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Photograph of the inert gas condensation cluster deposition source, described in detail in

chapter 3, and with which most of the experimental work in this thesis was performed.
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Summary

An understanding of the dynamical behaviour of adsorbates on surfaces is essential to the

development of materials and devices with controlled structure on the nanometre scale. In

this thesis I examine two systems. The major part of the work concerns the development

of a source of size selected metallic clusters, and the deposition and diffusion of silver

clusters on a highly oriented pyrolytic graphite (HOPG) surface. The Þnal part of the thesis

reports an investigation of electron stimulated desorption of ions from O2 Þlms on HOPG.

In chapter one, I review recent work in cluster physics, concentrating mainly on

experiments with deposited clusters.

Chapter two is a review of techniques used to generate free cluster beams. This

includes examination of the various technologies and techniques involved in cluster

production, beam formation, and mass selection. This chapter also gives a detailed

account of the principles of operation of a gas condensation cluster source. In chapter

three, I present a detailed account of the design, characterisation and commissioning of a

gas condensation cluster source.

Chapter four contains the results of a series of experiments on the deposition and

diffusion of silver clusters on HOPG. The results of landing clusters with controlled kinetic

energy (KE) show that silver clusters deposited with a KE of 400ÊeV or more become

pinned to the surface, whereas clusters deposited with 200ÊeV or less diffuse across the

surface after landing and aggregate into round particles with a ÔuniversalÕ diameter of

~14Ênm. This preferred diameter is attributed to the strain between the silver and

graphite lattices. The deposition rate and the cluster impact angle are also shown to be

important parameters, which strongly inßuence the morphology of the islands. Computer

simulation results indicate that, to produce the observed island size distributions, the

mobility of the particles must fall off rapidly as their size increases.

In chapter Þve, I present results from angular resolved electron stimulated desorption

studies of   O
−,   O2

− and   O3
− produced from ordered Þlms of O2 on HOPG. Resonances in the

yields of all products as a function of electron impact energy are attributed to dissociative

electron attachment, generating   O
− ions, which can react with neighbouring O2 molecules

in the Þlm. Characteristic differences in the ion yield proÞles from one product to another

are explained in terms of a binary collision model, which estimates the KE of the ion

products, and thus the probability of escape from the polarisation potential induced in the

O2 Þlm. The model is consistent with the measured angular distributions of desorbed ions.
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Abbreviations and Acronyms

AFM Atomic force microscope/microscopy

amu Atomic mass units

BSE Back-scattered electron

CRT Cathode ray tube

DA Dissociative attachment

DD Dipolar dissociation

DLA Diffusion-limited aggregation

E-T Everhart-Thornley (electron detector)

EELS Electron energy loss spectrometer/spectrometry

EC Evaporation-condensation (mechanism of diffusion)

ESD Electron stimulated desorption

HOPG Highly oriented pyrolytic graphite

ICB Ionised cluster beam

KE Kinetic energy

LECBD Low energy cluster beam deposition

LEED Low energy electron diffraction

LMIS Liquid metal ion source

ML Monolayer

PACIS Pulsed arc cluster ion source

PD Periphery diffusion

SE Secondary electron

SEM Scanning electron microscope/microscopy

STM Scanning tunnelling microscope/microscopy

UHV Ultra-high vacuum

UPS Ultra-violet photo-electron spectroscopy

VSP Velocity slip parameter

XPS X-ray photo-electron spectroscopy
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