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Properties of individual nanoparticles



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

EF /N ~ 0.175 meV ~ 2 K,

Considering the thermal broadening, it is 
necessary to have an ultra-low temperature 
STM (ULT-STM) workable at less than 1 K.



WulffWulff constructionconstruction
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Single crystalline structuresSingle crystalline structures

(c) cuboctahedron(b) truncated cube (a) cube
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(e) octahedron (d) truncated octahedron



Icosahedra

Decahedra

Pentagonal pyramid



IcosahedraIcosahedra

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

DhSC

Ic

NanoNanoSciSci LabLab



Atomic motion and Atomic motion and recrystallizationrecrystallization

Room TempRoom temperature
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Stability of crystalline phasesStability of crystalline phases
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Magic clustersMagic clusters



Mackay icosahedraMackay icosahedra

P = 1 P = 2 P = 3

20 fcc(111) faces
Shell model

N = 1 + Σ (10p2 + 2)





Mass Analyzer
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qV = ½ mv2

F = qvB = mv2/r

m/q = ½ B2r2/V











Reactivity of nanoclusters
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Semiconductor quantum dots

(Reproduced from Quantum Dot Co.)



Optical properties



FullerenesFullerenes

C70C60 Rb3C60

Tc = 29 K



NanoNanoSciSci LabLab Quantum corral

5 nm

D.M. Eigler, IBM, Amaden



Artificial atom


