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Abstract 
In this research, the core-shell of a 

ZnMnFe2O4@SiO2 nanocomposite was 

prepared. Due to its porous structure, and 

magnetic and optical properties, this 

nanocomposite offers unique application 

potential in the field of biomedicine. For this 

purpose, ZnMnFe2O4 nanoparticles with 

superparamagnetic properties have been 

synthesized by a hydrothermal-sonochemical 

method. To achive of controlling the size, 

shape, and distribution of nanoparticles, the 

choice of synthesis method becomes very 

important. In this research, in order to obtain 

nanoparticles with suitable particle 

distribution and magnetic properties, spinel 

iron oxide was doped with zinc and 

manganese atoms by a combination of 

hydrothermal and sonochemical methods. 

Then, core-shell nanoparticles were prepared 

using Stöber's method. Finally, the silica shell 

of the porous superparamagnetic system was 

characterized using an X-ray diffraction 

pattern, FTIR, an EDS, and VSM. The results 

ofXRD confirmed the formation of porous 

silica structures. Magnetic studies 

ofmanganese ferrite nanoparticles showed 

superparamagnetic behavior with a magnetic 

saturation of 53.9 emu/g for core and core-

shell saturation magnetization of 33.6emu/g in 

the incidence field of approximately 1Oe. In 

addition to magnetic properties, these 

nanoparticles have unique optical properties 

that can be used inbio-medical research as 

their porous structure with a large surface area 

provides the ability to load large amounts of 

drugs and biological molecules, and as a 

result, they can be used in the field of 

simultaneous medical diagnosis, treatment 

using MRI, and targeted drug delivery. 

Keywords: ‘’core-shell” nanocomposite‘’ 

superparamagnetic’’ targeted 

drugdelivery’’hydrothermal-sonochmical’’ 
Introduction 

Superparamagnetic materials by reducing the crystal 

size in ferromagnetic materials and making them 

single-domain, the crystal anisotropy energy is 

reduced until it becomes comparable to thermal 

energy at a certain size [1]. In such a case, the 

thermal energy overcomes the anisotropy energy 

barrier, and the magnetic moment of the entire 

particle can fluctuate freely, similar to the magnetic 

moments of a single atom in a paramagnetic material. 

By applying an external magnetic field, we will have 

an orderly arrangement of magnetic moments, which 

in this so-called material are superparamagnetic. 

Materials and multi-domains become single domains, 

and the superparamagnetic state is observed [2-4]. 

Reports say that when Zn2+ is added to the 

manganese ferrite structure, the crystallite size values 

drop by a lot. This is because Zn2+ has a smaller ionic 

radius (0.68) than Mn2+ (0.75) [5-7]. Also, it has been 

found that increasing the level of Zn2+ doping 

increases the surface area and porosity of ZnxMnx-

1Fe2O4 MNPs by making the crystallites smaller and 

the bulk density lower. Because of this, it is expected 

that these MNPs will be able to extract the target 

analytic well. To our knowledge, however, there 

hasn't been a report in the literature about using 

ZnxMnx-1Fe2O4 MNPs in sample preparation 

processes. 

Many different methods have been found to make 

drug delivery systems. In this field, nanomaterials 

have gotten a lot of attention and have been studied 

in depth in order to make a new generation of drug 

delivery systems. The first advantage of nanoparticles 

in medicine is their size. Their sizes range from a few 

nanometers to tens of nanometers, so that they are 

smaller than a cell (10–100 microns) or comparable 

to the size of a virus (450–20 nanometers), protein 

(50–50 nanometers), or a gene. (2 nm wide and 10-

100 nm long). Core-shell nanoparticles include cores 

that are coated with other materials, so they are 

mainly designed for biomedical applications based on 

surface chemistry, which increases their affinity for 

binding with drugs and receptors and makes them 

ligands. This has led to the synthesis of new 

nanoparticles that are compatible with the biological 

system compared to bulk materials. 

The benefit of hyperthermic treatment with 

superparamagnetic nanoparticles is that the changing 

magnetic moment inside the nanoparticles can create 

more heat in a specific area. Superparamagnetic 
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nanoparticles have a higher specific absorption rate 

than ferromagnetic nanoparticles, which makes them 

more useful. At a temperature of 42–46 °C, it gets too 

hot and effectively kills the solid tumor. Since 

superparamagnetic nanoparticles have better 

properties than ferromagnetic nanoparticles, they 

have gotten more attention [8,9]. 

In this report, ZnMnFe2O4 nanoparticles were well 

distributed and showed excellent magnetic properties. 

The saturation magnetization of these nanoparticles 

was 53.9 emu/g, and their incidence field was less 

than 1.9 Oe. Then we cover it with silicate oxide, and 

we have obtained a porous sub-magnetic core-shell 

for use in medical applications such as drug delivery 

and MRI. We have successfully obtained a 

superparamagnetic, porous system and "core-shell. 

We expect that its encapsulation in a porous system 

that provides sustained drug release properties will 

potentially reduce the frequency of drug 

administration, reduce side effects, and prolong its 

delivery and elimination time in the body. In order to 

use these samples for hypothermia applications, it is 

necessary that Hc be less than 20 Oe. It is observed 

that ZnMnFe2O4 and SiO2 have a coactivity nearer 8 

Oe and are very suitable for use in hypothermic 

applications. 

Experimental methods:  

1. Synthesis of nanoparticles ZnMnFe2O4: 

ZnMnFe2O4 nanocomposite was synthesized using a 

modified version of the hydrothermal method. Iron, 

zinc, and manganese nitrate precursors were 

irradiated with ultrasound, and deionized water was 

used as the solvent. The solution was stirred for half 

an hour under magnetic stirring at room temperature. 

Then ammonia was added and magnetically stirred 

for half an hour; then sodium hydroxide solution was 

added drop by drop and stirred for 10 minutes. Then 

the solution was exposed to ultrasonic wave radiation 

for 40 minutes at a temperature of 60 °C. Then the 

mixture was transferred to the autoclave and placed 

at 200°C for 5 hours. After that, the mixture was 

separated and washed in a centrifuge before being 

dried at 80°C for 12 hours. 

2. 2- Coated a non-porous silica shell on 

zinc-manganese ferrite core-shell 

nanoparticles: 

In this step, the synthesized ZnMnFe2O4 was added 

to 60 ml of ethanol, 10 ml of water, and 2 ml of 

NH3H2O and the mixture was stirred an ultrasonic 

device for 16 minutes. TEOS was then added 

dropwise to the mixture and then washed several 

times with ethanol and water under magnetic stirring 

for 14 hours before being dried in an oven at 6 °C for 

one hour. 

 
Results Discussion 

The diffraction pattern is based on X-ray diffraction 

(XRD) for the detection of crystalline materials. The 

XRD pattern of ZnMnFe2O4 and ZnMnFe2O4@SiO2 

nanocomposite are shown in Fig. 1. 

 

Fig. 1. The XRD pattern of ZnMnFe2O4 and ZnMnFe2O4@SiO2 nanocomposite. 

 

The X-ray diffraction pattern is used to study the 

properties of the crystal structure of the sample, as 

can be seen in Fig. 1, the characteristic diffraction 

peaks are at 29.93, 35.40, 36.38, 42.73, 52.46, 56.59, 

61.98, and 74.3, which belong to the plates (220), 

(311), (222), (400), (422), (333), (404), and (533), 

respectively. This patternis related to the cubic spinel 

structure and high crystallinity of Zn-Mn ferrite. 

Also, it is found that the structure of core-shell 

(ZnMnFe2O4@SiO2) has not be changed. 



International Journal of Innovation Engineering and Technology Development 

Vol.1, NO.2 , P:1 - 5 

Received: 20 October  2023 

Accepted: 29  May  2024 
 

3 

 

The information obtained from this analysis can be 

used to determine structural parameters such as the 

average size of crystal lattice. The average size of the 

crystals is calculated using Debye-Scherrerformula: 

𝐷 =
𝑘𝜆

𝛽 cos 𝜃
 

Where D, k, λ, β, and are the mean size of the 

ordered (crystalline) domains, dimensionless shape 

factor, wave number, the line broadening at half the 

maximum intensity (FWHM), and peak position, 

respectively. The average size of crystal lattice of 

samples was obtained 3.62 A. 
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Fig. 2. FTIR spectra of ZnMnFe2O4 and ZnMnFe2O4@SiO2 nanocomposite. 

 

The FTIR was performed in the range of 400–400 

cm-1. The IR spectrum is considered an important 

tool for obtaining information about the structure and 

status of ions in the crystal through crystal vibration 

modes. The formation of spinel structure in 

nanoparticles is shown in Fig. 2. The peaks of 551.56 

cm-1 are related to iron-oxygen tensile vibrations (Fe-

O), and the peak of the spinel nanoparticle structure 

of the iron and zinc oxide and zinc has a strong 

absorption of 400 cm-1. The peak at 517 cm-1 is for 

O-F-O-Z in a four-sided location. The peak at 940 

cm-1 is also for M-N-O vibrations [12–14]. The peak 

of 1080 cm-1 also belongs to the O-F-O tensile mode, 

and the peak of 1634 cm-1 belongs to Zn-O at the 

location of octagonal bending and octagonal drilling. 

The results of the analysis are shown in Fig. 2, which 

shows the FTIR corresponding to ZnMnFe2O4@SiO2 

core-shell nanoparticles. In this spectrum, the 

absorption peaks at 1196 and 1000 cm-1 are related to 

Si-O-Si antisymmetric vibrations, and the peak at 955 

cm−1 is related to Si-OH vibrations, which are caused 

by the bond between silica and group surface 

hydroxyls. 



International Journal of Innovation Engineering and Technology Development 

Vol.1, NO.2 , P:1 - 5 

Received: 20 October  2023 

Accepted: 29  May  2024 
 

4 

 

 

Fig. 3. The elemental mapping of ZnMnFe2O4 and ZnMnFe2O4@SiO2 nanocomposite. 

 

Fig. 4. The EDS spectraof ZnMnFe2O4 and ZnMnFe2O4@SiO2 nanocomposite. 

The elemental mapping of samples are shown in Fig. 

3. This analysis shows that the sample elements have 

uniform distribution. Also,in order to know more 

about the chemical composition of 

ZnMnFe2O4@SiO2 core-shell 

nanoparticles and to prove the presence of silicate in 

the sample, EDS elemental composition analysis 

should be used. The presence of Mn, Fe, Zn, O, and 

Si elements show in the EDS spectra in Fig. 4. 

Fig. 5. VSM analysis of ZnMnFe2O4 and ZnMnFe2O4@SiO2 nanocomposite. 
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VSM analysis was used to find out about the 

magnetic properties of core-shell nanoparticles and 

the magnetic receptivity needed in these 

nanoparticles because of their magnetic ability in 

biomedical applications. So, even though this 

material has been covered with porous silica, it is still 

superparamagnetic. It is, but because silica is not 

magnetic, its saturation magnetization has gone 

down. The saturation magnetization for the core is 

equal to 9.53 emu/gr, and the repulsion field is 1.5 

Oe, but the saturation magnetization and repulsion 

field for the core are 33.6 emu/gr and 1.9 Oe, 

respectively. The figure shows that the above 

samples are superparamagnetic. The saturation 

magnetization in these nanoparticles combined with 

their magnetic property makes them have many 

applications, especially in therapeutic fields. 

Conclusions 

The goal of this research project was to find out if it 

was possible to make core-shell nanoparticles so that 

a nanocomposite with magnetic, optical, and porous 

properties could be made. For this purpose, first, 

manganese ferrite superparamagnetic nanoparticles 

were made using the hydrothermal-sonochemical 

method for the sample with the best magnetic 

properties, and a superparamagnetic sample of HC 

about 1 with good particle distribution was used as a 

magnetic core. Then, making solid silica coating 

conditions and then putting porous silica on the 

surface of core-shell nanoparticles made it possible, 

and it was made successfully. In this step, first a thin 

layer of silica was placed on the surface of the 

nanoparticles using Stöber's method, and then a 

porous layer of silica was coated on the surface of 

these nanoparticles with manganese ferrite. 

Structural, magnetic, and optical properties. The 

characterization of these nanoparticles (VSM, FTIR, 

EDS, and XRD) was performed, and the results of the 

characterization are summarized in an example of a 

porous superparamagnetic core-shell and atomic 

distribution. The saturation magnetization in these 

nanoparticles combined with their magnetic property 

makes them have many applications, especially in 

therapeutic fields. 
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