
INVESTIGATIONS ON SELECTED NANOMAGNETIC SYSTEMS

Recently, nanomaterials have drawn significant attention in the scientific community 

due to their unique properties, which include quantum confinement and increased reactivity 

associated  with  changes  in  their  molecular  electronic  structure  and  increase  in  surface-to-

volume ratio. Nanomaterials are systems with sizes between 1 nm and 100 nm. Such dimensions 

are  of  the  same  order  of  magnitude  as  the  range  of  the  various  interactions  that  define 

magnetism in matter. This is the main reason why the properties observed in nanomaterials 

differ  from  those  in  the  bulk  state,  and  new  magnetic  effects  can  be  created.  Extremely 

interesting behaviour can be produced in functional materials,  with potential applications in 

information  technology  (magnetic  recording),  telecommunications  (non-reciprocal  systems), 

energy transformation (high-performance soft materials and magnets), biology (functionalised 

magnetic particles)  and medical  engineering (mini and microsensors or actuators).  In many 

cases, the finite size magnetic effects arise because of the competition between surface magnetic 

properties  and  core  magnetic  properties.  These  effects  are  of  intense  technological  interest  

because  of  their  relevance  to the  stability  of  information stored in the  form of  magnetized 

particles, which compose rigid disk, floppy disk, and tape recording media.

Spinel ferrites, having the general formula (A2+)[B23+]O42-,  where A2+ and B3+ are the 

divalent and trivalent cations occupying tetrahedral (A) and octahedral (B) interstitial positions 

of the fcc lattice formed by O2- ions are well known ferrimagnetic materials. These are one of 

the  most  widely  used  classes  of  magnetic  oxides,  since  they  exhibit  interesting  magnetic,  

electrical,  and  optical  properties.  The  qualities  like  high  corrosion  resistance,  very  high 

electrical  resistivity,  and outstanding magnetic properties at high frequency make ferrites a  

suitable material for various technological applications. The physical and chemical properties of 

ferrites and other magnetic materials have a marked dependence on particle size, when it is in 

the nanosize regime. The nano particles of these types of ferrites have been a subject of much 

interest because of their unusual optical, electrical and magnetic properties, which often differ  

from the bulk. The magnetic properties of ferrites make them suitable for various technological 

applications  like  microwave  devices,  high  speed  recording  media  and  magnetocaloric 

refrigeration systems. The interesting and useful properties of the spinel ferrites are governed 

by the distribution of iron and divalent metal ions among the octahedral and tetrahedral sites of 



the  spinel  lattice.  In  general  terms,  the  cation  distribution  can  be  expressed  by 

ë₃₃₃₃₃₃₃₃1−₃₃ë₃₃1−₃₃₃₃₃₃1+₃›₃4, where the ions inside the square bracket are located in octahedral sites 

and the ions outside the brackets in tetrahedral sites. The limiting case δ = 1 is called normal 

spinel and the other limiting case  δ = 0 is  called inverse spinel.  NiFe2O4 and CoFe2O4 are 

usually  formed  in  the  inverse  spinel  structure,  while  ZnFe2O4 shows  the  normal  spinel 

distribution.  Ni0.5Zn0.5Fe2O4 and  Ni0.5Co0.5Fe2O4 are  mixed  ferrites  which  show  the 

combination of these two structural orientations.

A  detailed  review  of  the  existing  literature  in  spinel  ferrites  indicates  a  profound 

significance of synthesis method on various physical and chemical properties. The possibility of 

developing innovative technological applications with these compounds depends on the simple, 

cost-effective and gentle chemistry synthesis route, which can give consistent results for the wide 

range of spinel ferrites in ultra fine and homogenous powder form.

The micro-level magnetic properties of spinel ferrites show extensive variations due to 

its  dependence  on  synthesis  method.  One  such  property  is  the  spin  orientations  in  the 

tetrahedral as well as octahedral sites of these ferrites, which contribute to the overall macro-

level  magnetic  behavior  of  the  systems.  These  spin  orientations  are  structured by different  

aspects such as particle size, cationic distribution, inter atomic bond lengths and angles and the 

exchange  interaction  between  the  cations.  There  are  reports  of  both  the  collinear  and 

noncollinear nature of the spins in these systems. Even in reports of noncollinear spin structure,  

canting angle values varied significantly. Thus a detailed investigation on the spin structure 

influencing the micro-level magnetic ordering in different spinel ferrites is vital. 

The basic structural  factors such as lattice parameter,  bond angle,  bond length and 

oxygen parameter will influence the micro-level magnetic properties of the spinel ferrites. The 

variation in magnetic moments with temperature can be correlated with the variation of these  

structural factors. However, little information is available regarding this correlation. Thus the 

temperature dependent neutron diffraction of spinel ferrites, which gives magnetic as well as  

structural details of these nanocrystals is of great relevance.

Recently, nanomaterials have drawn significant attention as optical limiters. The spinel 

ferrite nanoparticles have a very high shelf life and remarkable thermal stability, which are 

important  requirements  for  sustainable  use  with  intense  lasers.  This  physical  and chemical 

stability  of  ferrites,  which is  an important  attribute  for  an optical  limiter,  prompted us  to 



investigate  their  optical  limiting properties.  The  optical  limiting properties  of  spinel  ferrite 

nanoparticles are not thoroughly studied yet.

This investigation is pursued to address the above discussed problems in the area of 

spinel  nano  ferrite  research.  NiFe2O4,  Ni0.5Zn0.5Fe2O4,  ZnFe2O4, CoFe2O4 and 

Ni0.5Co0.5Fe2O4 are selected as the representative compounds from different spinel groups of 

inverse,  normal  and mixed structure.  The thesis  is  divided into six chapters.  First  one is  a 

general  introduction  which  introduces  the  relevance  and  important  aspects  concerning  the 

selected spinel ferrite nano systems. The second, third and fourth chapters discusses the results 

obtained from investigations on the structural and magnetic aspects of the selected ferrites. The 

fifth chapter presents the comparative study on the optical limiting properties of these systems.  

The chapter six summarizes the results of the whole investigation and also accounts the possible 

future scope of works in this field.

The sol-gel method using poly vinyl alcohol (PVA) was found to be an effective method 

for the synthesis  of  these compounds  within a particle  size  range below 10 nm. The  molar 

weight  ratio  of  PVA  to  total  metal  ions  was  found  to  have  a  significant  influence  on  the 

crystallite size. The thermo gravimetric and differential thermal analysis of the gel helps to gain 

a better understanding about the process of formation of the nanoparticles. X-ray diffraction,  

transmission  electron  microscopy  and  scanning  electron  microscopy  were  used  for  the 

structural  as  well  as  morphological  characterization.  The  compositions of  the samples  were 

confirmed using electron dispersive X-ray spectroscopy.

The magnetization behaviour of these materials was investigated using vibrating sample 

magnetometer. The possibility of structural changes, chemical and coordination differences of  

iron in the nanocrystalline environment and micro level spin orientations in these materials are 

investigated  using  Mossbauer  spectroscopy.  All  the  systems  except  cobalt  ferrite  show 

superparamagnetic behaviour at room temperature. The coexistence of a superparamagnetic 

doublet and magnetically split sextet in the Mossbauer spectrum of NiFe2O4, Ni0.5Zn0.5Fe2O4 

and Ni0.5Co0.5Fe2O4 samples indicates that the samples has a broad distribution of particle  

sizes,  both  above  and  below  the  critical  size  of  superparamagnetism.  The  saturation 

magnetization value  of  NiFe2O4 is  found to  be  lower  than that  of  bulk.  This  reduction  is 

inferred as the effect of broken exchange bonds, high anisotropy layer on the surface or a loss of  

long-range  order  in  the  surface  layer  which  are  arising  as  a  natural  consequence  of  the 



reduction of particle size. The magnetization curve of zinc ferrite traces an ‘S’ shape which  

shows the tendency for saturation and perfectly zero hysteresis behaviour with no coercivity 

which indicates superparamagnetism. This phenomenon is explained as the manifestation of the 

variation  in  the  basic  normal  spinel  structure  of  ZnFe2O4  nanoparticles.  The  absence  of 

superparamagnetism  in  CoFe2O4  nanoparticles  can  be  explained  using  the  high  value  of 

anisotropy  constant  of  that  system.  All  the  investigated  systems  were  found  to  possess  a 

noncollinear, canted magnetic spin structure. These spin contributions are found to influence 

the  overall  magnetic  behaviour  of  the  systems.  It  is  found  that  the  reduced  size  not  only 

influences the macroscopic magnetic property, but also the spin canting angle. The spin canting 

in zinc ferrite can also have contributions from the competition between the antiferromagnetic  

and ferrimagnetic spins. Also the presence of more surface atoms and the variations in cationic 

distribution can contribute to the spin canting in the spinel ferrites.

The neutron diffraction of NiFe2O4 was performed at three different temperatures of 

20 K, 150 K and 300 K. In case of Ni0.5Zn0.5Fe2O4 and ZnFe2O4 samples the experiment was 

carried out at seven different temperatures of 20 K, 50 K, 100 K, 150 K, 200 K, 250 K and 300  

K. From the Rietveld refinement of the neutron diffraction data, it is found that both bond  

lengths and bond angles are slightly varying as the temperature goes from room temperature to  

20 K. This change in the bond parameters will affect the superexchange interactions and thus 

the magnetic moment values.

To study the variation of magnetic properties with particle size, the microstructural and 

magnetic properties of Ni0.5Zn0.5Fe2O4 nanosystems with three different particle sizes were 

investigated. The observation of coercivity and saturation magnetization clearly indicates its 

dependence on particle size. The blocking temperature in ZFC-FC measurements is found to be 

shifted to higher temperatures  with  particle  size,  indicating the dependence  of  the  onset  of 

superparamagnetism with particle size.

Optical limiting properties of these five different spinel ferrite systems were determined 

and compared using open aperture Z-scan technique. All the investigated samples showed good 

optical limiting property. The obtained nonlinearity fits to a two-photon like absorption process. 

Except for NiFe2O4, the observed nonlinearity has contributions from excited state absorption 

which can be explained using the bandgap values obtained from the optical absorption spectra.  

The optical limiting response is also studied against particle size and the nonlinearity is found to 

increase with increasing particle size within the range of our investigations. On comparing the 


