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Why magnetic nanomaterials for biomedicine?

?
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Class 2a

Understanding SAR and searching for high performance nanomaterials

zinc-doped magnetite nanoparticles and ferrofluids for hyperthermia 
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Magnetic Nanocomposites. 
Examples:
•Ferrofluids
•Virus/NPs complexes
•Ferrogels: magnetic hydrogels
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A brief introduction to nanomaterials magnetic state:

Exchange interaction
Magnetic anisotropy
Magnetostatic energy: dipolar interaction
Zeeman interaction: response to an applied field



Magnetic Anisotropy  – phenomenological description

eK : anisotropy energy
per volume unity
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Surface anisotropy in nanoparticles



Single domain NPs

Uniaxial anisotropy

Stoner – Wohlfarth Model
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E.C. Stoner y E.P. Wohlfarth, IEEE Transactions on Magnetics 27, 3475-3518 (1991)
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Stoner – Wohlfarth Model
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Stoner – Wohlfarth Model
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Extending the Stoner – Wohlfarth Model
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Ferrogel of maghemite NP (8 nm) in PVA hydrogel, Mendoza Zélis et al.

Extending the Stoner – Wohlfarth Model

Coercive Field Temperature Dependence



Two levels model
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Two levels model
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D18 nm

f=2.6e4 Hz

Behavior at Radiofrecuency 

Two levels model



Magnetostatic Energy (dipolar interactions)
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Demagnetizing factors



Demagnetizing Factors– references

Formulae, tables y graphs for demagnetizing factors, Chen et al. IEEE Trans. Magnetics 

27, 3601-19 (1991)

Demagnetizing Field y Magnetic Measurements, J.A. Brug y W.P. Wolf, J.Appl.Phys. 57, 

4685-701 (1985)

Demagnetizing factors calculations, 

http://magnet.atp.tuwien.ac.at/dittrich/?http://magnet.atp.tuwien.ac.at/dittrich/content/tool

s/magnetostatics/streufeld.htm
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Paramagnetism
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Superparamagnetism
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“Interacting Superparamagnets” 

Dipolar Interactions

F.H. Sánchez



et al.
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Vogel-Fulcher law

Other propositions
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Analysis  of an interacting superparamagnet with theoretical expressions 
valid for non interacting systems (Langevin)
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Analysis  of an interacting superparamagnet with theoretical expressions 
valid for non interacting systems (Langevin)



Dipolar interactions

Hypothesis: dipolar interactions give rise to an aparent higher temperature
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Allia et al. show that when a NP moments distribution exists former expression becomes:
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Demagnetizing factor NDef in samples with disperse 
magnetic NPs

F.H. Sánchez, unpublished
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Demagnetizing factor NDef in samples with disperse magnetic NPs
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Identical NPs: .,6/,1;3 etcDV  
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.,6/,1;3 etcDV  using

SSpp VMMV 3  “global” sample magnetization

Volume per particle
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Aproximation done: MM S

iSi  
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Determined by shapeDetermined by shape and 
NP dilution
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1. NPs homogeneously distributed. ND is the 
demagnetizing factor which corresponde to 
sample shape. 

2. NPs are aggregated in clusters, and clusters do 
not interact among them. ND is the demagnetizing 
factor which corresponds to cluster average shape. 

3. NPs are aggregated in clusters, and clusters interact 
among them. ND is the demagnetizing factor which 
corresponds both to sample shape and to cluster 
average shape. 
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Cases of interest



Case of interest 3
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3. NPs are aggregated in clusters, and clusters interact 
among them. ND is the demagnetizing factor which 
corresponds both to sample shape and to cluster 
average shape. 
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This is the sought result, it gives the dependency of the effective 
demagnetizing factor in terms of cluster and sample ones, and the 
characteristic distances (dilution factors) of the problem.
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Continuous NPs distribution  

1;1  ECIC Continuous Material

muestra
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Particular cases
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Cluster with almost no interior demagnetizing field
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Clusters of random shape with orientations randomly distributed. 
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If sample does not present demagnetizing effect
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Relationship between 
DDef NandN
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Other considerations
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Sample Magnetization
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SM
pSMy            are measured. The dilution factors product can be estimated:



81

For an isotropic clusters orientation distribution
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Analysis with Langevin model. 
Comparison with Allia’s proposition
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Measured susceptibility of magnetic phase. 
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For a sample with a distribution of NP moment sizes, Allia shows
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Measuring M vs. H at several temperatures, and plotting / vs. T/MS
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If there are clusters, SM
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Assuming a uniform distribution of NPs
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Estimation of  from FG density and mass 
concentration of Fe oxide  x, assuming a uniform 

distribution of NPs
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Diet  and magnetic materials …
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Dipolar Energy 
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