the prominent synthesis techniques. Anisotropy, coercivity, saturation 
magnetization, biological compatibility, chemical stabilities, optical and electrical applications, and the substituted element's impact are 
presented. The antibacterial application of cobalt ferrites and nickel-substituted cobalt ferrite nanoparticles are reviewed with their compatibility 
and others. 
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Introduction 
Nanotechnology is transforming radically and dynamically 

the lifestyle of the globe, and societies live worldwide. 

Nearly everyone uses nanotechnology-based goods daily 

thanks to groundbreaking scientific and technological 

developments (Purohit et al., 2017).  

It is a paramount research area in physics, biological and 

materials science, chemistry, pharmacy, medicine, 

agriculture, biotechnological, etc., as Tamboli et al. (2023) 

indicated. Furthermore, this global collaboration is 

improving the quality of machinery, transportation, energy 

storage and distributer, entertainment, construction materials, 

IT, aviation, automobiles, electronics, common appliances, 

consumer products, agricultural, scientific equipment, health 

and diagnostic analyses, and medicinal (Di Sia, 2017); 

(Singer et al., 2018).  

 

Novel physicochemical and morphological characteristics 

make tremendous applications in the ranges of 1 to 100 nm 

particle's average size. Due to the particle's tiny size, its 

behavior differs significantly from that of bulk materials 

(Morais et al., 2021).  

As a type of nanomaterial, magnetic nanoparticles are getting 

a lot of attention because they can be used to produce magnetic 

drug delivery equipment, permanent and temporary magnets, 

magnetic fluids, microwave devices, high-density recording 

media (Safi et al., 2015), sensors, biomedical drug delivery 

spintronics, solar cells, and ferrofluids (Vadivel et al., 2014).  
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The spinel ferrite structure of MFe2O4, 

where M stands for metals like Ni, Mn, 

and Zn, which affect the material's 

electric, magnetic, chemical, and 

mechanical properties (Safi et al., 2015). 

Tamboli et al. (2023) also noted that 

nanoscale particles had higher Curie 

temperatures, strong coercive fields, and 

low saturation magnetization than their 

bulk counterparts. 

Nickel (NiFe2O4) and cobalt (CoFe2O4) 

Ferrites are applicable because they are 

chemically stable, have a low melting 

point, are catalytic, and have a high 

specific heat capacity, coercivity, 

saturation magnetization, and 

conductivity. Their particle size and 

composition can suit various uses 

(Dippong et al., 2019).  

Because of the nature of their magnetic 

dipole moments, cobalt ferrites are hard 

ferrite materials with high 

magnetocrystalline anisotropy, 

exceptional chemical stability, 

mechanical hardness, and saturation 

magnetization. They have recently found 

applications in photocatalysis, MRI, 

biomedical diagnostics, hyperthermia, 

drug delivery, high-density digital 

recording, and biomedicine (Torkian et 

al., 2017). However, it cannot attain high 

initial susceptibility due to its substantial 

magnetocrystalline anisotropy (Torkian et 

al., 2017). A typical soft magnetic 

material, NiFe2O4 , has low 

magnetocrystalline anisotropy because 

Ni2+ substitutes Co2+, significantly 

decreasing the anisotropy of CoFe2O4 

(Dippong et al., 2019).  

As (Khan et al. (2021), the composition 

and microstructure of magnetic ferrite 

nanoparticles and the synthesis method 

and conditions significantly impact their 

structural, magnetic, and surface 

properties. 

1 Nickel-doped cobalt ferrite 

nanoparticles (NCFNPs) 

1.1 Basics 

The flexibility to substitute components 

makes ferrite nanoparticles one of the 

most prominent benefits for producing a 

material appropriate for a particular 

purpose. Doping with various elements is 

an ideal method for modifying the 

behavior of ferrites because it alters the 

structure, crystallinity, and element 

distribution between the tetrahedral (A) 

and octahedral (B) sites of the dopant and 

doped ions (Dou et al., 2020). Kavitha and 

Kurian (2019) state that dopants 

determine doped cobalt ferrites' magnetic,  

structural, and electrical properties by 

quantity, valency, size, and site 

preferences. 

Dipping divalent metal ions with cobalt 

ferrite alters its inverse spinel structure. 

The ratio of cobalt to the dopant ion 

affects how quickly regular spinel 

changes to inverse spinel. Modifying the 

hard-magnetic substance cobalt ferrite by 

doping it with soft and non-magnetic ions 

is possible (Cadar et al., 2020), (Andhare 

et al., 2020). 

Compared to nickel in its elemental form, 

nickel nanoparticles display remarkable 

electrochemical capabilities, 

extraordinary superparamagnetic 

properties, and stability, making them 

highly desirable in nanotechnology. In 

addition, nanoparticle nickel has been 

used in medicine as a catalyst for 

producing hydrogen nanoparticles 

(Ahamed and Alhadlaq, 2014). Some 

investigations have shown that nickel 

nanoparticles generate cytotoxic effects in 

vitro and platelet shape changes (Di 

Bucchianico et al., 2018). Nonetheless, 

despite their widespread use in industry, 

they can potentially be hazardous (Hante 

et al., 2019). 

The uses of nanoparticle magnetic 

materials in high and low-frequency 

equipment, drug delivery, magnetic 

resonance imaging, recording medium, 

ferrofluid, sensors, catalysts, and 

magneto-optical equipment have long 

attracted considerable interest. These 

nanoparticles have a significant impact 

because of their unique electronic, optical, 

radiation shielding, magnetic, and low or 

high magnetic coercivity, typically altered 

bulk structure (Desoky et al., 2022). In 

addition, magnetic nanoparticles have 

recently attracted much interest in 

biomedicine due to their beneficial 

magnetic, optical, and antibacterial 

capabilities at the nanoscale (Nigam and 

Pawar, 2020). 

According to research, the widespread use 
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of magnetic properties depends 

significantly on the crystal orientation 

composition (elemental), particle size, 

cations, and anions ionic distribution 

between tetrahedral and octahedral as 

stated by (Dippong et al., 2021). 

Furthermore, as Melo et al. (2018), 

conferring, chemical composition, 

crystalline size, morphology, and cation 

distribution over A and B sites can all be 

altered to alter the magnetic and electrical 

properties. Additionally, high surface-to-

volume ratios and finite size effects cause 

numerous atoms to congregate at the 

surface of magnetic nanoparticles, which 

results in several intriguing and superior 

properties compared to bulk materials 

(Margabandhu et al., 2016). 

According to Nikumbh et al. (2014), 

Spinel ferrites have attracted much 

attention due to their prospective 

applications in magnetic bulk cores, low-

temperature high-density ferrites, 

suspension materials in ferromagnetic 

fluids, and catalysis. Ferrites are widely 

employed in the electronics sector 

(Nikumbh et al., 2014), magnetic freezers, 

microwave devices, color imaging, and 

high-density recording devices (Ding et 

al., 2016),  among other applications.   

As a result, according to Hieda et al. 

(2018), the general formula of the spinel 

ferrites is (A)[B]2O4, with eight formula 

units contained in each spinel unit cell. 

The larger oxygen anions pack densely 

into a face-centered cubic structure, while 

the smaller metal cations fill the 

tetrahedral (A) and octahedral (B) 

interstitial spaces. 

Several variables, including the 

preparation process, chemical makeup, 

and sintering temperature, affect how 

cations are distributed in the crystal 

lattice. The characteristics of ferrites are 

altered by changing the placement of 

cations and anions at tetrahedral and 

octahedral sites, respectively. The 

difference between the magnetization of 

these two (A) and (B) sublattices is what 

makes up hard (CoFe2O4's) and soft 

(NiFe2O4's) ferrites net magnetization 

(Ortiz-Quiñonez et al., 2018).  

According to several studies, both nickel 

and cobalt ferrite nanoparticles crystallize 

in the inverse spinel structure, represented 

by (Ni2+) [Fe2
3+ ]O4

2– and (Co2+) 

[Fe2
3+]O4

2– are Fe3+, Ni2+, and Co2+ ions 

shared the sites of octahedral (A-site). In 

contrast, Fe3+ ions occupied the 

tetrahedral (B-site) respectively (Stein et 

al., 2018).  

As a result of the Ni2+ ions present in the 

nickel substitution cobalt ferrites, they 

exhibit low crystallographic anisotropy, 

increased resistivity, and higher saturation 

magnetization, which is supported by 

(Melo et al., 2018).  

Recent studies show that nickel 

nanoferrites are widely used in different 

devices such as magnetic data storage, 

biological sectors, electronic systems 

radar, and microwave; because nickel 

nanoferrites have unique properties, such 

as high electrical resistance and high 

permeability at high frequencies (Kiani et 

al., 2023). Nickel ferrite, a cubic 

ferromagnetic oxide, can have this 

remarkable feature because it can display 

surface disorderliness. 

Numerous investigations have been 

sieved on integrating soft and hard 

magnetic materials to generate unique and 

affordable multifunctional nanoparticle 

materials. However, reasonable control is 

needed on both the percentage between 

the soft (for example, nickel) and hard 

magnetic compounds (for example, cobalt 

ferrite nanoparticles) magnetic 

nanoparticle size in the produced material 

to customize its variety of ferrite 

nanoparticle properties for various 

applications (Maaz et al., 2009). 

1.2 Synthesis techniques  

Synthesis plays a significant role in 

determining materials' fundamental 

properties and characterization. Extreme 

changes in the physical and chemical 

characteristics were seen whenever the 

bulk ferrite particles changed into 

nanoparticles.  

The synthesis process significantly 

influences numerous characteristics, 

including particle size, anion and cation 

distribution, texture, and electrical, 

magnetic, and optical properties. To tune 

ferrite's various features for particular 

purposes, scientists have recently 

developed a method for creating ferrite by 

regulating its size, shape, and chemical 

composition (Vinod et al., 2021). Spinel 
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ferrites have been made using many 

different methods, such as high-

temperature self-propagating and 

combustion, hydrothermal, micro-

emulsion, solvothermal, solid-state 

reactions, sol-gel, and co-precipitation 

(Agrawal et al., 2016; Abdullah et al., 

2022; Khan et al., 2021).  

1.2.1 Sol-gel 

Sol-gel is a simple, accessible, low-

temperature preparation method that 

enables precise chemical and 

microstructural control, according to 

Shanmugavel et al. (2014). This expert 

claims that a lot of homogenous mono and 

multicomponent oxides, high-purity oxide 

powders, and films, including substances 

like spinel, have been made using this 

technique. This method has several 

advantages, such as a low-temperature 

synthesis procedure, the ability to 

synthesize various materials, a vacuum-

free environment, monodisperse particles, 

and predetermined stoichiometric 

compounds (Joshi et al., 2018).  

The sol-gel approach is more effective for 

the mass production of ferrite NPs in the 

necessary sizes and shapes. According to 

Sutka and Mezinskis (2012) and Islam et 

al. (2022), this process is relatively easy, 

quick, and economical and provides good 

chemical uniformity with little external 

energy use. Changing the annealing 

temperature and synthesis conditions 

makes it possible to modify the produced 

ferrites' size, surface area, and 

morphology (Sharma et al., 2019). 

1.2.2 Hydrothermal 

This technique is also called solvothermal 

synthesis. Hydrothermal procedures are 

efficient and effective for creating 

magnetic nanoparticles, according to 

research by K. et al. (2020). Ch et al., 

2019). The crystallite size and 

morphology depend on the sintering 

temperature, so they can be easily 

controlled using hydrothermal and all 

other techniques. 

Hydrothermal is a well-known solution 

reaction-based method for producing 

MNPs at high pressure and temperature. 

MNPs are created via the hydrothermal 

process of oxidation and hydrolysis. By 

employing the stated procedure, uniform-

sized particles of various magnetic 

nanomaterials can be produced. This 

approach makes them with high 

crystallinity, a stable composition, and 

nanoparticles of desirable shape and size 

(Ali et al., 2021). 

1.2.3 Co-precipitation 

According to Vashist (2013), co-

precipitation is the technique most 

frequently employed to create MNPs with 

regulated size and magnetic 

characteristics. It is commonly employed 

in biomedical applications and involves 

using less harmful materials and methods. 

This method typically produces NPs with 

desirable magnetic characteristics and 

tunable sizes. MNPs are created by 

dissolving various metal ions in a solvent 

(Ali et al., 2021). 

Co-precipitation is a straightforward and 

low-cost technique for adjusting the 

nucleation and growth rates during 

synthesis to regulate size and ion 

distribution. The particles are commonly 

coated with a surfactant, such as oleic 

acid, and then dispersed in a liquid, like 

ethanol, methanol, or ammonia, to prevent 

oxidation and agglomeration. In some 

experiments, the precipitating agent is 

promptly added to the salt solution, and 

the reaction is aggressively agitated 

throughout  (Maaz et al., 2007).  

Co-precipitation is easy to accomplish 

and requires no special equipment. This 

technique is used to create core-shell 

nanoparticles, and the only way it differs 

from co-precipitation is in how long it 

takes to add the shell before dialyzing the 

particles (Houshiar, 2014).  

2 NCFNPs characteristic and Electro-

magnetic applications 

Based on their sensitivity to the magnetic 

field, ferromagnetic materials are 

classified as either "soft" or "hard" 

magnetic. Soft magnetic materials have 

low coercivity (Hc) and demagnetize in 

weak magnetic fields. As a result of their 

ease of magnetization, soft magnetic 

materials, on the other hand, have a higher 

permeability than hard magnetic 

materials. As a result, a ferromagnetic 

material needs to have low magneto-

crystalline isotropy for the magnetic 

domains to move around quickly (Gubin, 

n.d.; Houshiar et al., 2014).  
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Investigation and sieving of 

nanoparticles, particularly the 

combination of hard and soft magnetic 

materials, is one of the most prominent 

research areas at the moment due to their 

numerous applications in data recording, 

drug delivery, electric, biological, and 

magnetic materials (Maaz et al., 2009), 

(Sabbar et al., 2023).  

Researchers have put much effort into 

creating various nickel-substituted cobalt 

ferrite nanoparticles. For instance, Chitra 

et al. (2014) attempted to build a 

Ni0.4Co0.6Fe2 O4  nanocomposite using in 

situ chemical polymerization while 

ultrasonically processing ferrite 

nanoparticles produced through a urea-

assisted solution combustion process.  

In addition, Maaz et al. (2012) also 

attempted to produce Co0.5Ni0.5Fe2O4 

nanoparticles via co-precipitation; instead 

of a single homogenous phase, they 

obtained a combination of Ni- and Co-

ferrite. Individual ferrite phases are 

unquestionably present in the sample 

based on magnetic hysteresis loops 

exhibiting beehive-like behavior. 

By adjusting the nickel doping 

percentage, nickel-doped cobalt ferrite 

nanoparticles can customize their 

magnetic properties. Dippong et al. 

(2019) found that as the nickel 

concentration in the mixed Ni-Co ferrites 

went up, the activation energy of each 

ferrite ( NiFe2O4  Ni0.3Co0.7Fe2O4, 
Ni0.7Co0.3Fe2O4 and CoFe2O4 ) 

embedded in silica went down from 

13.530 to 1.944 kJ mol-1. This study used 

FT-IR spectroscopy to determine how 

succinate precursors were made and 

broken down and how silica matrix 

formed. The XRD shows that CoFe2O4 

and NiFe2O4  can be made in a single 

phase. It also shows that the size of the 

nanocrystallites decreases from 31.7 nm 

for cobalt ferrite to 18.5 nm for nickel 

ferrite. Moreover, mixed Co-Ni ferrites 

had optical band gaps substantially more 

extensive than the corresponding 

CoFe2O4. 

Nickel-doped cobalt ferrite nanoparticles 

having the general formula 

Ni𝑥Co1−𝑥Fe2O4  (x = 0.0, 0.3, 0.5, 0.7, 

and 1.0) synthesized by Desoky et al. 

(2022) using the co-precipitation method. 

When Ni2+ ions were used instead of 

Co2+ ions, the lattice parameter, porosity, 

and hopping lengths in tetrahedral and 

octahedral sites shrank. Additionally, this 

study found that the ions Co2+ and Ni2+ 

significantly occupy the octahedral B-site. 

However, they occupy tetrahedral and 

octahedral positions at greater Ni2+ ion 

concentrations. According to this finding, 

high-resolution transmission electron 

microscopy reveals that sintered powders 

are nearly spherical, polyhedron-shaped, 

and have a diameter of approximately 39–

45 nm, and saturation magnetization, 

magnetic anisotropy, coercivity, and 

remanence decrease with an increase in 

Ni2+.  

The findings indicate that the material is 

ideal for photodegradation and dye 

removal catalysis, which could be 

recommended for future uses for these 

intriguing samples (Desoky et al., 2022). 

As a result, Ni-doped cobalt ferrites may 

be promising candidates for a wide range 

of magnetic applications. 

According to the findings of (Kumar et al., 

2019), the Co1−xNixFe2O4  (x = 0.02, 

0.04, and 0.06) is synthesized by the sol-

gel auto-combustion process, and its 

structural, functional, magnetic, and 

morphological properties are analyzed. 

When the nickel concentration increases 

from 0.02 to 0.06, the average crystallite 

size drops from 31 to 27 nm, indicating 

the inclusion of Ni2+ ions in the cobalt 

ferrite lattice. Raman spectroscopy 

reveals spinel ferrites' distinctive 

stretching vibrations at 486.87 cm-1 and 

696.96 cm-1, which are the characteristic 

vibrations of spinel ferrites. 

 

 

Aside from structural studies, magnetic 

property studies show that the saturation 

magnetization (MS = 20.25, 9.41, and 

18.5 emu/g) and coercivity (HC = 746.06, 

953.03, and 885.59 Oe) change as the 

concentration of Ni2+ ions goes from 0.02 

to 0.04 to 0.06 respectively Kumar et al. 

(2019). The magnetic nature of the 

compound indicates that the 

ferromagnetism of the nanoparticles is 

due to the formation of an antiparallel spin 

and the magnetic moment created by the 

cation at tetrahedral and octahedral sites. 
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 The optical bandgap (Eg) values 

decreased with the Ni2+ ion concentration 

(x), from 2.94 eV for x = 0 to 2.51 eV for 

x = 1, as demonstrated by the 

hydrothermal synthesis of nickel-doped 

cobalt ferrite Co1-x NixFe2O4 (0:1) 

nanoparticles (Melo et al., 2018).  

The magnetic characteristics are 

influenced by the presence of nickel in the 

cobalt ferrite structure. For example 

(Melo et al., 2018), as expressed by 

substituting nickel on cobalt ferrite 

nanoparticles between x = 0:1, the 

saturation magnetization and remanent 

magnetization fell from 369 to 256 emu 

cm-3 and 131 to 45 emu cm-3, respectively. 

However, the coercivity (Hc) increased 

from 890 Oe to 1590 Oe for x = 0 and x = 

0.6 and decreased dramatically to 50 Oe 

for x = 1. The study highlighted the higher 

coercivity regarding particle size, flaws, 

and residual strain, which may operate as 

pinning centers. 

Ridha and Khader (2021) used a sol-gel 

auto-combustion procedure to create 

nickel-doped cobalt ferrites nanoparticles 

of Co1-xNixFe2O4 (x = 0, 0.5, and 1) at a 

low temperature (200oC). For balancing 

the oxidizing agent to reducer ratio, citric 

acid was used as a chelating agent with a 

solution of nickel nitrate and ferric nitrate 

in a 3:1 ratio. The computed crystallite 

size from the full width at half maximum 

of the brightest peak (311) is in the 27- 44 

nm range. While the crystallite size of 

Co0.5Ni0.5Fe2O4 NPs is more significant 

than that of NiFe2O4, it is smaller than that 

of CoFe2O4 NPs. 

Also, this work shows that SEM pictures 

of NPs show that they are spherical and 

have a uniform shape, with particle sizes 

ranging from 25 to 47 nm. The 

distribution of the grains for cobalt ferrite 

is better than that of nickel and Co-Ni 

ferrites, and the samples' average grain 

size is greater than the crystallite size 

estimated using XRD measurements 

(Ridha and Khader, 2021). 

Hieda et al. (2018) looked at 

Ni0.9Co0.1Fe2O4  nickel replacement 

cobalt ferrites because they are good 

candidates for magneto-mechanical 

sensors and electro-magnetic wave 

absorbers. Before forming, it was 

discovered that sifting the calcined 

powder enhanced the ceramic's flexural 

strength. Additionally, the discovery 

reveals that the actual magnetic 

permeability of the complex fluctuated 

between 2.2 and 2.3 at frequencies 

between 100 MHz and 1 GHz. 

Nickel ferrites with cobalt doping were 

also investigated as a potential 

advancement and replacement for the 

recording medium. As a result, Ati et al. 

(2014) researched Ni1-xCoxFe2O4 

produced using the co-precipitation 

method (0.0, 0.2, and 1.0). The XRD 

spectra of this investigation revealed the 

single-phase spinel structure, and it is 

assumed that the average size of the 

nanoparticles is 16–19 nm. These small 

enough sizes enable a high signal-to-noise 

ratio in the high-density recording 

medium. The lattice parameter and 

coercivity expand monotonically when 

Co concentrations increase because of the 

cobalt ion's larger ionic radius, as in the 

studies of Ati and his colleagues. 

CoxNi1-x Fe2O4 (x = 0.2, 0.4, 0.6, 0.8) 

nanoparticles with cobalt added were 

made using a low-temperature 

hydrothermal process. Their structure and 

physical properties were studied. 

Consequently, X-ray diffraction estimates 

that the size of the structural crystallites is 

18.9 to 24.09 nm (Khan et al., 2021). 

Studies of the samples using XRD and 

other methods show that the lattice 

parameters of Co0.5Ni0.5Fe2O4 NPs are 

more significant than those of NiFe2O4 but 

smaller than those of CoFe2O4 NPs.The 

NPs' high coercivity (Hc, 875 Oe) shows 

that they behave in a harsh ferromagnetic 

way. Thus, the VSM confirmed that the 

saturation magnetization (Ms) of 

Co0.5Ni0.5Fe2O4 NPs is between the 

saturation magnetization values of 

CoFe2O4 NPs and NiFe2O4 NPs. 

According to Ortiz-Quiñonez et al. 

(2018), the catalytic behavior of the 

synthetic spinel nanoparticles showed that 

samples containing metallic Ni are 

effective catalysts for the aqueous 

medium-based degradation of 4-

nitrophenol. 

3 NCFNPs Application for 

Antibacterial  

Due to the fast growth of nanoscience and 
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technology, much work has been done in 

recent years to make adaptable 

nanomaterials that can be used as new 

antibacterial agents against a wide range 

of bacterial pathogens (Miller et al., 

2015). Li et al. (2019) found that bacteria 

are less likely to become resistant to 

nanomaterials than traditional antibiotics. 

Because nanomaterials have a high 

membrane permeability and are 

biocompatible, and have the potential to 

do many different antibacterial activities. 

According to  Sharma et al. (2019), even 

in the post-antibiotic era, the fact that 

many harmful bacteria are resistant to 

common antibiotics is cause for concern. 

Gram-positive and Gram-negative 

bacterial strains harm human and animal 

life, prompting the development of a new 

alternative technique. The field of 

nanotechnology is ideal for tackling a 

variety of environmental issues. 

Spinel ferrite NPs, a type of magnetic 

nanoparticle, have recently attracted 

much attention from the academic 

community for their potential to restore 

antibacterial activity. Spinel ferrite NPs, a 

type of magnetic nanoparticle, have 

recently attracted much attention from the 

academic community for their potential to 

restore antibacterial activity. According to 

Bose and Banerjee (2015), the transition-

metal-substituted cobalt ferrite NPs 

exhibit the best contact biocidal properties 

out of all the NPs. Cobalt ferrite NPs 

exhibit the highest biocompatibility of 

these metal ferrite NPs, and their 

antibacterial activity makes them a 

suitable option for antibacterial uses in 

industrial, food, and medical areas. Nickel 

ferrite nanoparticles are an excellent way 

to clean up polluted water because they 

have potent properties that stop microbes 

from growing. They exhibit outstanding 

antibacterial capabilities against S. aureus 

and Pseudomonas aeruginosa (Iqbal et al., 

2019). 

Alternative antimicrobials are gaining 

popularity due to rapidly rising bacterial 

resistance to conventional medications. In 

this regard, there is a lot of interest in 

creating innovative, multifunctional 

materials with antimicrobial properties 

that can be used to develop drug-delivery 

systems that minimize the concentration 

of antibiotics. Dangerous microorganisms 

react more strongly to ferrite 

nanoparticles because of their nanoscale 

particle size and high surface-to-volume 

ratio. Because of their high surface area, 

small crystallite size, and porosity, NPs 

have a much higher efficiency even at low 

(20 ppm) concentrations (Ashour et al., 

2018). The main drawbacks of employing 

these materials are that changes in their 

size, shape, and crystallinity are easily 

capable of causing variations in their 

antibacterial properties (Webster and Seil, 

2012). 

Metals and metal oxides are used in 

medicine in the age of nanoparticles when 

antibiotic-resistant microbes constitute a 

significant health risk. Sharma et al. 

(2019) demonstrated that cobalt ferrite 

nanoparticles showed promise in vitro 

antibacterial activity against gram-

positive and gram-negative bacteria (15 

mm).  

Sabbar et al. (2023) used the co-

precipitation method to make Cox-

1NixFe2O4 nanoparticles (NPs). XRD 

found the cubic spinel phase, and the size 

of the crystals ranged from 19.5 to 24.2 

nm. It has been found that Cox-1NixFe2O4 

nanoparticles release ions into the 

environment. These ions bond with the 

protein group (-SH) on bacterial cells, 

which causes the cell membrane to break 

and the cell to die. 

Naik et al. (2019) made nickel-doped 

cobalt ferrite nanoparticles from the plant 

extract of Andrographis paniculate with 

the help of microwaves. In the FTIR 

spectrum, ferrites' two prominent 

absorption peaks are 584 and 393 cm -1, 

respectively. The cubic lattice structure of 

ferrites is visible in XRD, and when nickel 

dopant concentration increases, the lattice 

parameter drops. 

According to some findings, the potential 

use of these NPs in wastewater treatment 

and food-packing industries is pretty 

promising. As (Naik et al., 2019) findings 

show, Ni-doped CoFe2O4 nanoparticles 

have enhanced antibacterial activity 

against food-borne infections in the food 

packaging sector. Hence, compared to 

pure CoFe2O4 nanoparticles, the 

antibacterial activity increased by Ni 

doping.  
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This time is urgently needed for the 

development of novel materials for 

biomedical purposes. In the current study, 

Gram-negative and Gram-positive 

bacteria, which are prevalent pathogens, 

are used to evaluate the antibacterial 

characteristics of Co0.5Ni0.25Mg0.25 Fe2O4 

NPs, were very effective against both P. 

aeruginosa and S. aureus, with 6 mm and 

6.5 mm inhibition zones, respectively. 

The results suggest that nanoparticle 

bacteriostatic properties could be used in 

many ways, such as in hyperthermia, 

antibacterial treatments, and the delivery 

of drugs to specific areas (Kiani et al., 

2023). 

 

 

 

 

 

 

 

 

Reference 

Abdullah, M., Hasany, S., Amir Qureshi, 

M., Hussain, S., 2022. Cost-

Effective Synthesis of Cobalt 

Ferrite Nanoparticles by Sol-Gel 

Technique. Mater. Sci. Forum 

1067, 213–219. 

https://doi.org/10.4028/p-jdlq11 

Agrawal, S., Parveen, A., Azam, A., 

2016. Structural, electrical, and 

optomagnetic tweaking of Zn 

doped CoFe2−Zn O4− 

nanoparticles. J. Magn. Magn. 

Mater. 414, 144–152. 

https://doi.org/10.1016/j.jmmm.2

016.04.059 

Ahamed, M., Alhadlaq, H., 2014. Nickel 

nanoparticle-induced dose-

dependent cyto-genotoxicity in 

human breast carcinoma MCF-7 

cells. OncoTargets Ther. 269. 

https://doi.org/10.2147/OTT.S580

44 

Ali, A., Shah, T., Ullah, R., Zhou, P., 

Guo, M., Ovais, M., Tan, Z., Rui, 

Y., 2021. Review on Recent 

Progress in Magnetic 

Nanoparticles: Synthesis, 

Characterization, and Diverse 

Applications. Front. Chem. 9, 

629054. 

https://doi.org/10.3389/fchem.202

1.629054 

Andhare, D.D., Patade, S.R., Kounsalye, 

J.S., Jadhav, KM, 2020. Effect of 

Zn doping on structural, magnetic 

and optical properties of cobalt 

ferrite nanoparticles synthesized 

via. Co-precipitation method. 

Phys. B Condens. Matter 583, 

412051. 

https://doi.org/10.1016/j.physb.20

20.412051 

Ashour, A.H., El-Batal, A.I., Maksoud, 

MIAA, El-Sayyad, G.S., Labib, 

Sh., Abdeltwab, E., El-Okr, 

M.M., 2018. Antimicrobial 

activity of metal-substituted 

cobalt ferrite nanoparticles 

synthesized by sol–gel technique. 

Particuology 40, 141–151. 

https://doi.org/10.1016/j.partic.20

17.12.001 

Ati, M.A., Khudhair, H., Dabagh, S., 

Rosnan, R.M., Ati, A.A., 2014. 

Synthesis and Characterization of 

Cobalt doped Nickel - Ferrites 

Nanocrystalline by Co-

precipitation Method 5. 

Bose, S., Banerjee, M., 2015. Magnetic 

particle capture for biomagnetic 

fluid flow in stenosed aortic 

bifurcation considering particle–

fluid coupling. J. Magn. Magn. 

Mater. 385, 32–46. 

https://doi.org/10.1016/j.jmmm.2

015.02.060 

Cadar, O., Dippong, T., Senila, M., 

Levei, E.-A., 2020. Progress, 

Challenges and Opportunities in 

Divalent Transition Metal-Doped 

Cobalt Ferrites Nanoparticles 

Applications, in: Tasaltin, N., 

Sunday Nnamchi, P., Saud, S. 

(Eds.), Advanced Functional 

Materials. IntechOpen. 

https://doi.org/10.5772/intechope

n.93298 

Ch, V., Chandra Babu Naidu, K., C, C.S., 

Dachepalli, R., 2019. Magnetic 

and antimicrobial properties of 

cobalt‐zinc ferrite nanoparticles 

synthesized by citrate‐gel 

method. Int. J. Appl. Ceram. 

Technol. 16, 1944–1953. 

https://doi.org/10.1111/ijac.13276 



25 
 

Chitra, P., Muthusamy, A., Jayaprakash, 

R., Ranjith Kumar, E., 2014. 

Effect of ultrasonication on 

particle size and magnetic 

properties of polyaniline 

NiCoFe2O4 nanocomposites. J. 

Magn. Magn. Mater. 366, 55–63. 

https://doi.org/10.1016/j.jmmm.2

014.04.024 

Desoky, W.M., Gutierrez, J., El-Bana, 

M.S., Elmoslami, T.A., 2022. 

Exploring the impact of nickel 

doping on the structure and low-

temperature magnetic features of 

cobalt nano-spinel ferrite. Appl. 

Phys. A 128, 846. 

https://doi.org/10.1007/s00339-

022-05977-0 

Di Bucchianico, S., Gliga, A.R., 

Åkerlund, E., Skoglund, S., 

Wallinder, I.O., Fadeel, B., 

Karlsson, H.L., 2018. Calcium-

dependent cyto- and genotoxicity 

of nickel metal and nickel oxide 

nanoparticles in human lung cells. 

Part. Fibre Toxicol. 15, 32. 

https://doi.org/10.1186/s12989-

018-0268-y 

Di Sia, P., 2017. Nanotechnology Among 

Innovation, Health and Risks. 

Procedia - Soc. Behav. Sci. 237, 

1076–1080. 

https://doi.org/10.1016/j.sbspro.2

017.02.158 

Ding, L.L., Xue, L.C., Li, Z.Z., Li, S.Q., 

Tang, G.D., Qi, W.H., Wu, L.Q., 

Ge, X.S., 2016. Study of cation 

distributions in spinel ferrites M  x  

Mn  1- x  Fe 2 O 4 ( M =Zn, Mg, 

Al). AIP Adv. 6, 105012. 

https://doi.org/10.1063/1.4966253 

Dippong, T., Levei, E.A., Cadar, O., 

2021. Formation, Structure and 

Magnetic Properties of 

MFe2O4@SiO2 (M = Co, Mn, 

Zn, Ni, Cu) Nanocomposites. 

Materials 14, 1139. 

https://doi.org/10.3390/ma140511

39 

Dippong, T., Levei, E.A., Cadar, O., 

Goga, F., Toloman, D., Borodi, 

G., 2019. Thermal behavior of Ni, 

Co and Fe succinates embedded 

in silica matrix. J. Therm. Anal. 

Calorim. 136, 1587–1596. 

https://doi.org/10.1007/s10973-

019-08117-8 

Dou, R., Cheng, H., Ma, J., Komarneni, 

S., 2020. Manganese doped 

magnetic cobalt ferrite 

nanoparticles for dye degradation 

via a novel heterogeneous 

chemical catalysis. Mater. Chem. 

Phys. 240, 122181. 

https://doi.org/10.1016/j.matchem

phys.2019.122181 

Gubin, ESP, n.d. Magnetic 

Nanoparticles. 

Hante, N.K., Medina, C., Santos-

Martinez, M.J., 2019. Effect on 

Platelet Function of Metal-Based 

Nanoparticles Developed for 

Medical Applications. Front. 

Cardiovasc. Med. 6, 139. 

https://doi.org/10.3389/fcvm.201

9.00139 

Hieda, M.S., Machado, J.P.B., Silva 

Júnior, E.D.O., Dias, M.B.D.S., 

Nunes, C.B., Lima, R.G.A.D., 

Migliano, A.C.D.C., Brito, 

V.L.O.D., 2018. Mechanical, 

Magnetic, and Microstructural 

Characterization of 

Ni0.9Co0.1Fe2O4 Produced by 

the Ceramic Method. Mater. Res. 

21. https://doi.org/10.1590/1980-

5373-mr-2017-0694 

Houshiar, M., 2014. Synthesis of cobalt 

ferrite (CoFe2O4) nanoparticles 

using combustion, co-

precipitation, and precipitation 

methods_ A comparison study of 

size, structural, and magnetic 

properties. J. Magn. Magn. Mater. 

Houshiar, M., Zebhi, F., Razi, Z.J., 

Alidoust, A., Askari, Z., 2014. 

Synthesis of cobalt ferrite 

(CoFe2O4) nanoparticles using 

combustion, co-precipitation, and 

precipitation methods: A 

comparison study of size, 

structural, and magnetic 

properties. J. Magn. Magn. Mater. 

371, 43–48. 

https://doi.org/10.1016/j.jmmm.2

014.06.059 

Iqbal, S., Fakhar-e-Alam, M., Atif, M., 

Amin, N., Alimgeer, K.S., Ali, 

A., Aqrab-ul-Ahmad, Hanif, A., 

Aslam Farooq, W., 2019. 



26 
 

Structural, morphological, 

antimicrobial, and in vitro 

photodynamic therapeutic 

assessments of novel Zn+2-

substituted cobalt ferrite 

nanoparticles. Results Phys. 15, 

102529. 

https://doi.org/10.1016/j.rinp.201

9.102529 

Islam, M., Khan, M.K.R., Kumar, A., 

Rahman, M.M., Abdullah-Al-

Mamun, Md., Rashid, R., Haque, 

Md.M., Sarker, Md.S.I., 2022. 

Sol–Gel Route for the Synthesis 

of CoFe  2– x  Er  x  O 4 

Nanocrystalline Ferrites and the 

Investigation of Structural and 

Magnetic Properties for Magnetic 

Device Applications. ACS 

Omega 7, 20731–20740. 

https://doi.org/10.1021/acsomega.

2c00982 

Joshi, Z., Dhruv, D., Rathod, K.N., 

Gadani, K., Joshi, A.D., Solanki, 

P.S., Shah, N.A., 2018. 

Magnetoelectric Properties of 

Nanostructured YMnO 3 

Prepared by Sol–Gel Technique. 

Mater. Today Proc. 5, 9922–

9926. 

https://doi.org/10.1016/j.matpr.20

17.10.188 

K., CBN, S., P., W., M., 2020. Effect of 

Microwave Heat Treatment on 

Hydrothermal Synthesis of Nano-

MgFe2O4. J. Supercond. Nov. 

Magn. 33, 417–425. 

https://doi.org/10.1007/s10948-

019-05194-6 

Khan, T.F., Naresh, U., Ramprasad, T., 

Kumar, R.J., 2021. Structural, 

Morphological, and Magnetic 

Properties of Cobalt-Doped 

Nickel Ferrite Nanoparticles. J. 

Supercond. Nov. Magn. 34, 797–

803. 

https://doi.org/10.1007/s10948-

020-05788-5 

Kiani, MN, Butt, M.S., Gul, I.H., 

Saleem, M., Irfan, M., Baluch, 

A.H., Akram, M.A., Raza, M.A., 

2023. Synthesis and 

Characterization of Cobalt-Doped 

Ferrites for Biomedical 

Applications. ACS Omega 8, 

3755–3761. 

https://doi.org/10.1021/acsomega.

2c05226 

Kumar, G.S., Raguram, T., Rajni, K.S., 

2019. Synthesis and 

Characterization of Nickel-

Substituted Cobalt Ferrite 

Nanoparticles Using Sol–Gel 

Auto-combustion Method. J. 

Supercond. Nov. Magn. 32, 

1715–1723. 

https://doi.org/10.1007/s10948-

018-4867-5 

Li, Y., Liu, X., Tan, L., Cui, Z., Jing, D., 

Yang, X., Liang, Y., Li, Z., Zhu, 

S., Zheng, Y., Yeung, K.W.K., 

Zheng, D., Wang, X., Wu, S., 

2019. Eradicating Multidrug‐

Resistant Bacteria Rapidly Using 

a Multi Functional g‐C 3 N 4 @ Bi 

2 S 3 Nanorod Heterojunction 

with or without Antibiotics. Adv. 

Funct. Mater. 29, 1900946. 

https://doi.org/10.1002/adfm.201

900946 

Maaz, K., Karim, S., Lee, K.J., Jung, M.-

H., Kim, G.-H., 2012. Effect of 

temperature on the magnetic 

characteristics of 

Ni0.5Co0.5Fe2O4 nanoparticles. 

Mater. Chem. Phys. 133, 1006–

1010. 

https://doi.org/10.1016/j.matchem

phys.2012.02.007 

Maaz, K., Karim, S., Mumtaz, A., 

Hasanain, S.K., Liu, J., Duan, 

J.L., 2009. Synthesis and 

magnetic characterization of 

nickel ferrite nanoparticles 

prepared by co-precipitation 

route. J. Magn. Magn. Mater. 

321, 1838–1842. 

https://doi.org/10.1016/j.jmmm.2

008.11.098 

Maaz, K., Mumtaz, A., Hasanain, S.K., 

Ceylan, A., 2007. Synthesis and 

magnetic properties of cobalt 

ferrite (CoFe2O4) nanoparticles 

prepared by wet chemical route. 

J. Magn. Magn. Mater. 308, 289–

295. 

https://doi.org/10.1016/j.jmmm.2

006.06.003 

Margabandhu, M., Sendhilnathan, S., 

Senthilkumar, S., Gajalakshmi, 



27 
 

D., Anna University Chennai,  

India, Anna University Chennai,  

India, Anna University Chennai,  

India, Anna University Chennai,  

India, 2016. Investigation of 

Structural, Morphological, 

Magnetic Properties and 

Biomedical applications of Cu2+ 

Substituted Uncoated Cobalt 

Ferrite Nanoparticles. Braz. Arch. 

Biol. Technol. 59. 

https://doi.org/10.1590/1678-

4324-2016161046 

Melo, R.S., Banerjee, P., Franco, A., 

2018. Hydrothermal synthesis of 

nickel doped cobalt ferrite 

nanoparticles: optical and 

magnetic properties. J. Mater. 

Sci. Mater. Electron. 29, 14657–

14667. 

https://doi.org/10.1007/s10854-

018-9602-2 

Miller, K.P., Wang, L., Benicewicz, 

B.C., Decho, A.W., 2015. 

Inorganic nanoparticles 

engineered to attack bacteria. 

Chem. Soc. Rev. 44, 7787–7807. 

https://doi.org/10.1039/C5CS000

41F 

Morais, D.O., Pancotti, A., De Souza, 

G.S., Saivish, M.V., Braoios, A., 

Moreli, M.L., Souza, M.V.D.B., 

Da Costa, V.G., Wang, J., 2021. 

Synthesis, characterization, and 

evaluation of antibacterial activity 

of transition metal oxyde 

nanoparticles. J. Mater. Sci. 

Mater. Med. 32, 101. 

https://doi.org/10.1007/s10856-

021-06578-8 

Naik, M.M., Naik, H.S.B., Kottam, N., 

Vinuth, M., Nagaraju, G., 

Prabhakara, M.C., 2019. 

Multifunctional properties of 

microwave-assisted 

bioengineered nickel doped 

cobalt ferrite nanoparticles. J. 

Sol-Gel Sci. Technol. 91, 578–

595. 

https://doi.org/10.1007/s10971-

019-05048-6 

Nigam, A., Pawar, S.J., 2020. Structural, 

magnetic, and antimicrobial 

properties of zinc doped 

magnesium ferrite for drug 

delivery applications. Ceram. Int. 

46, 4058–4064. 

https://doi.org/10.1016/j.ceramint

.2019.10.243 

Nikumbh, A.K., Pawar, R.A., Nighot, 

D.V., Gugale, G.S., Sangale, 

M.D., Khanvilkar, M.B., 

Nagawade, A.V., 2014. 

Structural, electrical, magnetic 

and dielectric properties of rare-

earth substituted cobalt ferrites 

nanoparticles synthesized by the 

co-precipitation method. J. Magn. 

Magn. Mater. 355, 201–209. 

https://doi.org/10.1016/j.jmmm.2

013.11.052 

Ortiz-Quiñonez, J.-L., Pal, U., 

Villanueva, M.S., 2018. 

Structural, Magnetic, and 

Catalytic Evaluation of Spinel 

Co, Ni, and Co–Ni Ferrite 

Nanoparticles Fabricated by Low-

Temperature Solution 

Combustion Process. ACS 

Omega 3, 14986–15001. 

https://doi.org/10.1021/acsomega.

8b02229 

Purohit, R., Mittal, A., Dalela, S., 

Warudkar, V., Purohit, K., 

Purohit, S., 2017. Social, 

Environmental and Ethical 

Impacts of Nanotechnology. 

Mater. Today Proc. 4, 5461–

5467. 

https://doi.org/10.1016/j.matpr.20

17.05.058 

Ridha, S.M.A., Khader, H.A., 2021. 

XRD and SEM characteristics of 

Co-Ni ferrite nanoparticles 

Synthesized using sol-gel 

method. 

Sabbar, M.H., Mubarak, T.H., Ahmad, 

N.S., 2023. Synthesis and 

Characterizations of Nano 

Magnetic Particles (Co- Ni 

Fe2O4) Ferrite by Co-

precipitation and Biomedical 

Application 16. 

Safi, R., Ghasemi, A., Shoja-Razavi, R., 

Tavousi, M., 2015. The role of 

pH on the particle size and 

magnetic consequence of cobalt 

ferrite. J. Magn. Magn. Mater. 

396, 288–294. 



28 
 

https://doi.org/10.1016/j.jmmm.2

015.08.022 

Shanmugavel, T., Raj, S.G., Rajarajan, 

G., Kumar, G.R., 2014. Tailoring 

the Structural and Magnetic 

Properties and of Nickel Ferrite 

by Auto Combustion Method. 

Procedia Mater. Sci. 6, 1725–

1730. 

https://doi.org/10.1016/j.mspro.2

014.07.158 

Sharma, R.P., Raut, S.D., Mulani, R.M., 

Kadam, A.S., Mane, R.S., 2019. 

Sol–gel auto-combustion 

mediated cobalt ferrite 

nanoparticles: a potential material 

for antimicrobial applications. Int. 

Nano Lett. 9, 141–147. 

https://doi.org/10.1007/s40089-

019-0268-4 

Singer, A., Markoutsa, E., Limayem, A., 

Mohapatra, S., Mohapatra, S.S., 

2018. Nanobiotechnology 

medical applications: 

Overcoming challenges through 

innovation. EuroBiotech J. 2, 

146–160. 

https://doi.org/10.2478/ebtj-2018-

0019 

Slimani, Y., Almessiere, M.A., Guner, 

S., Aktas, B., Shirsath, S.E., 

Silibin, M.V., Trukhanov, A.V., 

Baykal, A., 2022. Impact of Sm 3+ 

and Er 3+ Cations on the 

Structural, Optical, and Magnetic 

Traits of Spinel Cobalt Ferrite 

Nanoparticles: Comparison 

Investigation. ACS Omega 7, 

6292–6301. 

https://doi.org/10.1021/acsomega.

1c06898 

Stein, C.R., Bezerra, M.T.S., Holanda, 

G.H.A., André-Filho, J., Morais, 

P.C., 2018. Structural and 

magnetic properties of cobalt 

ferrite nanoparticles synthesized 

by co-precipitation at increasing 

temperatures. AIP Adv. 8, 

056303. 

https://doi.org/10.1063/1.5006321 

Sutka, A., Mezinskis, G., 2012. Sol-gel 

auto-combustion synthesis of 

spinel-type ferrite nanomaterials. 

Front. Mater. Sci. 6, 128–141. 

https://doi.org/10.1007/s11706-

012-0167-3 

Tamboli, Q.Y., Patange, S.M., Mohanta, 

Y.K., Sharma, R., Zakde, K.R., 

2023. Green Synthesis of Cobalt 

Ferrite Nanoparticles: An 

Emerging Material for 

Environmental and Biomedical 

Applications. J. Nanomater. 2023, 

1–15. 

https://doi.org/10.1155/2023/977

0212 

Torkian, S., Ghasemi, A., Shoja Razavi, 

R., 2017. Cation distribution and 

magnetic analysis of wideband 

microwave absorptive Co x Ni 

1−x Fe 2 O 4 ferrites. Ceram. Int. 

43, 6987–6995. 

https://doi.org/10.1016/j.ceramint

.2017.02.124 

Vadivel, M., Ramesh Babu, R., 

Sethuraman, K., Ramamurthi, K., 

Arivanandhan, M., 2014. 

Synthesis, structural, dielectric, 

magnetic and optical properties of 

Cr substituted CoFe2O4 

nanoparticles by co-precipitation 

method. J. Magn. Magn. Mater. 

362, 122–129. 

https://doi.org/10.1016/j.jmmm.2

014.03.016 

Vashist, S.K., 2013. Magnetic 

Nanoparticles-Based Biomedical 

and Bioanalytical Applications. J. 

Nanomedicine Nanotechnol. 04. 

https://doi.org/10.4172/2157-

7439.1000e130 

Vinod, G., Rajashekhar, K., Ravinder, 

D., Naik, J.L., 2021. Structural, 

electrical, and magnetic 

properties of erbium (Er3+) 

substituted Cu–Cd nano-ferrites. 

J. Mater. Sci. Mater. Electron. 32, 

24069–24082. 

https://doi.org/10.1007/s10854-

021-06869-4 

Webster, T.J., Seil, I., 2012. 

Antimicrobial applications of 

nanotechnology: methods and 

literature. Int. J. Nanomedicine 

2767. 

https://doi.org/10.2147/IJN.S2480

5 

 

 



29 
 

 


