Senes on e Foundations of Natwal Scence and Techno oy — Wil B

Michael Rieth

World Scientific



Contents

Preface
Chapter 1 Introduction

Chapter 2 Interatomic Potentials
2.1 Quantum Mechanical Treatment of the Many-Particle

Problem . . . . . ... ... . ... . .
2.2 Potential Energy Sweface . .. ................
2.3 Pair Potential Approximation . . . ... ........ -

2.4 Advantages and Limitations of the Pair.Potentia.]

Approximation . . ... ... ... . . ... ... ..., ..
2.5 Phenomenological Potentials . . . ............ ..
2.5.1 DBuckingham Potentials . .. .........., ..
252 MorsePotentials . . ... ............. ..

2.54 Barker Potentials for Krypton and Xenon . . . . . .
26 PseudoPotentials . ......................
2.6.1 Schommers Potential for Aluminium . . . . ... ..
2,7 Many-Body Potentials . . . ..................

Chapter 3 Molecular Dynamics

3.1 Models for Molecular Dynamies Caleulations . . .., , .,

3.1.1 Initial Values . .. ...................
3.1.2 Isothermal Equilibration . . . . ... .........
3.1.3 Boundaries . .. .. e e e e e
3.1.4 Nano-Design and Nano-Construction . . . . ... ..

10
12

13
15
16
17
18
20
22
27
29



x Contents

3.2 Visualization Techniques . . . . ... ... ... ... ... ...
3.3 Solution of the Equations of Motion . . . . .. ... ... ...
331 Verlet Algorithms . .. .......... e
3.3.2 Nordsieck/Gear Predictor-Corrector . . . . . ... ...
3.3.3  Agsessment of the Integration Algorithms . . . . . . ..
334 OtherMethods . . ... .......... e
3.35 Normalized Quantities . . . . . ... .. ... ......
3.4 ZEfficient Force Field Computation . ...............
341 ForceDerivation . ... ... .. ... .. ........

342 ListMethod . ....... ... .. ... ... ....
343 Cell Algorithms. . . .. . . ... .. ... ........
344 SPSMProcedure . . ... ... .. ...
345 Discussion. . .. . . .. . ... .. . e e
3.5 Implementation . . . ... ... ... ........ ... ...,

Chapter 4 Characterization of Nano-Systems
4,1 Thermal Stability . ... ... ... . .. ...

4.2 Basic Material Properties . . . ... .. ... .. .. 0
4.3 Wear at the Nanometer Level . . . . . . ... ... ... .0 ..
44 Mean Values and Correlation Functions . . . . ... ... ...
441 EnsembleTheory............. ... ... ...
4.4.2 Pair Correlation Function . . . . .. ... ... ... ..
4.4.3 Mean-Square Displacement . . . . .. .. ... ... ..
4.4.4 Velocity Auto-Correlation Function .. ....... ..
4.4.5 Generalized Phonon Density of States . . . ... .. ..
446 Structure Factor . ... ... ... ... . ... ..
4.4.7 Additional Remarks . ... ... . ... .. .......

Chapter 5§ Nano-Engineering — Studies and Conclusions
5.1 Punctional Nanostructures . . . . .. ... .. ... ... ..

52 Nano-Machines . . . ... ... ... v
53 Nano-Clusbers . . . . - . v o v v vt it ot et e e
5.3.1 Structural Examinations . . . . .. ... ... .. ...,
5.3.2 Dynamics of the Algyy States. . ... .. .. PR
5.3.3 Influence ofthe: Initial Conditions . .. .........
5.3.4 Influence of the Initial Temperature . . . ... ... ..
5.3.5 Influence of the Crystalline Structure . . .. ... ...
5.3.6 Imfluence of the OQuter Shape and Cluster Size. . . . . .

5.3.7 Influence of the Interaction Potential (Material)



Contents xi

838 Conclusions . . . .. ...... ..., . ... ...... 120
5.4 Stimulated Nano-Cluster Transformations . . . . . [ 122
55 Analogy Considerations . . . ... ................ 125
5.6 The Bifurcation Phenomenon at|the Nanometer Scale ..... 127
57 AnalogiestoBiology . . . . ... . ... 128
5.8 Final Considerations . . . .. ... ......... e 129
Bibliography 133

Index . 139



