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1 Introduction

Scope

Macroscopic ( ) Bulk

Mesoscopic ( ) cluster and
nanoparticles

Microscopic ( ) atom and molecular
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Size comparisons of nanocrystals with bacteria, viruses, and molecules.

FIGURE 1.2




|1. Nanoparticle
1~100 nm~ 1000 nm
Virus ~10 nm~100 nm
blood cell 200~300 nm

bacteria 200~600 nm
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Size 1s smaller than critical length

 Mean free path or scattering length
e Coherence length

* Energy level spacing >> thermal energy
KT
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CHANGE IN WAl ENCE ENERISY BAND LEVELS
WiTTH BIZE

BULK METAL LARGE METAL SMALL METAL
LALIZTER CLUISTER
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2.1 INTRODUCTION 19
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FIGURE 2.3 Overlap of the fully occupied 2s band with the empty 2p band in beryllium is
responsible for the metallic behavior.
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FIGURE 2.5 Formation of a zero-dimensional (0D) quantum dot by the formal reduction of
dimensions, correlating with the continuing discretization of the energy states,



4.2.1 Magic numbers and structure

1. No. of electrons for an atom

2. No. of atoms for a nanoparticles
The jellium model P75
Density functional theory P78
Molecular orbital theory P78
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d.2. METAL SAN{KILUSTERS
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4.2.2 Theoretical Modeling of Nanoparticles

PROPENTIES OF INDIVIDUSL HNAKGPARTICLES
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4 METALS

TABLE 21 The relation between the total number of atoms in Tull
shiell clusters amd the percentage of surface atoms

Full-shell Clusters Total Wumber Surface Apoms
of Adamis ()

| Shell & 13 92

2 Shells 55 Th

1 Shells 147 63
4 Shells 30 £
5 Shells &h 45
T Shells 1415 15

With FCC structure



Chapter 2 Nanostructure

|.Cluster Fe,Cu S, CH_ Cg Co

n—m’ n-m?’

Magic number  Cyy, Coy, Cogy Capy Cag0 Copr Conr Cr






4.2.3 Geometric Structure

Figure 4.6 (a) The unit cell of bulk aluminum; (b) three possible structures of Als: a

face-centered cubic structure (FCC), an hexagonal close-packed siructure (HCP), and an
icosahedral (ICOS) structura.

Tabile 4.1. Calculated binding energy per atom and atomic

separation in some aluminum nanoparticles compared
with bulk aluminum

Cluster Binding Energy (eV) Al Separation (A)
Al 2.77 2.814
Al~ 3.10 2,75

Bulk Al 3.39 2.86




Structure of Indium nanoparticles
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Figure 4.7. Plot of the ratio of the length of the ¢ axis to the & axis of the tetragonal unit cefl of
indium nanoparticles versus the diameter of nanoparticles. [Plotted from data in A. Yokozeki and
G. D. Stein, J. Appl. Phys. 49, 224 (1978).]



Retragonal

T a g
- s 5|78 g S h e S . 5
= 14nm 8 Ai‘l o 8 £ &, S S
% “/\»—J{JLJ MMJ\MM
Q- 16nm
5 /Lquw e
g 19nm
8 A A Aot \ . A
21nm n (/O?Ublc
bulk J " JL L
| | | v | v | |
30 40 50 60 70 80
Sizda-Ta |(®) Ta (|R308(degree) X —ray spectra of Ta
(nm) [Cubic| Tetragonal
14| 42. 4 57. 6
16 44 . 7 55. 3
19 47 . 8§ 52. 2
21 66. 7 33.3
bullk 200 0

Size dependence of phase compositions



lattice constant of Ta
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Electronic Structure

ERTIES OF INDIVIDUAL NANCPARTICLES

CHANGE IN VALENCE ENERGY BAND LEVELS
WITH SIZE

N

BULK METAL LARGE METAL SMALL METAL
CLUSTER CLUSTER

(a) (b) (€)
ustration of how anergy levels of a metal change when the nu

luced: (a) valence band of bulk metat (b) lange metal clustero
sand gap; (c) small mefal cluster containing three atoms.

Quantum Size Effect :
Energy level spacing >> K T
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Electron affinity
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oV 4.12. Plot of measured electron affinity of copper versus size of nanoparticle.

1. UV photoslectron spectrum in the valence band region of copper |



30 METALS

Ag-clusters: Au-clusters:
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FIGURE 2.10 Absorbance spectra of (a) silver and (b) gold clusters of different sizes.

Reprinted with permission from Handbook of Optical Properties, Vol. 11 (ed Hummel and
Wissmann) 1997. Copyright CRC Press, Boca Rata. Florida, '2



4.2.5 Reactivity
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Figure 4.13. Mass spectrum of Al nanoparticles before (top) and after (bottom) exposur
oxygen gas. [Adapted from R. E. Leuchtner et al., J. Chem. Phys., 91, 2753 (1989).]



4.2.6 Fluctuations

4,2, METAL MAMNOCLUSTERS 87
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Figure 4.15. A series of electron microscope pictures of gold nanoparticles containing approxi-
malely 460 atoms taken at various times showing fluctuation-induced changes in the structure.

(With permission from S. Sugane and H. Koizumi, in Microcluster Physics, Springer, Berlin,

A0 - A8



