
4.2.7 Magnetic cluster

• Magnetized cluster
• Nonmagnetic- magnetic transition 
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Superparamagnetism



Single domain



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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FeSi2 40nm particles

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



Magnetic susceptibility vs. Temperature 
of CoFe2O4 N.P with various sizes

Pure Appl. Chem., 72, 37–45 (2000).

Example



Nonmagnetic- magnetic transition 



4.2.8 Bulk to Nanotransition



4.3 Semiconducting Nanoparticles

• 4.3.1 Optical Properties
• blue shift as size is reduced
• Exciton: bound electron-hole pair,
• Hydrogen-like: energy level spacing
• Light-induced transition



Hydrogen-like: energy level spacing
Light-induced transition



What happens when the size of nanoparticles 
becomes smaller than to the radius of the orbit of 

exciton?

• Weak-confinement 
• size d> radius of electron-hole pair:
• blue shift
• Strong-confinement
• size d< radius of electron-hole pair:
• Motion of the electron and the hole become 

independent, the exciton does not exist



Absorption edge, band gap

exciton



5. Size dependence properties of quantum dots  CdSe –surface
charge density
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4.3.2 Photofragmentation
• Si or Ge can undergo fragmentation under laser light

Dissociate!



4.3.3 Coulombic Explosion





4.4 Rare Gas and Molecular Clusters

• 4.4.1
• Xenon clusters are formed by adiabatic 

expansion of a supersonic jet of the gas 
through a small capillary into a vacuum.

Xenon

Repulsion of electronic core
Dipole attractive potential



4.4.2 Superfluid Clusters

• By supersonic free-jet expansion
• He4 : N=7,10,14,23,30
• He3: N+ 7,10,14,21,30

• Superfluidity:
• He N=64,128
• Fermion has  half-integer spin

Boson has integer spin





superfluid

• When T= 2.2 K lambda point 
• He4 becomes a superfluid, its viscosit

drops to zero







4.5 Method of Synthesis

• 1. RF Plasma
• 2. Chemical Methods
• 3. Thermolysis
• 4. Pulsed Laser Methods



4.5.1 RF Plasma



4.5.2 Chemical Method
Reducing agents



4.5.3. Thermolysis(Thermal
decomposition)

LiN3-> Li



Electron paramagnetic resorance
(EPR)

• EPR measures the energy absorbed when 
electromagnetic radiation such as microwave 
induces a transition between the spin states ms
split by a DC magnetic field.

ms




