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"s.ulfll¿BI.

In this thesis ue present calculations of photo-

ionization cross sections for the diatomic rnolecules

N^, O^ and. N0. These are expected'to have irnportant¿¿
as trophysical applicati ons.

The necessary formulae and. the justification of

the one electron approach fcr evaluating electronic

matrix elements for many-electron s¡rstems are given

in CÌ:.epter 1, where an attempt is also matle to survey

briefly the relatively well known fielcl of atomic

calculations. The Chapter concludes with a resume

of previous theoretical work on photo-ionization cross

secti-ons for molecules.

fn Chapters 2 and.7 the electronic wave functions

need.ed. for the evaluation of the natrix elernents are

presented and discussed. It is apparent that approximate

ne thods ¡nust be r:sed for both the initial and final states.

S.C.F.-t.C.À.0.-l'{.0. uave functions are f ou¡d most

convenient for the bourd states and. analytic expressions

for these I1.0.ts are derived for the case cf Slater type

4.0. I s, using prolate spheroidal co-orclinates. For the

fj-rst attempt at calculatiôns of the ct'oss sectÍons,



!'lannery and. Opikts final state rnodel is chosen by

analory with coulonb rvaves which are a first approximation

for atomic calculatÍons.

The first parts of chapter 4 are concerned with the

evaluation of the electronic netrix elements with the

inÍtial and. final states of Chapters 2 ard 1' In tlæ

final part, a calculation of the cross section using

plane wave finaÌ states is presented for a ÍTY eleettont

this approach not being pursued in subseqrænt numerical

v¡ork.

The results of the calculations fcn fixed' nuclei

reveal several interesting features. Each bourd state

orbital type has a characteristic cross section curve and

this is explained.: In the high energy behaviour of ths

cross sections for lTly and. 3l¿ orbitals, we observe

peaks which are interpretecl as the basis of Cohen and'

Fanors trshoulderrr effect. lle also incorporate changes

in the parameters fc¡r fr¡- tl.O.rs and. a]so in the arnorrnt of

hybrid.ization for Cf. I,t.O. rs and d.iscuss their effects.

The inclusion of the vibrational eigenstates is

consid.ered necessary in the evaluation of the cross



section,s near threshold. and in Chapter 6 we develop

formul-ae for the cross section using the Franck-Cordon

factor approximation. comparison with experiÍent reveals

that our apploach is reliable for the llTã, l'ffn *'a 3{t

orbítals of N, and o, (if occupied.)" For the transitions

to or+( d,"i'r*, A'Trn) "n "rrotalous 
eff ect is fourd near

threshold. but for al-l ?-fy anð' 2fa orbitalsr the nodel meets

with a radical failure r+hich is d.iscussed in d.etail. Before

the total cross sections for N, ard o, are discusseil, we

investigate the vatid.ity of the Franck-cond.on factor

approxirnation in the case of photo-ionization of the lIî,

electron (of zero kinetic ettergy) in Or. We find the

variation of the electronic transÍtion moment with inter-

mrclear separation ard reach the conclusion that the Franck-

cord.on factor approxination is valicì. to within a f ew percent.

In Chapter ? we evaluate the electronic rstrix elenents

for the 27f electron of nitric oxíde. \{e fird that nuch

computational work can be avoidecl with an approximate

approach which pro\res reliable near thresholcl'

tr'inallyinChapterSrgeneralconclusionsaregiven

with a d.iscussion of possi.ble nethods for fr¡rther work

in this field.



STATEME_U

This thesi-s contains no naterial which has been

acceptecl for the award. cf any other degree and to the

best of ny-knowlectge and. belief , contains no rnaterial

previously published. or written by another persoa

except where tlue reference is nade in the text.

E. C. flICKI,{EtL



ACICSoIII,EDGnIENTS.

The author would llke to thank Professor C.A. Euret

for his supervlsion ancl encouragement throughout this work

and aÌso for his critieaL "eading 
of the nanuscript. Thanks are

also due to Professor J.H. Carver and. other nernbers of the

.A,tie1airte University Physics De¡nrtnent for nany useful

tliscussions. In partieular, Dr. AoJ. Blake for provlding

cross sections for 0, ancl N, prior to publlcation, llfr. J.L.

Bahr for providing Franck4ondon factors for ionization to

02+ (zi ), antt Mr. Vijay Kumar for providing experinental

results for nitric oxide.

Fu¡ther thanks are d.ue to Dr. G"J. Iverson for val-uable

critlcisns and. help during the earl-ier stages of this work and

also to Dr. Fomest R. Gilnore for providing spectroscopic

constants and potential energy curve d.ata for various'states

of Nr+ ancl Or+. Finally it is a pleasure to aeknowletlge the

r:atiring efforts of Miss N. Ad.ams in her excellent typing of

the nanuscript.




