
6.2.3 Arrays of nanoparticles in 
Zeolites

• Zeolites: Cubic mineral 
• (Na2,Ca)Al2Si4)O12.8H20
• Porous materials



Zeolite--Mordenite

• (Ca,Na,K2)(Al2Si10)O24.7H2O
• Orthrorhombic
• Long parrel channels
• With d= 0.6 nm

• Se atoms fill into the channel
• to form chains of single atoms
•



Optical absorption

The electronic structure of Se chains is different from Se crystal



6.2.4 Crystals of metal 
nanoparticles

Chemical reduction !



Chapter 7 Nanostructured
Ferromagnetism



The interaction between atomic 
magnetic moments is of two types:

• 1. Exchange interaction 

Couiomb interaction and exchange interaction for ms=-1/2

2. Dipolar interaction



Magnetization M of a bulk

For T<< Tc



H=0

H>0 



Remnant magnetization, Coercive 
field, Saturation magnetization



7.2 Effect of bulk nanostructuring
on magnetic properties



Superparamagnetism

⇒Monodomain particles
Below 100 nm

⇒Fluctuation of the magnetic moment like in a 
paramagnet

⇒Ferromagnetic particles with moment (Tc is 
high)

⇒Moment dependent on particle volume



此圖為FeSi2奈米粉末的DC磁化率-溫度曲線

FC

ZFC



Temperature dependence of χ

• 1. The temperature of peak value of χ in 
ZFC is defined as the Blocking 
temperature TB。

• 2. χ of ZFC and χ of FC deviate at TB

• 3. Above TB, χ of ZFC and χ of FC are 
overlap. 



Blocking Temperature

kB is the Boltzmann constant
K is the anisotropic constant 
V is the volume of nanoparticle

Analysis of size-dependent blocking temperature
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M-H曲線

• 1. T< TB，Hysteresis appears 
in M-H. Due to thermal energy 
is less than the interactions 
among particles

• 2. T> TB，No hysteresis
appears in M-H. Since thermal 
energy is larger than the 
interactions among particles



Nd2Fe14B  Grain d



7.4 nanopore containment of 
magnetic particles



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



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



7.6 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
• R increases 10 times



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

Fe-Cr

Electron // H has less scattering



Magnetic storage

• 1. Induction coils to induce and read the 
magnetization

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







Colosal magnetoresistance



La-Ca-Mn-O



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


