Absolute Electron Scattering Cross
Sections for the CF9 Radical

Leigh R. Hargreaves, B.Sc. (Hons.)

A thesis presented for the degree of Doctor of Philosophy

School of Chemistry, Physics and Earth Sciences
Faculty of Science and Engineering

Flinders University

April, 2008



Contents

Summary
Declaration
Acknowledgements

1 Introduction
1.1 Technological Plasmas and The Role of the CFy Radical . . . . .
1.2 Review of Literature for the CFy Radical . . . . . . ... ... ..
1.2.1  Spectroscopy of the CFy Radical . . . . ... ... .. ..
1.2.2  Electron Interactions with the CFy Radical . . . . . . . ..
1.3 Current Work . . . . . . . ...

2 Experiment Details
2.1 Vacuum System . . . . . . ...
2.1.1  Programmable Logic Controller . . . . . . . ... ... ..
2.2 Pulsed Gas Source . . . . . ...
221 Pulsednozzle . . . . . ... Lo
2.2.2 Pyrolysis Nozzle . . . . . . . .. .. ... ... ..
2.3 Electron Monochromator and Detectors . . . . . . . . .. .. ...
2.3.1 Electron Monochromator . . . . . . .. .. ... ... ...
2.3.2  Electron Detectors . . . . . .. .. ...
2.3.3 Data Acquisition and Analysis Protocols . . . . . ... ..
2.4  Time-of-Flight Mass Spectrometer . . . . . . . . .. ... .. ...
2.4.1 Ton Extractors. . . . . . .. . ... L.

2.4.2 Photoionisation Source . . . . . . . . .. ...

o N &~ &~ = -



i

2.4.3 lon Detectors . . . . . . . . .. ... ... 63

2.4.4 Data Acquisition and Analysis . . . . . .. ... ... ... 64

3 Normalisation Methods 67
3.1 Introduction . . . . . . . . ... ... 67
3.2 Skimmed Supersonic Relative Density Method (SSRDM) . . . . . 68
3.2.1 Pressure Rise Method . . . . .. ... .. ... ...... 71

3.2.2 Transmission Method . . . . . . . ... ... ... ... .. 74

4 Results and Discussion 79
4.1 Differential Cross Sections for Monatomics . . . . . . . . ... .. 79
4.1.1 Ar ..o 80

4.2 Differential Cross Sections for Polyatomics . . . . . . . ... . .. 85
421 CFy .. 86

422 CFsBr . . . . ... 91

423 CyFyq . . . o 92

424 900°C CoFy o 0 o oo 101

4.3 CFy Production . . . . . . . . .. 104
4.3.1 Decomposition Efficiency of CoF, . . . . . . . ... .. .. 104

4.3.2 Stagnation Pressure Mismatch . . . . . ... ... ... .. 108

4.4 Differential Cross Sections for CFy radicals . . . . . . . . ... .. 109
4.4.1 Comparison With Theory . . . . .. ... ... ... ... 111

5 Conclusions and Future Work 124
Appendices 127
A Photolytic Radical Source 127
A.1 Introduction . . . . . . . . . . . ... 127
A.2 Photolysis Characterisations . . . . . . . .. .. .. ... ..... 131

B Auto-Tuning Algorithm 139
C Calibration Data 145

C.1 Gas Pulse Width . . . . . . . . . . 145



C.2 Electron Scattering Energy Resolution . . . . . .. ... ... ..

C.3 TOFMS Characterisations

References

1l



v

Summary

This thesis describes an experimental study of elastic electron scattering from
CF, radicals, in the intermediate energy regime. Measurements of the absolute
differential, integral and momentum transfer cross sections for CFy are presented.
These measurements were performed using a new crossed beam spectrometer,
incorporating a supersonic gas source and normalised using a new technique,
with both of these features being extensively developed as a major part of this

study.

The organisation of this thesis is as follows: A brief justification for this research
is presented in Chapter 1, together with a review of the spectroscopy and
electron collision cross sections which are currently available for the CFy radical.
The crossed beamed apparatus and experimental techniques used to perform the
present cross section measurements are then described in detail in Chapter 2, and
the theory behind the new normalisation technique is subsequently presented in

Chapter 3.

Results from the present study are given in Chapter 4. Firstly, differential cross
sections measurements for stable molecules are presented, to validate the new
normalisation method. Characterisation data for the dissociation dynamics of
CyFy4 into CFy radicals are then presented and, finally, differential cross section
measurements for the CFy radical are explored. Where possible, the measured
data for CFy are compared against results from theoretical calculations and the
implications of the present results are discussed. The major findings of this
research are then summarised in Chapter 5, and directions for future research
using the present apparatus are also discussed here. Finally, some additional
findings from this research and calibration data for the current apparatus are

given in the appendices.
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