
Chapter 7 Nanostructured
Ferromagnetism

M=0

M≠0



The interaction between atomic magnetic 
moments is of two types:

• 1. Exchange interaction

2. Dipolar interaction

Heisenberg model of magnetism E= J
S1.S2
J>0  is antiferromagnetism
J <0 is ferromagnetism



1. Exchange interaction



Magnetization M of a bulk

For T<< Tc Tc is Curie temperature

Is the total magnetic moment per unit volume



H=0

H>0 



Remnant magnetization, Coercive field, 
Saturation magnetization

Hysteresis (loop)
CGS   M(emu/g)

H(oersted)

Mr : remnant magnetization
Ms: Saturation magnetization
Hc: Coercive field



The amount of energy loss meaning the amount of 
heat generated is proportional to the area of loop

7.2 Effect of bulk nanostructuring
on magnetic properties

Soft magnet Hc->0

Hard magnet Hc> 0





Nd2Fe14B  Grain d





7.4. nanopore containment of 
magnetic nanowires



Fabrication of Fe Nanowire Arrays

AluminumAluminum

anodize
electropolish
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+ -
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barrier 
layer

NaOH

Sputter Au

Electrodeposition of Fe



Size dependence of magnetization in Fe nanowires

70nm Al nanowires
CuSO4.5H2O , 
pH~2

Cu nanowire

AAO method



Fe

Fe nanowire ~200 nm
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Fe nanowire ~60 nm

Fe



Normalized (M/Ms)-H



Fe nanowire array ~60nmMagnetic texture of nanowire arrays



7.5 Nanocarbon ferromagnets



Quantum size effects量子尺寸效應：

Electronic quantum size effect :  電子結構改變與
能階劈裂。

Quantum size effects

Phonon quanum size effect :  聲子與表面積之改變。



Nanoparticle：

Bessel Fun

Wave mode:
Spherical Bessel Function

Phonon quanum size effect :  聲子與表面積之改變。



聲子量子尺寸效應 :  聲子與表面積之改變。

聲子量子尺寸效應 :  聲子與表面積之改變。

Y.Y. Chen etc, PRB 52, 9364, 1995

Bulk：
C=γT+βT3

Nano
C/T

T2



εF~ 104 K

δ

Bulk Pd  δ ~10e-30K
80 Å Pd  δ ~ 0.5K
No. of atoms~ 8000

Electronic quantum size effect :  電子結構改變與
能階劈裂。



Magnetic field

電子量子尺寸效應 :  
電子結構改變與能階劈裂

H=0 H>0



C(T) Nano

Y.Y. Chen, LT21 Proceeding 2369 Aug.1996

Partition of C(T)

C =γT2
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7.6 Giant and colossal 
magnetoresistan

• Metal:
• 1. The conduction electrons being forced 

to move in helical trajectories about an 
applied magnetic field.

• 2. Field curves the electron trajectory 
within a length of its mean free path

• Cu at 4 K with H=10 T , resistance R 
increases 10 times



Giant magnetoresistance (GMR)

Electron // H has less scattering



Giant magnetoresistance (GMR)
Alternate layers of FM and Non-FM

Fe-Cr

Electron // H has less scattering



Giant magnetoresistance (GMR)

Fe-Cr

Electron // H has less scattering



Colossal magnetoresistance (CMR)

LaMnO3



Colosal magnetoresistance



La-Ca-Mn-O



Magnetic storage

• 1. Induction coils to induce and read the 
magnetization

• 2. The magnetoresistive reading is more 
sensitive than Induction coils



Magnetic storage

• 1. Induction coils to induce and read the 
magnetization

• 2. The magnetoresistive reading is more 
sensitive than Induction coils





7.7 Ferrofluids

• 1. Nanoparticles are single domain ~ 10 
nm

• 2. Coated with a surfacetant to prevent 
aggregation

• 3. Suspended in a liquid of transformer oil 
or Kersene



Magnetic-field-dependent 
anisotropic optical properties



H // Surface



H is perpendicula to the surface




