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5. Quantum Nature of the Nano-world ( Fundamental of 

Quantum mechanics) 

What is the definition of nanomaterials ?? 

 

(i) Original: “quantum size effect” where the electronic properties of solids are 

altered with great reductions in particle size  

(ii) New (by European Union): On 18 October 2011, the European Commission 

adopted the following definition of a nanomaterial:[2]  

A natural, incidental or manufactured material containing particles, in an 

unbound state or as an aggregate or as an agglomerate and where, for 50% or 

more of the particles in the number size distribution, one or more external 

dimensions is in the size range 1 nm – 100 nm.  

 

 

 
Need to consider the effect of Quantum Mechanics  !! 
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 Elementary Quantum Mechanics 

1. Matter Wave (by de Broglie)  

2. Schrodinger equation 

3. Partical in a box 

4. Hyrdogen atoms 

Matter Wave  

Duality of Light: Wave or Particle 

Wave: Diffraction, EM wave 

 

Particle: Photoelectric effect, Blackbody radiation, Compton effect 
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What did Plank do ??? (Quantization of energy OR Quanta) 

 

 

Classical: kTE   (continuous) 

              

Planck:   nhfE  (discrete), n =0,1 2,3,…. 

 

 

The result is consistent with experimental observation !!! 

 

 Planck’s law:   nhfE  (discrete), n =0,1 2,3,… 

Duality of Matters: 

1. Matter Wave (by de Broglie) 

For a photon, ,E hf pc c f     
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The particle nature of matter(old quantum mechanics) 

Thomson’s model 
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Rutherford’s model of the atom 

In the  particle scattering experiment, a large angle of scattering is observed, which 

can not be observed by Thomson’s model. 

 

 

      
Rutherford model  

 

All the mass and position charge Ze were concentrated in a minute nucleus of the 

atom of diameter 10-14 m and Z electrons must circle the nucleus in some way. 

 

Problem of stability ( planet model ) 

 

Accelerating electrons  electromagnetic radiation  lose energy  atoms will 

collapse to nuclear dimensions ??? 

 

Why are atoms stable ??? -  Bohr’s model 
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Atomic spectra: 
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Bohr’s model 
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Bohr’s postulate  

 

(1) e , nucleus  Coulomb force. 

(2) nL  , 
2
h

  (angular momentum quantized) 

(3) an electron moving in such an orbit doesn’t radiate EM eave total energy is 

conserved.  

(4) Atoms can exist only in certain state, and the frequency f of an emitted photon is 

equal to ( EEhf  ). 

 

From the postulate:  
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Total energy of an atomic electron moving in one of the allowed orbits. 
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For ground state of hydrogen, 1,1  nZ  
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The frequency of the EM radiation emitted when the electron makes a transition:  
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The Bohr’s model can explain the atomic spectra successfully !! 
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De Broglie’s postulate of matter waves 

 

 

For a photon, 
p

h
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De Broglie: (Matter wave)  
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 Wave-like properties of particles (Matter Wave) 

 

 

Revisit Bohr’s model 
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Two slit interference experiment 
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One photon at a time reaches the detector.  

 

3. Heisenberg’s Uncertainty principles: 
  

The more precisely the position is determined, the less precisely the momentum is 

know x p h  �  
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4. Schrodinger equation (1-D)  
E(total)=K(kinetic)+V(potential) 
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Time independent Schrodinger Equation:  
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 Eigenvalue and eigenfunction 

 

Solution of Schrodinger Equation: 

1. Infinite potential well 
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Remark: Comparison with classical results: 

 

 

 

(I) Potential step  
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Remark: 

Classical: no reflection for 0VE   (R=0) 

Quantum : 00  for , (wave property)R E V   

 

 

Case II 0VE  (bound ) 
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(II) Tunneling barrier 
 

   














)(for0

)(0for 

)(0for0

)( 0

IIIax

IIaxV

Ix

xV  

Case I 0VE   

Region I  : 1 1
1

2
( ) ,ik x ik x

I

mE
x Ae Be k   


 

Region II : 


)(2
,)( 0 EVm

DeCex xx
II


     

Region III: 1 1
1

2
( ) ,ik x ik x

III

mE
x Fe Ge k   


 

B.C. axx
x

x 



,0at  continuous bemust ),(   and let k=k1 
























ikaaa

ikaaa

ikFeeCeD

FeDeCe

CDikBikA

DCBA









)()(

 



 17

1
2

20

0

12
2 20

0

2

0 0

1
1 sinh ( )

4 ( )

1
1 ( 2 )

16 ( )

16 (1 ) for 1

a a

a

VFF
T a

AA E V E

V
e e

E V E

E E
e a

V V

 


















           

 
     

  

 

 

 

 

 

 

Example: Scanning Tunneling Microscopy (STM) 

 

 
   From IBM.STM Gallery  
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3. Case 3. Particle in a box (3-D) 
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Hydrogen Atom:  
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Oritabl angular momentum and Space quantization 
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