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ABSTRACT 
 
Iron oxide nanomaterials are important class of magnetic nanomaterials. 

Swift heavy ion irradiation is an efficient tool for modifications of materials. 
Modification of magnetic metal oxides by swift heavy ion irradiation has achieved 
great attention. We are reporting modifications of iron oxide nanomaterials by swift 
heavy ion irradiation in this article. 
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INTRODUCTION 

 
Large variety of magnetic nanomaterials have been reported, among them iron oxide 

is the most widely studied one due to its biocompatibility and outstanding magnetic properties. 
Iron oxide exists in different phases like magnetite, Hematite and maghemite. Magnetite 
(Fe3O4) is an important member of spinel ferrites, with a cubic inverse spinal structure1. The 
magnetite phase is semiconducting at low temperatures while at high temperatures a sudden 
decrease in resistivity is found, resulting in structural change2. Efficient synthetic methods to 
obtain shape-controlled, stable, and monodisperse metal oxide nanomaterials have been 
largely studied during the last decade3. One of the nanomaterials that have attracted the 
attention of many researchers is iron-based nanomaterial. Magnetite is ferromagnetic 
compound and has approximately the highest magnetic properties among derivatives of 
metallic compounds4. Availability of heavy ion beams of almost any ion over a wide range of 
energy from eV to GeV provides a new way to modify materials. Swift heavy ion irradiation 
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produces defects in a material and hence enhances its properties. There occurs change in 
structural, magnetic and electric properties of materials once irradiated with swift heavy ion 
irradiation. The modification depends upon the energy, mass of incoming ion and fluence of 
the ion beam used5.    
 
MODIFICATIONS OF IRON OXIDE NANOMATERIALS BY SWIFT HEAVY ION 
IRRADIATION 

 
The interest of nanomaterials lies in the strong variation of properties of the 

nanomaterials as a function of their size when it is in the range of 1 to 100 nm. Ion beam 
irradiation is an efficient means to modify the nanomaterials because of the nanometric size of 
the volume disturbed by each ion6. When an ion passes through the material, it loses its energy 
either through elastic collision with nuclei or through inelastic collisions with electrons. For 
Swift heavy ion moving with a velocity comparable to the Bohr velocity of the electrons, the 
inelastic collision is the dominant mechanism for transfer of energy to the material. In the 
inelastic collision, the energy is transferred from the swift heavy ions to the atoms of the 
material through excitation and ionization of the surrounding electrons. These electronic 
excitations and ionizations produced by the passage of ions bring out various changes in the 
materials. If the value of electronic energy loss is less than the threshold value for producing 
columnar defects, point or cluster type of defects are produced and if it is greater, then 
columnar defects are produced7. There are two models that are proposed to explain how the 
electronic excitation causes displacement of lattice atoms, Coulomb explosion model and 
thermal spike model8,9. In the case of elastic collision, the incoming ion with energies below 
0.1 MeV/u interacts with target nuclei and loses its energy and hence causes change in 
materials properties10-12. Iron oxide nanomaterials are ideal choice due to their non-toxic and 
stable nature in comparison with other magnetic nanomaterials like cobalt or nickel13. The 
magnetic properties of nanomaterials can be tailored by modifying their shape. In recent years 
ion beam irradiation has become a powerful means to shape modification in the 
nanomaterials14-15. There are some reports on the effects of ion beam irradiation on the 
semiconductor/metal/metal oxide nanoparticles embedded in a matrix like silica16,17. The effect 
of ion beam irradiation on iron oxide nanomaterial has been reported. Siliver ion beam dose 
of 1×1014 ions/cm2 with energy of 100MeV is used for the modification of iron oxide 
nanomaterial. After ion beam irradiation the crystallinity and the magnetic properties of the 
iron oxide nanomaterials has been found to be modified. Shape modification of iron oxide 
nanomaterials by ion beam irradiation can prove to be a technological advancement in 
application areas like memory devices. The maximum values of saturation magnetization are 
reduced compared to those observed in case of unirradiated iron oxide nanomaterials18. 

 
CONCLUSION 
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Swift ion irradiation has become an essential means for modifying the properties of 
nanomaterials. Structural and magnetic properties of iron oxide nanomaterials are modified by 
swift heavy ion of siliver dose of 1×1014 ions/cm2 with energy of 100MeV. Modifed iron oxide 
nanomaterials have find variety of applications in catalysis, sensing, and electronic devices, 
and so on. 
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