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ABSTRACT 
  

Zinc ferrite nanoparticles, capped with chitosan by sol-gel auto- 

combustion were developed in this work. The obtained nanoparticles 

were characterized using different techniques to confirm the 

physicochemical properties of the samples. The crystallinity of the 

samples was confirmed using X-ray diffractometer (XRD). The 

obtained crystallite size falls within the nanorange. Scanning electron 

microscopy (SEM) was used to determine the morphology of the 

samples. The functional groups of the samples were determined using 

Fourier transform infrared (FTIR) spectroscopy, and the absorbance of 

the sample was determined using UV-visible with Surface Plasmon 

Resonance (SPR) peak between 250 and 380 nm while the magnetic 

properties were determined using vibrating sample magnetometer 

(VSM). A change from paramagnetic to superparamagnetic nature 

was observed, making it suitable for biomedical applications. It is 

noteworthy that the obtained properties are highly enhanced and can 

be used for biomedical applications. 
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INTRODUCTION  

Nanomaterials have witnessed tremendous drive 

among researchers in our contemporary world 

for technological growth. This drive is due to 

some properties such as their surface and 

quantum size effects. Holistic approaches 

toward research into nanomaterials are potent in 

handling challenges aimed at diminishing 

sustainable development (Assey & Malasi, 

2021; Sivakumara et al., 2018).  Nanomaterials 
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can be deposited using several techniques and 

are also affected by deposition parameters. The 

magnetic nanoparticles could sometimes be 

coated with non-magnetic material to prevent 

agglomeration which in turn reduces the dipole-

dipole interactions and elicits biocompatibility 

(Zviagin et al., 2016). Magnetic nanoparticles 

often enhance the movement of particles in the 

system by regulating the magnetic field. Apart 

from the synthesis protocol and spatial 

distribution of cations, factors such as the size 

and shape of the formulated NPs also influence 

the magnetic properties (Kirkpatrick et al., 2023; 

Schiess et al., 1996). Spinel ferrites have a 

general formula of AB2O4, having A and B as 

metal ions in their tetrahedral and octahedral 

sites. Among the spinel ferrites, ZnFe2O4 

displays a cubic crystal structure and has 

numerous applications (Chavan et al., 2010). 

Spinel ferrites such as ZnFe2O4, CoFe2O4, 

NiFe2O4, CuFe2O4 and MgFe2O4 exhibit 

fascinating magnetic and electric properties 

which put them as important materials for 

commercial viability. Among the Spinel ferrites, 

Zinc ferrite oxide (ZnFe2O4) ZnFe2O4 is a 

unique material as it exhibits dual properties of 

ferromagnetic and semiconductor (Ebirahmi, 

Shahraki, & Ebirahimi). It has attracted unique 

attention as it is both anodic and catalytic 

material with proven chemical stability and for 

water purification (Aisida et al., 2021; Aisida et 

al., 2020b).  

ZnFe2O4
 
has an energy band gap in the range of 

2.02 eV and 2.33 eV within the UV-visible 

absorption spectrum, it has excellent 

superparamagnetic (SPION) behavior, as well as 

thermal conductivity for diverse application 

(Mataji et al., 2018; Aisida et al., 2023; 

Nakashima et al., 2005) such as photocatalysis, 

gas sensors, Li-ion batteries and hyperthermia 

(Kaman et al., 2024; Zhu et al., 2022). 

Zinc ferrite nanocrystals have been synthesized 

using different methods such the microemulsion 

method (Brown-Louisa & Hope-Weeks, 2009). 

Sol-gel autocombustion (Abbas, John, & Fraih, 

2017), microwave-assisted (Jumeri et al., 2014), 

chemical co-precipitation (Andhare et al., 2020), 

Thermal (Naseri, et al., 2011) and green 

synthesis (Jogi et al., 2022). Among these 

methods, sol-gel auto-combustion has been 

ingenious for the synthesis of ferrite materials.  

Hence, the emplaced work used the sol-gel auto-

combustion method. This method, which is a 

combination of sol-gel and combustion and also 

known as auto-ignition or low-temperature self-

combustion. The method is preferred among 

other deposition techniques because of its good 

chemical homogeneity, simplicity, cost-

effectiveness, control of stoichiometry, easy 

introduction of dopants into the final product, 

good crystallinity, low processing time, and 

ability to effectively operate at low temperatures 

(Gharagozlou & Bayati, 2015; Kershi et al., 

2023). In the sol-gel auto-combustion method, 

reagents can be mixed at the molecular level 

with good control of the accumulation of 

nanoparticles. It is fast and requires simple 

equipment for the production of high-quality 

homogeneous nanoparticles at large scale 

(Baykal et al., 2014). 

Biomedical applications of zinc ferrite materials 

have been well explored in recent years (Feng, et 

al., 2015 ; Shapiro et al., 2015). The diagnostic, 

therapeutic and theranostic applications of these 

materials have been in the limelight of research 

recently. A unique and essential semiconductor, 

zinc ferrite nanoparticles are thought to be 

among the most promising materials for myriad 

applications. Its large exciton binding energy, 

optical transparency and wide band gap energy 

are the causes of these applications. 

Additionally, its environmental friendliness 

makes it suitable for biomedical applications 

(Jothi, Gunaseelan, & Sagayaraj 2012; Bryan et 

al., 2023; Li et al., 2024). 

 Chitosan (CS) is a natural polymer that is easily 

decomposable by enzymes and undergoes 

adsorption by tissues due to its low toxicity. It is 

a good candidate for biomedical applications 

carriers for orthopedic tissue engineering, 

vaccine, drug delivery, gene and delivery 

(Raftery & Cryan, 2013). The novel of this work 

is centered on evaluating the impact of CS on 

the surface of ZnFe2O4NPs for possible 

biomedical applications (Aisida, Gospel, 

Alshoaibi & Okeudo, 2024). Our research 

described in this manuscript aimed to explore 

the potential of CS encapsulation of zinc ferrite 

to enhance the physicochemical properties of the 

formulated samples with controlled size and 

composition suitable for biomedical applications 

by a sol-gel method. The properties of the 
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formulated nanoparticles were examined using 

UV-visible, X-ray diffraction (XRD), scanning 

electron microscopy (SEM), elemental 

dispersive spectroscopy (EDS), Fourier 

transformed infrared spectroscopy (FTIR) and 

vibrating sample magnetometry (VSM) to 

determine their optical, structural, 

morphological, elemental, functional group and 

magnetic properties, respectively. Also, they 

were used to determine the impact of CS on the 

physicochemical properties of the formulated 

nanoparticles suitable for biomedical 

applications. 

MATERIALS AND METHODS 

Materials 

Sigma-Aldrich products, USA of iron (III) 

nitrate hexahydrate (FeNO3·6H2O) (99%), Zinc 

Nitrate (ZnNO3. 6H2O) hexahydrate (99%) and 

chitosan (C6H11NO4) were acquired from a 

commercial store. All the glassware was washed 

with Distilled water (DW). 

Sol-gel auto-combustion of zinc ferrite 

nanoparticles  
Ferric nitrate (0.4 M) and zinc nitrate (0.2 M) 

were homogenized in 100 ml of DW and stirred 

continuously at 500 rpm for 30 min for the 

thorough mixture. Subsequently, the obtained 

mixture was then heated at 80 °C in a heater and 

stirrer. Afterward, the gel was placed in a 

furnace at 60 °C for 24 h. The NPs obtained 

were turned to powder using a sterilized mortar. 

This is then followed by calcination at 500 °C 

for 3 h to enhance the samples. The obtained 

sample was labeled K1. To the homogeneous 

solution of K1 above, the solution of 1 g and 2 g 

of chitosan prepared in 50 ml of DW was added 

dropwise while stirring at 500 rpm for another 

30 min. The procedures for K1 were observed to 

obtain K2 and K3. 

Characterization 

All the samples were analyzed using various 

characterization techniques. X-ray diffraction 

(XRD) was used to analyse the structural 

properties of the samples using a DW-XRD-

2700A series X-ray diffractometer, Drawell 

International Technology Ltd., China covering a 

10° to 100° range at ambient temperature.  

Absorbance and energy bandgap measurements 

of the materials were performed with a UV–

visible diffuse reflectance spectroscopy (UV-

DRS) using a UV-3600, (Shimadzu Co., Japan). 

To analyze the chemical bonds and functional 

groups in the samples, an FTIR (FTIR-1650, 

Perkin Elmer Co., USA) model spectrometer 

was used in the range of 4000–500cm
-1

.  The 

surface morphology was investigated using a 

scanning electron microscope (SEM1010 SEM 

instrument, JEOL, Ltd, Japan). The magnetic 

properties of the samples were examined at 

room temperature using a vibrating sample 

magnetometer (VSM), Quantum design, (VSM-

4700, model) Versalab Lake Shore Co Ltd, 

USA, which applied a maximum field strength 

in the range of ± 5 kOe.   

RESULTS AND DISCUSSIONS 

UV Visible Analysis 

The absorption of the obtained samples was 

obtained using UV–Vis analysis as presented in 

Fig. 1. The absorption bands ranged between 

300 – 400nm.  The observed color change 

confirmed the decomposition of chitosan in the 

formulated nanoparticles. The decomposition is 

a clear evidence that the material is suitable for 

biomedical applications (Aisida, Gospel, 

Alshoaibi, & Okeudo, 2024). The peak observed 

(i.e. the Surface Plasmon Resonance (SPR) 

peaks) of the Samples was determined as 356, 

360 and 389 nm for K1, K2 and K3 respectively.   
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Figure 1: UV–visible analysis of samples K1, K2 and K3 

FTIR analysis of the samples 

The functional group inherent in CS as revealed 

by FTIR spectra analysis in Fig. 2, shows the 

main vibrations in the wavelength range of 2000 

– 500 cm
−1

.  The OH functional group witnessed 

a blue shift from 1659 cm
-1

 for the pristine 

sample to 1624cm
-1

 and 1631cm
-1 

for K1 and K2 

samples, respectively. The C-N functional group 

stretching vibration, witnessed a blue shift from 

1332 cm
-1

 for the pristine sample to 1318 cm
-1

 

and 1325 cm
-1

 for K1 and K2 samples, 

respectively. The C-O-C stretching vibration 

functional group also witnessed a blue shift from 

1024 for the pristine sample to 1022 cm
−1

 and a 

red shift to 1037 cm
−1

 for K1 and K2 samples, 

respectively. The bands around 500 and 515 

cm
−1

 are ascribed to FeO and ZnO stretching 

vibration bond (Aisida, Gospel, Alshoaibi, & 

Okeudo, 2024). This shows that the functional 

group really enhanced the materials for 

biomedical applications. 
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Figure 2: FTIR analysis of the samples 
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XRD Analysis of the samples 

The XRD spectra of K1, K2 and K3 as presented 

in Fig. 3, shows the crystalline structure of the 

samples. The (311) plane exhibits the highest 

peaks.  The major diffraction peaks observed at 

2θ and the crystallographic reflection planes 

values are 29.86
o
 (220), 35.18

o 
(311), 42.66

o 

(400), 53.02
o
 (422), 56.62

o
 (511) and 62.11

o
 

(440).
 

The structure exhibited inverse spinel 

lattice with single-phase characteristics (Aisida, 

Gospel, Alshoaibi, & Okeudo, 2024). The 

Debye–Scherer's formula (Eq.1), was used to 

evaluate the crystallite size of K3 sample. The 

estimated value of the crystallite of 14.5 nm, 

falls within the nano range. The obtained 

crystallite size was within the range of nano-

therapy and suitable for biomedical application 

(Aisida, Gospel, Alshoaibi, & Okeudo, 2024). 

The size as observed in the sample suggests that 

the material could exhibit good mechanical 

strength and stability which might be suitable for 

load-bearing implants or structural components 

requiring robustness and durability for 

biomedical applications (Pachamuthu, et al., 

2022). 

 

D(XRD) =         (1) 

D(XRD) is the (crystalline size) expressed in (nm),  (X-ray wavelength) (  = 1.5406Å), β (full width at 

half maximum) and θ (Bragg diffraction angle) (Cullity, 1978). 
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Figure 3: XRD patterns of samples K1, K2 and K3. 

 

SEM Analysis 

The SEM micrographs of K1, K2 and K3 as presented in Fig. 4, Shows spherical morphology of the 

samples. A spherical shape morphology was observed with Sample K1 with some aggregation. Sample 

K2 shows better morphologies, while K3 shows clusters of spherical morphology embedded in CS. A 



 R. Ijeh et al.   ISSN: 2811-2881 

21 

 

similar report was also observed by Aisida et al. (2024). Nanospheres, nanorods, nanocapsules, 

nanosheet, dendrimers, nanocubes, micelles and macrophage-like shapes are all appropriate for 

biomedical uses (Batool et al., 2023; Li et al., 2024; Han et al., 2022). However, the spherical-like 

structures are more suitable for biological uses to enhance easy flow in the blood vessels. 

 

 

 
Figure 4: SEM analysis of the sample (i) K1, (ii) K2 and (iii) K3 
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VSM Analysis of the Samples 

The magnetization against the magnetic field 

shows the magnetic properties of the obtained 

samples as shown in Fig. 5, in the range of ± 5 

ΚΟe. Table 1 shows the magnetic properties of 

the formulated samples. A transition from 

paramagnetism to superparamagnetism was 

observed in the samples.  We deduced that the 

transformation is due to the doping agent. As the 

dopant increases, the saturation magnetization 

(Ms) also increases, the observed increase is as a 

result of the introduction of CS in the sample. 

This is in agreement with the previous study 

reported with an increase in the Ms (Ijeh et al., 

2019; Ijeh et al., 2022b). A material with very 

low coercivity and remanence magnetization, 

but high saturation magnetization shows optimal 

biomedical applications.  However, for effective 

biomedical uses, like administering medications, 

studies have shown that super-paramagnetic 

materials are more effective than ferromagnetic 

materials (Adam et al., 2007). 

 

Table 1: This shows the magnetic properties of the samples 

Sample Coercivity Mr (Oe) Ms (emu/g) 

K1 572 0 0.002 

K2 198 0 0.015 

K3 0 0 0.17 
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Figure 5: The magnetization against the magnetic field of the samples. 

CONCLUSION 

The synthesis of Zinc ferrite nanoparticles via 

the sol-gel auto-combustion method using 

Chitosan as an organic dopant has been 

presented in this work. The effect of chitosan on 

the physicochemical properties of the developed 

samples was investigated using various 

characterization techniques. The 

physicochemical properties of the samples were 

highly influenced by the introduction of CS 

making them more suitable for biomedical 

applications. A cubic crystalline spinel phase 
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structure of the samples was observed with the 

XRD, which depends on the chitosan dopant. 

The obtained crystallite size falls within the 

nanorage. A spherical morphology of the sample 

through SEM was observed, making it suitable 

for in vivo biomedical applications.  The VSM 

showed a transformation from paramagnetism to 

superparamagnetic behavior, hence, the 

saturation magnetization was observed to 

increase with the addition of the dopant. This 

transformation from the paramagnetic to 

superparamagnetic with increase in saturation 

magnetization makes the materials suitable for 

in vivo biomedical applications.  It is noteworthy 

that the obtained physicochemical properties 

obtained can be used for biomedical 

applications. 
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