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1. Gutachter: Prof. Dr. Ludger Wöste (Freie Universität Berlin)

2. Gutachter: Prof. Dr. Ulrich Heiz (Universität Ulm)

Datum der Disputation: 06.12.2004



To my family and Torsten





Contents

1 Introduction and Motivation 1

2 Kinetics of Chemical Reactions 5
2.1 Basic Concepts of Reaction Kinetics . . . . . . . . . . . . . . . . . . . 5
2.2 Ion-Molecule Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.2.1 Langevin Theory . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2.2 Lindemann Mechanism . . . . . . . . . . . . . . . . . . . . . . 14
2.2.3 RRK and RRKM Theory . . . . . . . . . . . . . . . . . . . . 17

2.3 Cluster Catalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.3.1 Introduction to Catalysis . . . . . . . . . . . . . . . . . . . . . 20
2.3.2 Nanocatalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3 NeNePo Spectroscopy of Metal Clusters 33
3.1 General Concepts of Molecular Dynamics . . . . . . . . . . . . . . . . 33
3.2 The Principle of NeNePo Spectroscopy . . . . . . . . . . . . . . . . . 38

4 Experimental Setup 45
4.1 Cluster Production and Analysis . . . . . . . . . . . . . . . . . . . . 45

4.1.1 Triple Quadrupole Mass Spectrometer . . . . . . . . . . . . . 47
4.1.2 Octopole Ion Trap . . . . . . . . . . . . . . . . . . . . . . . . 51
4.1.3 Measurement Procedure . . . . . . . . . . . . . . . . . . . . . 57

4.2 Laser System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
4.2.1 Generation and Characterization of a fs-Laser Pulse: Oscillator

and Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
4.2.2 Optical Parametric Amplifier . . . . . . . . . . . . . . . . . . 65
4.2.3 Pump-Probe Setup and Measurement Procedure . . . . . . . . 68

5 Reactivity of Small Gold Clusters: Results and Discussion 75
5.1 Reactions of Gold Cations with O2 and CO . . . . . . . . . . . . . . 75
5.2 Reactions of Gold Anions with O2 . . . . . . . . . . . . . . . . . . . . 84
5.3 Reactions of Gold Anions with CO . . . . . . . . . . . . . . . . . . . 98
5.4 Reactions of Gold Anions with O2 and CO . . . . . . . . . . . . . . . 115

v



vi Contents

5.5 Catalytic Oxidation of CO by Au−
2 Clusters . . . . . . . . . . . . . . 120

5.6 Influence of the Chemical Composition on the Cluster Reactivity . . . 143

6 fs-Dynamics of Small Gold Clusters: Results and Discussion 153
6.1 NeNePo Spectroscopy on Au−

2 Clusters . . . . . . . . . . . . . . . . . 154
6.2 NeNePo Spectroscopy on Au−

3 Clusters . . . . . . . . . . . . . . . . . 164
6.3 Reactive NeNePo Spectroscopy . . . . . . . . . . . . . . . . . . . . . 174

6.3.1 Photodetachment of Au2O
−
2 and Au2CO−

3 Cluster-Adsorbate
Complexes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

7 Conclusion and Outlook– Zusammenfassung und Ausblick 183
7.1 Conclusion and Outlook . . . . . . . . . . . . . . . . . . . . . . . . . 183
7.2 Zusammenfassung und Ausblick . . . . . . . . . . . . . . . . . . . . . 187

List of Figures 191

Bibliography 197

Acknowledgements 209

List of Publications 211


