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Nanotechnology 
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A. Enders, et al. (2010) 

Relevant length scales in magnetism 
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Nanotechnology 

 

 

Creation of functional (novel) materials, devices and systems through 

control of matter on nanometer length scale ~ 1-100 nm range.  

Motivations in nanoscience is to understand how materials 

behave when sample sizes are close to atomic dimensions. 

There is plenty of room at the bottom. 

 

 

When characteristic length scale of microstructure is 1-100 nm it 

becomes comparable with the critical length scales of physical 

phenomena –so called “size and shape effects”. 

 

 

 

 

 

The deviation of properties of nanoscale materials from bulk materials 

properties are due to “ surface effects ”. 
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History 

Magnetism is one  of the  oldest  scientific  disciplines, but one also at the forefront of the  

emerging  nanotechnology era. 

De Magnete, published in 1600 
 by William Gilbert 

S. D. Bader (2006) 

Vortex structure of submicron ferromagnetic 
dot of permalloy 
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S. D. Bader (2006) 
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Nanomagnetism in Technology 
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Ultra High Density Media (Hard Disk Drive) 
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Magnetic recording media 

2004 

2002 

2006 

2008 

2010 

2012:  4.4 nm x 4.4 nm 

50 nm 

400 nm 

The Incredible Shrinking Bit! 

Predicted Relative Sizes of HDD Storage Bits 
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CoPt 
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* Looking for materials with higher spin-orbit coupling 



4/25/2013 14 

Ultrastrong Permanent Magnet 
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Exchange spring (Hard-Soft  Nanocomposite) 

Soft FM 

Hard FM 

Hard FM 

Soft FM 
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Spintronics (Nobel Prize 2007) 
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Spin Transistor 
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Spintronic solar Cell 
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Magnetic nanoparticles 

1- Superparamagnetic Iron Oxide Nanoparticles (SPION) 

 

 

 
 Spinel Ferrites,   MFe2O4 

                       

                       
 

M= Fe, Mn, Co, Ni, Zn  

2- Transition metals  and some alloys 

 

    Fe, Co, Ni, FeCo, FeNi, FePt,….     
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The magnetic properties of nanoparticles are determined by 

the: 
 

 

 

 1-Chemical composition  
 

 

 

 

 2- Particle shape 

 

 

 

 3- Particle size 

 

 

 

 

4-Size distribution 

 

 
 

N. Lee, et al, Nano. Lett, (2012) . 
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Applications of magnetic nanoparticles 

 
 

Ferrofluids 

 

 

 

Biosensors 

 

 

  

Contrast enhancement agents for MRI 

 

 

 

 

Hyperthermia 

 

… 
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Magnetic hyperthermia 

Tumor 

Ac magnetic field 

Heat generation and 

hyperthermia 

 magnetic nanoparticle injection 
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The effect of dipole interactions on magnetic 

losses 

25 

MFe2O4 (M=Mg,Ni,Co) 

positive 
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The effect of dipole interactions on magnetic losses 

Negative 
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positive 

Ag2 

P= µ
0
 χ″ f H

2  
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R. Zachary,  Materials today ,14(2011)330. 

Nanotechnology Newsletter, 170 (2011) 

By using ferrite nanoparticles the MRI 

 image Contrast is modified considerably. 
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Nanomagnetism in Science 
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Magnetic Nanoparticles 
 

 
 

a) Surface effects 

b) Finite size effects 

The magnetic  properties of magnetic nanoparticles have considerable deviations from bulk 

behavior due to the: 
 

FM 

Co : 1.6  nm 

60% of atoms are on surface 

r 

rV

S 1

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 Surface induced suppression of magnetization 

Core 

shell 

Mc#0 

Ms~0 

B. Asli, P. Kameli, et al, J.MMM(2010).  

Core-Shell Model 

Some relevant Surface effects in the magnetic  

properties of  magnetic fine particles: 

MnFe2O4 nanoparticles  
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A.  Rostamnejadi,et al. unpublisheded. 
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Exchange bias 
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Exchange bias read head  

spin valve (GMR read head) 
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AFM  

FM 

Ni/NiO , Co/CoO , … 

Exchange bias in nanoparticles 

V. Skumryev, et al., Nature, 2003 
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Exchange bias in LaFeO3  AFM nanoparticles  

                         

AFM nanoparticles 

H. Ahmadvand, et al. J. Phys D: Applied Physics(2010). 
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Superparamagnetism 
 

 typical values for rc : 

Fe  Co manganites         

15 nm 35 nm 80 nm 

Adv. Chem. Phys. 98,(1997) 283. 

Mater. Sci. Forum. 235–238 (1997) 831. 

Some relevant finite size effects in the magnetic properties of  magnetic fine 

particles: 
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M. Eshraghi, P. Kameli, Current Applied Physics (2011). 
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Change of magnetic state 

La0.45Sr0.55MnO3 nanoparticles 

S1: ~ 30 nm- FM 

S2: ~ 150 nm- AFM 

A.  Rostamnejadi et al. Submitted 

T. Zhang, PRB(2007) 
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 La1-x Sr x MnO3 

 Nature 423(2003) 965. 

Perovskite manganites 

1 3x x
R A M n O



(R= La, Nd,..., A= Sr, Ca,…) 
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 Nature 416(2002)518. 
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La0.5Ca0.5 MnO3     Manganite 

First order phase transition 
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Surprising magnetism!? 

A. Sundaresan (2008) 
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Thank you for your attention 


