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Figure 11. (a) ESR results on Zn0.7Ni0.3Fe2O4 ferrite NPs at a microwave frequenyfrequency of 9.45 GHz, in the 102–-473 
temperature range [22]. Signals were normalized to have the same value for the maximum (section of the resonance signal 
for H<Hres) to facilitate comparisons; (b) temperature behavior of the line width (peak to peak value) [23]. 
 
In order to fulfill the resonance conditions (Larmor equation), a smaller external field is required. In the paramagnetic state, 
thermal energy has overwhelmed the exchange coupling, and the resonance field is identical to the applied field. On the 
other hand, it is interesting to note again that in the SPM state, the exchange interaction is fully effective, and it remains 
active up to the Curie transition.  
 
In SPM phases, Hanis should be small and decreasing as T increases and thermal energy progressively overwhelms it, but it 
certainly retains some influence, especially at temperatures close to TB. The transition from the ordered (ferrimagnetic) to the 
SPM phase is essentially continuous. This is more evident in the H>Hres section of the resonance signal, as this section 
exhibits a larger broadening and becomes asymmetric. As we will see, this section of the signal is also associated with the 
magnetocrystalline anisotropy in the case of ferrimagnetic phases.  
 

 
 
Figure 12. (a) Definition of the R symmetry parameter, as the ratio of resonance signal amplitude LA (H>Hres) to LB (H<Hres); 
(b) behavior of R for the measured temperature range [23]. 
 
As an attempt to get more insight into the changes associated with the SPM phase, we have proposed a parameter R, which 
measures the symmetry of the resonance signal. This parameter is defined as the ratio R = A-/A+, between the amplitude of 
the section in the negative part of the spectrum, A-, to and the amplitude of the positive part, A+, as shown in Figure 12. In 
many ferrite NPs, R has been observed to tend to unity as temperature increases and the ferrite progresses to the 
paramagnetic phase.  
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