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Compton Scattering

Particle nature of photonsParticle nature of photons

E = hν P = h/λ

Einstein’s proposal:

⇒



Wave nature of electronsWave nature of electrons

ν = h/Eλ = h/P

de Broglie’s proposal:
⇒

LEED

e-Gun

Grids

Crystal20 –200 eV

For electrons:
λ (nm) = 1.22/E1/2(eV)



Fundamentals of quantum mechanicsFundamentals of quantum mechanics

1. Quantization

2. Tunneling

3. Statistics 1
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Critical Length scaleCritical Length scale

C. Joachim et al., Nature 408, 541 (2000).
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Atomic Levels

One dimensional size effectOne dimensional size effect



Size effectSize effect

Size 

NanoNanoSciSci LabLab



Ratio of surface atomsRatio of surface atoms
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Enhanced catalytic effectEnhanced catalytic effect



Au nanoparticle as an exampleAu nanoparticle as an example

10 nm

Number of valence electrons (N) contained 
in the particles is roughly 40,000.  Assume 
the Fermi energy (EF) is about 7 eV for Au, 
then

δ ~ 0.22 meV ~ 2.5 K

EF = (ħ2/2m) (3π2n)2/3

g(EF) = (3/2) (n/EF)

δ = 2/[g(EF)V] = (4/3) (EF/N)



Nature 391, 59 (1998).

Electronic Structure of SingleElectronic Structure of Single--wall Nanotubeswall Nanotubes



Optical properties of nanoparticles
(in the infrared range)

(1)Broad-band absorption:
Due mainly to the increased 

normal modes at the surface.

(2) Blue shift:
Due mainly to the bond shortening 

resulted from surface tension.



Optical properties of nanoparticles
(in the visible light range)

(1) Blue shift:
Due mainly to the energy-gap widening 
because of the size effect.

(2) Red shift:
Bond shortening resulted from surface 
tension causes more overlap between 
neighboring electron wavefunctions. 
Valence bands will be broadened and the 
gap becomes narrower.

(3) Enhanced exciton absorption:
Due mainly to the increased probability 
of exciton formation because of the 
confining effect.
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Optical properties



Semiconductor quantum dots

(Reproduced from Quantum Dot Co.)
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Even number of electrons Odd number of electrons

Specific heat and magnetic susceptibilitySpecific heat and magnetic susceptibility

Ce = 4kBβ2∆2exp(-β∆)

χe = 8µ0µB
2βexp(-β∆)

Co = kBβ2∆2exp(-β∆)

χo = µ0µB
2β

Ze ≈ 1+2[1+cosh(2βµBB) exp(-β∆) ]+exp(-2β∆)

Ze ≈ 2[cosh(2βµBB)][1+exp(-β∆)+exp(-β∆’)]
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Varying structures of Ag clustersVarying structures of Ag clusters
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Atomic motion and Atomic motion and recrystallizationrecrystallization

Room TempRoom temperature

NanoNanoSciSci LabLab



DecahedraDecahedra

NanoNanoSciSci LabLab

Classic

Ino’s

Marks’



WulffWulff constructionconstruction

G =   γs(θ,φ) dA

NanNan
oo

SciSci LabLab

γ1
γ2

γs(θ,φ)



Single crystalline structuresSingle crystalline structures

(b) truncated cube 

(e) octahedron 

(a) cube (c) cuboctahedron

(d) truncated octahedron NanoNanoSciSci LabLab



NanoNanoSciSci LabLab

IcosahedraIcosahedra

C.L. Cleveland and Uzi Landman, J. Chem. Phys. 94, 7376 (1991).

Size-dependent structures calculated for Ni clusters:
Icosahedra for 142 – 2300 atoms;
Marks’ decahedra for 2300 – 17000 atoms;
Single crystal for > 17000 atoms.



Stability of crystalline phasesStability of crystalline phases
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T > room temperature
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Mass Analyzer

qV = ½ mv2

F = qvB = mv2/r

m/q = ½ B2r2/V











Reactivity of nanoclusters



Magic clustersMagic clusters



Mackay icosahedraMackay icosahedra

Shell model

N = 1 + Σ (10p2 + 2)

P = 2 P = 3P = 1

20 fcc(111) faces



Icosahedra

Decahedra

Pentagonal pyramid

(8)

(13)

(6)



FullerenesFullerenes

C60 C70 Rb3C60

Tc = 29 K



5 nm

Quantum corral

D.M. Eigler, IBM, Amaden

NanoNanoSciSci LabLab



Artificial atom


