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This PhD thesis investigates the role of magnetic nanoparticle arrays the features and properties of 

nanoparticles as a way to further optimize the heating efficiency of magnetic nanoparticles through 

the enhancement of the hysteresis losses mechanism. The area of this thesis is magnetism and 

magnetic materials, starting from systematic synthesis and robust investigation of their physical 

properties and concluding to technological applicability of nanomagnetism on diverse aspects, such 

as information storage, biomedicine and sustainable growth.  

Magnetic nanoparticles may be organized in nanostructure assemblies with emerging properties, 

distinctly different both from those of isolated nanoparticles and/or of the corresponding bulk 

phases. The macroscopic magnetic features of such nanoscale assemblies are determined by 

particle interactions, giving rise to unique magnetic, electrical or optical properties. Magnetic 

dipole–dipole interactions have been studied extensively as the driving force for nanoparticle long-

range ordering, with the advantage that magnetic fields can be delivered remotely and 

instantaneously.  

Depending on the experimental parameters, such as the intensity and direction of the magnetic 

field, nanoparticles of different size and concentration can form one-dimensional chains, the 

magnetic properties of which are thoroughly characterized and studied. To fully exploit the chain 

forming nanoparticles technologically, we examine in this PhD thesis, ways to increase the heating 

efficiency as magnetic particle hyperthermia mediates under AC magnetic field application. 

Magnetic nanoparticles, tunable in diameter: 10, 20, 50 and 80 nm, iron oxide (Fe3O4) magnetic 

nanoparticles were synthesized by aqueous co-precipitation of ferric and ferrous salts under alkaline 

conditions at high temperatures.  

The prepared samples are aqueous solutions, while a further post-synthetic step includes their 3D 

assembly in linear chains under the guidance of an external static magnetic field. Chain formations 

are fixed in positions inside an agarose matrix mimicking tissue properties, providing adequate 

phantom samples to further examine their biomedical perspectives. 3D chain arrangements result 

in the enhancement of collective magnetic features and eventually to magnetic heating efficiency 

increase. Eventually, this PhD thesis investigates the magnetic field application schemes 

incorporating magnetic nanoparticles. 


