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SUMMARY

=S

The thesis describes an experimental and theoretical investigation
of the beheviour of free radicels in irradiated orgenic single cexrystals.
Attention is confined to problems concerned in the production and post-
irradiation behaviour of free radicals as distinet from previous work
which has been concerned mainly with problems of thelr identification and
interpretation of their ESR spectra. The work centres around the problem
a8 to whether mobile hydrogen atom vacancies play a role of any importance
in free radical behaviour and especially in their thermal annealing. In
this regard the literature has been veviewed and a search made for evidence
implicitly related to this question. The necessary and reasonable con-
sequences of the hydrogen atom vacancy being readily mobile have been
analysed in some detail to provide o guide to experiments aimed at the
verification of this hypothesis. A by-product of this part of the work
is the proposal of a new and convenient nomenclature for complex organic
radlcals.

The thesis describes apparatus designed end constructed in the course
of this work, the most important of which is a variable temperature cavity
enabling the thermal behaviour of free radicals to be observed at elevated
temperatures.

Experimental studies showed the productlion rates of free radicals and
their rates of thermal annealing to be quite reproducible from specimen to
specimen to an extent indeed, beyond what one expects for reactions in the
s0lid state. The kinetics of free radical thermal desiruction was in-
vestigated in selected systems; reaction kinetios were found to be usually
second-order; activation energies were neasured where possible, Selected

cases were examined for the deuterium isotope effect on reaction rates



which was found in two instances. Several gystems were exanined by means
of differential infraved spectroscopy for evidence of the phenomenon known
as "igotopic nmixing". This was found to occur in one case (viz 00' -
didenterosuccinic acid single crystal) o such an extent that it is eanily
observed in the infrared spectrs. Other techniques (namely diffevential
thermal analysis, free radical production by hydrogen atom bombardment and
macroscopic diffusion messurements) were employed on ascount of their
relevence to these problems.

The general conclusion of the thesis is that the hydrogan atom vacancy
probably does play a uajor role in posteirradiation behaviour of orgyzic
free radical phenomena. The best new evidence brought forward, far?ieaat
the occasional relevance of this mechanism, is the abovementioned occurence
of large secale isotople mixing in partially deuterated suscinic acid single
crystal. However, it seems likely from the evidence that it is not the
sole mechanism which provides the rediecal state mobllity necessary to
explain the thermal annealing of free radicals at moderate temperatures.



PREFACE -

The text of this thesis, exceyt where due refersnce is made, describes
the original and perscnal work of the author which was carried out between
January, 1964, and September, 1968, in the Physics Department of the
University of Adelaide., No materizl contained in this thesis has been
submitted for a degree or diploma in this or any other university.

D.R. Cutten
Ootober, 1968



ACKROWLEDGEMENTS

I wish to thank Dr. L.G. Ericeon and Dr. S.G. Tomlin for their
supervisien of this work, In particular I wish to thank Dr. Ericson
for his stimulating suggestions and critioal discussions for guiding
this work. Special thanks must go to Dr. H. Battasexd of I.C.I.A.N.Z.
Laboratories, Melbourne, and Mr. ¥. Comniok of D.S.L., Melbourne, for
kindly running samples on their Differential Thermsl Analysis equipment
and to the Department of Organic Chemistry for allowing the use of their
Perkin-Elmer spectrophotometer.

The drawings in this thesis were prepared by Miss H. Barrow and
the photographs were prepared by Mr. G. Tomlineom and Mr. G. Tonkin ef
the Photography Department and I am grateful $o them for the time they
80 labourdiocusly spemt.

The niorowave cuvities and associated apparatus were constructed by
Mr. D. Ellis, the X-roy esguipment was rebuilt by Mr. P. Sshsbela, snd the
eleotronic circuits for the ESR spectrometer were built by Mr. A. Ewart.
I wish to thank all of them for the sxoellent work which they carried out.

I am indebted to A.I.N.S5.E. for financial assistance in obtaining
equipnent and for air fares to Sydnay to allow me to use the
Y= irradiatiom faoilities at A.A.E.C.; luocas Heights and to the Commonwealth
Govermment of Australia for a Post-graduate Award from 1964 to 1967.



coRmTS

CHAPTER 1 » INTRODUCTION
1.1 Historical Review

1.2 Rationsle of these Investigations

2.1 Introduction

2.2 The Hypothezis snd its Predictions
2.3 Free Radiocsl Nomenclature

3.1 Intreduoction

3.2 Microwave Resonant Cavities
3.2.1 General Purpose Cavity
3.2.2 Double Cavity
3+3 Method of Heating Cavities
3.4 Variable Temperature Resonant Cavities
3.4.1 High Temperature Cavity
3.4.2 Low Temperature Cavity
3.5 Choice of Radiation for Kinetics Studies
3.6 Preperation of Crystals

CHAPT:R 4 3 FRFE RADICAL REACTIONS

4.1 Introduction

4.2 Selection of Systems for Study

4.3 Reproducibility of the Free Radical Reaction Rates
4.3.1 Eethods for Comparing Reaction Rates
4.3.2 Results and Discussion

4,4 Reaction Kinectilecs

Pege

11

15
15
26

39
35
42

47
52



4.5

4.6

4.4.1 Experimental Procedure

4.4.2 Results

Actlivation Enexgy of the Free Radical Reaction
4.5.1 Hethods of Determining Activation Energies
4.5.2 Results

Other Aspects of Free Radical Reactions

CHAPPER 5 1 ISOTOPIC PHENOMENA

5.1
5.2

5.3

Intxoduction

Kinetic Isotope Effect and the Free Radical
Reaction Rate

5.2.1 Results

Isotopic !ixing as Evidence for Radicel State
Migration

5¢3.1 Experimental Method
5¢3.2 Results

CHAPYER 6 : OTHER INVESTIGATIONS

6.1 Introduction

6.2 Fydrogen Atom Bombardment

6.3 Macroscopic Diffusion of the Radical State
6.4 Differentiasl Thermal Analysis

6.5 Other Obgervations

CHAPTER 7 3 GENERAL DISCUSSION

7.1  Introduction

7.2 Reproducibility of Free Radieal Reactions

Page

53

61
62

70

74
(1
76

92
92



7+3 Reaction Kinetlcs and Activation Energles

T+.4 Deunterium Isotope Effect

7+5 I- and H- Radical Reaotions

7.6 Isotopic Mixing

77 Free Badionl Fairs

7.8 Macroscopic Diffusion

7.9 Overall Conoclusions and Avenuss for Future
Work

Appendix A - The ESR Spectrometer

Appeiflix B - Cirouits of Modifications to ISR

Appendix C

Spectrometer

the B8R Spectrum

Bibliography

Mesourement of Radical Concentration from

92
94
25
97
103
107

107
109

110

1M1

113





