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Abstract 

Tin oxide nanoparticles have been synthesized by a hydrolysis and co-precipitation method from iron (II) 

acetate, and tin tetrachloride. The mixed oxide was characterized as a tetragonal cassiterite structure by X-ray 

diffraction (XRD). X-ray photoelectron spectroscopy (XPS) revealed an electronic interaction between tin  and 

iron atoms in the oxide structure. The addition of iron species to the tin oxide led to a decrease in the crystallite 

size and changes in the oxidation states of iron cations in the surface region. Based on sensitivity measurements 

in a semiconductor, iron doping resulted in a shift of the maximum sensitivity toward the lower temperature 

side.  
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I. Introduction 

Tin-doped iron oxide, also known as Sn-doped Fe3O4 or Sn-Fe3O4, is a magnetic nanoparticle 

material that has gained attention in various fields such as biomedicine, catalysis, and environmental 

remediation due to its unique properties. The material is composed of iron oxide (Fe3O4) nanoparticles doped 

with tin (Sn), which can be synthesized through different methods including co-precipitation, sol-gel, and 

hydrothermal techniques. The doping of tin in the iron oxide lattice results in changes in the magnetic, 

electronic, and structural properties of the material.One of the significant advantages of Sn-Fe3O4 is its 

biocompatibility, which makes it an attractive candidate for biomedical applications such as magnetic resonance 

imaging (MRI), drug delivery, and hyperthermia treatment. The magnetic properties of Sn-Fe3O4 allow it to be 

used as a contrast agent for MRI, while its surface can be functionalized with bimolecular for targeted drug 

delivery. In catalysis, Sn-Fe3O4 has been used as a catalyst for various reactions such as Fischer-Tropsch 

synthesis, hydrogenation, and degradation of pollutants. The material's high surface area, magnetic properties, 

and stability make it a promising candidate for environmental remediation applications such as the removal of 

heavy metals and dyes from waste water. Low levels of transition metal dopants in semi-conducting oxides have 

a major impact on the catalytic activity or electrical conductivity of the materials, because they possess variable 

electronic structures. For example, Fe2+/Fe3+ redox species in titanium oxide can adjust acid-base properties, 

thus influencing surface reactivity [1]. Some authors report that Fe3+ dopant inV–Ti mixed oxide improves 

catalytic activity [2] and inhibits phase transition [3]. Moreover, V5+dopant in ZnFe2O4 serve as an electron 

donor, increasing n-type electrical conductivity [4]. Addition of V3+ into SnO2 [5] and Ti4+ into Recent papers 

that have appeared about mixed oxides composed of three metals as gas-sensing elements include the work on 

V5+ inZnFe2O4 [4] and Ba2+ in SmCoO3 [7]. In the present study, our attempts electronic states through 

addition of Fe2+ ions into the V–Sn oxide. We synthesized Fe–V–Sn mixed oxide nanostructures and 

characterized their crystal structure, surface state and gas-sensing response. 

 

II. Experimental methods: 

The synthesis of Sn doped iron oxide nano particles by simple chemical precipitation method was 

carried out as follows. First 0.1 mole iron oxide solutions were prepared by dissolving 90% of iron (III) chloride 

anhydrous (FeCl3) in 100 ml deionized water and 0.1 mole tin oxide solutions were prepared by dissolving 10% 

weight of tin (II) chloride dihydrate (SnO2)  in 100 ml deionized water. The surfactant 0.1% weight of 

hexadecyl trimethyl ammonium bromide (HTAB) dissolved in 50 ml deionized water and all prepared solutions 

stirred separate 1 hour. After that tin chloride solution added drop by drop with prepared iron oxide solution by 

using burette. The same way HTAB solution was added drop by drop. The mixed solution stirred for 4hrs and 
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temperature was maintained at 70oC. Then pH of solution maintained at 9 by adding ammonium hydroxide 

solution drop wise. The resulting product washed 15 times with double distilled water. Finally the precipitated 

resulting sample was tried at 120oC and then tried sample annealed at 400oC for five hours. In the same way, the 

pure iron oxide nano particles are prepared and different tin weight % varied such as 30 weight %, 50 weight % 

samples are prepared by simple precipitation method.  

 

III. RESULTS AND DISCUSSION 

3.1. X-Ray Diffraction (XRD) Structure Analysis 

X-ray diffraction (XRD) patterns have been used to confirm the formation of rhombohedra phase in 

iron oxide nano particles with different doping levels of tin. The XRD patterns of sample (b) at 10 weight% of 

tin doped iron oxide indicate rhombohedral structure with miller indices (022) (104) (023) (110) (214) (125) 

(116) and well matched with JCPDS 89-0599[10]. The samples (c) at 30 weight% and 50 weight% of Tin 

Doped Iron Oxide have similar miller indices, with peaks (110) and (104). The average crystalline size is 

predicted for the sample (d) as 56 nm, with lattice constants slightly changed from standard values. 

 

 
Fig. 1. XRD  image of Sn doped iron oxide nanoparticles 

(a) 0 weight % Sn, (b) 10 weight % Sn, (c) 30 weight % Sn and (d) 50 weight % Sn 
 

3.2. Fourier Transform Infrared Spectroscopy (FT-IR) Spectrum: 
Fourier transform infrared spectrum was recorded forthe sample (a)-(d) and it is shown in figure (5.2). 

This is an easy way to identify he presence of certain functional groups in the sample. The FT-IR spectra 

belongto Alpha-iron oxide nanoparticles, which is prepared by using precipitation method and is calcinated at 

400 oC. The figure (a-d) indicates a strong vibrational band at 3370 cm-1for sample (a), 3392 cm-1  for sample 

(b), 3382 cm-1 for sample (c) and 3380 cm-1 for sample (d) correspond to O-H stretching[8].  The presence of O-

H vibration in the spectrum  for the respective samples are appearing due to  adsorbed water vapour  from the 

surroundings  when it is exposed atmosphere, which (O-H) are due to  the expected adsorbed water in the 

sample[2].  
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Fig. 2. FT-IR  image of Sn doped iron oxide nanoparticles 

(a) 0 weight % Sn, (b) 10 weight % Sn, (c) 30 weight % Sn and (d) 50 weight % Sn 

 
3.3.Morphological studies 

         Scanning Electron Microscope (SEM): 

The SEM images of pure iron oxide nanoparticles and iron oxide doped with tin for different weight% levels 

show that the spherical shaped particle with less agglomeration is formed after 10 weight% and grows into 

larger size at 30 weight%. At 50 weight% of tin, most of the smaller spherical shaped particles are disappearing 

and remaining particles are agglomerated and become a larger grain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. SEM image of Sn doped iron oxide nanoparticles 

(a) 0 weight % Sn, (b) 10 weight % Sn, (c) 30 weight % Sn and (d) 50 weight % Sn 
 

3.4. Energy-dispersive spectrum (EDAX) Studies 

The EDAX spectrum of pure iron oxide nanoparticles shows the elemental presence of Fe, Tin, O, Cl 

and C. The doping level of Tin and Fe is identified, with stoichiometry stoichiometry of 89% of Fe and 9% of 

Tin. The atomic% of Tin is gradually increased according to doping level, and the peaks of Cl, O and C are due 

to the impact of atmosphere and raw materials. Iron oxide nanoparticles conductivity ranges from 1003 to 10-08 

Siemens per seconds, with a symmetric, linear behavior and formation of good ohmic contacts[9]. 
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 Fig.4. EDAX image of Sn doped iron oxide nanoparticles 

(a) 0 weight % Sn, (b) 10 weight % Sn, (c) 30 weight % Sn and (d) 50 weight % Sn 

 
IV. Conclusions 

Iron oxide nanoparticles and tin-doped iron oxide nanoparticles were synthesized using a chemical 

precipitation method. The resulting samples were characterized using various techniques. X-ray diffraction 

analysis revealed the presence of a rhombohedral phase, while FT-IR analysis confirmed the formation of both 

tin and iron oxide phases. Scanning electron microscopy analysis confirmed the morphology of the 

nanoparticles, and energy-dispersive X-ray spectroscopy confirmed the stoichiometric composition of the 

samples. 
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