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1 . Introductiqn

The role of Lonizing Rydberg states in the photoionizat ion of atoics and niolecul^s

at threshold has rtceived considerable p ^ t e n t i o n recent ly both theoret ic . i l ly1"' **

and experinentally1 "". It is well known from photoionizatioi: e f f i t iency curvcs

of molecu les tliat autoionizat.• jn o f t e n predooiinatcs and thus Steps, whict i iire

u s u a l l y a i L r i b u i e d to direct ionizat ion, are not . ipparent . TiTom p h o t ü i o i . i z a t ion

e f f i c i e n c y curves , however, the f i r . i l statcs - the ion s ta tes to wh ich the i o n i v i n g

Rydberg statcs ionize - are not knowii.

Photi-electron spectroscopy (PES) on the other band enables une Lo dctcrciinc the

locations of the ion states themselves and fron the i n t e n s i t y d a t j , corrected

for ana lys t r transmission funct ion and angular e f f e c t s , tho h r a r m h j n ^ r a t l o s ,

or the d is t r ibut ion of f i n a l electronic states of the ion pr^duced cor rüapond in j . ' ,

to the par t i cu lc i r exciting photon wavelength uscd can be obt ained'' '~-n\n a d d i t i m i ,

wi th B u f f i c i e n t resolut ion, t he vibrat ional i n t e n s i t y d i s t r i b u t i o n w i t h i n eacl i

e l tc t ronic s ta tes c:an be determined.

In general, PES studies are made using 2 1 . 2 eV or 40.8 eV rnd ia t ion to ioniz.e

the m c l e c u l e s and several such experiments have been performed in high reso lu t iun

on n i t r o g e n 3 1 ' ^ 2 , !n order to study the wavelength dependence u£ the branching

rat ios for nitrogen several authors have employed the dispersed r ad i a t i on emanatinj. ' .

f rom a continuous or many line radiat ion source 3 ' . Frora such a tud ies , and in

pa r t i cu l a r t o r the case of 0„15 i t was fou i :d that the branching ra t i cs obtaint-d

whcn the incident radiat ion excites an ioriizing R y d h e r g s t a t e U-LTB o f t en . s t ro i i f . l v

e f fec ted along uith the v\ ' irational distributions obsi;rved. A d ^ t o i l c d s tudy uf the

role of autoionization in photoionizatioa by means of PFS at photon cnergies corre-

sponding to well known Rydberg s tates has been carr ied out in the casc oi hydrogen

and nitrogen.1 From this study it appears that the roli? ui au to ion i za t i on d i f f t - r s
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for the two raolecules involved, That is, for hydrogun, vibrational relaxation

o£ the Rydberg core scems to govern the choice of exit channrls whilc for

nitrogen two elcctron processes, configuration interaction, appears to dorni-

nate. In all of the PES studies ciade on nitrogen to datc, photoionization

has been studied at various energies above the particular ionizatiun threshulds,

Calculations using muliichannel qu;mtum defect theory (MQDT)1"" have shuwn

that an ionizing Rydberg state which lies in the vicinity ui the tliresnold

of the ion state to whir'. it decays can strongly interact with the cantinuum

and that the designation "dircct ionization" and "antoionization" eease to

be meaningful. That is, the photoior.ization cros;, section is not simply ihu

s um uf two processes but instead must be viewed äs an entity in itself

which is defined by more or fewer parameter depending on the numbcr and

nature of states which are in the ränge of the cxciting r^diatiun. For the

rare gases, this effect has been calculated-"^'15 and mc.isurtd in det.iil uvur

the ränge 0-50 meV above the threshold in ^hotcäonization:":'. txper ir.-.cntal

studies have been also carried out in the case of molecular hydrogen.:" >'* ''•

The primary intent of the present study is thus to measure the photoioninatiou

cross sections to the vibrational levels of the X ZY* A 2H and H;';+ statt-s
"g u -u

of N and to coropare the re la t ive amounts of both the e l e c t r u n i c s ta t t - s

pruduced ar.d the v ibra t ional d i s t r ibu t ions w i t h i n these s ta tes w i t h t h r re-

Sblts of photoelectron s p c c t r o s c o p y , pho to io s t u d i e s iind p h o t o n b ^ ' i pt i i.n

s tudies in order to de te rmine Lhe n;i ture of thi> p h o t o i o n i z a t i o n prcc t 'HK .u

th resho ld .

2 . Expt'rimental

The preserit exper Lments uere carried out at the Deutsches E lek t r iH iu i i -Sy iK 'h ro t ro i i

DESY in Hamburg, CJermany. Synchrotron r.-idiatior. f r o f f l tlie s torage r ing DOKIS w;is

d i spersed wi th a 3 meter scanning vacuum - j l t r av io lc t m o m i c h r o m a t o r use<i .st a

resolut ion of 0 .15 S fü l l wid th at half max imum (rWHfl) -^ . Thu rad ia t ion ernannt ing

from the exi t slit of the monochromntor is c a l c u l a t e d to be more than 98 Z po la-

r ized but becausc the present electron measureuicnt s werc made w i t h a very na r row

bandwid th at L h r e a h o . d ( the electrons have zcro k ine t i c energy) the e f f e c t oi t ':f

polarizat ion. i:-, esti .:ated to be small2 ! l . The abso lu te wavelt!ii[;t-Ii c a l i b r a L i n n via

nade using rare gas ant1 nitroge.n a b s o r p t i o r i measuremeiit; . .

The threshold electron analyzer has been previous ly describe-d* ' > - J > J ' . E l e c t r o : i s

are draun out of the photo inniza t ion region at an angle of 90° w i i h respect

to the photon b<?am and in the directioi l of the o lec t r ic v e t - t n r öl" t l .e l i j j l i t .

The bandp.-iss of the detector was deterr.ined by -irasuri-rncnl ts! i lu- i : h u t c i o n i y . ; i L i o n

s p t - L t r u m of ar^.or. (F ig . !) . A r e s o l u t i f i n of b t - L i e r th:in Ü . Ü U 3 f V M.^i w;i- i L . b -

t a i n e d - tha t is , the wid th of both tho Ll\ and tht " ? , / - , p t 'a ts c o r r t - s p u i i d

to th*' r u s o l u t i o n of the photun monochroin,itor . The ari:,ri:i spcc t ru r j a l sä shi:ws

tht - L ;f f e c t iveness ut Lhe ana lyze r in r c j ec t ing ener^ot ic elertr i) : is; äs St-oii by

the ahsence ot" autoioi i izat icn peaks between the two i o n i z a t i o n t h r e b h o l d s .

Since the threshold e lect ron ana lyzer is a pass ive deyice r c ^ i s i e r i n g the

prcaence of zero kinet ic energy ( t h r e s h o l d ) e ler t rons .is l he phoion eiH^ri ' .y I.H

scanned, no correc t ions of the t rar .smiss ion f u n c r i n " öl the un . j lyser are y . i ' i - i '&ba ry

C o n v ü l u t ion cal culat ions ~ ̂  show that the p h i i t o l u i i ! ;-;il i et: t h r t ' : , l i " i I d s cu r r es;: .v ii

to a p o i n L on the leadir.g ed^e of a pcnk at he twoci i 1 / 2 and Ü/X 1 1 u- pe.ik l i i . i ; ; [ - .L .

The argon da: a subst2nt iat e t h i s , The w a v p l e n g t h s yivt -n In - low W L - T C - o b t a i n u d n;

th is way Iror-, the da t a .
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The photon intensity was measured äs photo-currenL us ing a sodium sa l icyla te

f i lm to convert thc photons in the 650 - 800 A ränge studicd co a band ccntcrcd

at about 4300 A and a Standard bialkali pho tomul t ip l i e r . The t ransrai t ted photon

Signal along with the threshold electron signal were simultaneously mcasured

and storeö in a PDP-11/45 Computer. The photon wavelength was advanced at con-

• tant photon intensity so äs to mainta in constant e lec t ron countir.g s t a t i s t i c s .

The absorption spectrum of nitrugen had been determined previously uith the satne

monochromator but at a resolution of 0.03 A u üg room tempera tu re ni t ro^tn ' 1 0 .

Nitrogen was obtained from l "Air Liquide (99.997 7, puri ty) and was used wi thouL

further purification. The measurements uere performed at room tcmperaturo w i t h

a nitröge« pressure of 5x10 Torr .

3. Expcrimental results

The threshold electron spectrum o£ nitrogen in the ränge 15 .5 - 19 .2 eV äs wel l

äs the absorption spectrum over this ränge are reproduced in f igu re 2. The re-

lative intensities of the various transitions observetl are äs given in the

figure. The locations of the ionization thresholds, the peak areas and thc t'WHM

of each peak are given in Table 1. The peak areas were obtained by direct

Integration of the data stored in the Computer. These areas are shovn again in

Table 2, in this case normalized to sura up to 1-00 for the part icular eleetronic

State involved. Also appearing in Table 2 are the measured vibrat ional ini i-nsuy

distr ibutions fron PES using 2 1 . 2 eV, 23.1 eV (averaged) 3 : , and 40.8 eV rad ia l ion1'1

äs well äs results obtained in SF, electron trappirig expcriments. ; t In A d d i t i o n ,

calculated Franck-Condon factors foi these thrce statcs of N are s h u w n ^ ' ^ ' ' 1 ' • " • ' .

It should be noted that for each transition observed in the present e x p c r i r a t n L ,

the photon energy is equal to the energy of the transit ion Holecule •+ M o l e c u l a r Ion .

In PES on the other hand, the photon energy exceeds the energy required for photo-

ionization, and by differ ing amounts depending on the par t icular t r ; ins i t iön ob-

served. Thus the two types of experimer.t s d i l ' f e r not onl.y (.T) in Lhe th rcs 'no ld ,

non-threshold charactcr but also (b) in that the present t r o ^ s scc t ions corre-

spond :o measu remen t s w i th a f ixed relationship t.o Lhe t rans i t ion energy, in

this ~ E and ln varies . The SF,M 1.7

Transi t ion
electron t rapping experiraents ace similar to the present resul ts in these two

aspects. The relat ive cross sections reported here tnny rot be d i r e c t l y comparab lu '

w i t h PES values because of point (b) above. Receni/jPES s tudics u i th Synchrotron

radiat ion äs a l i g h t source have been made which rin.ibic.1 one Lo de Lern ine thc

r e l a t i v e cross sections at a given energy .ibove t ho tVres l io Id . 2tt In L i i t t ü o c-xpü-

r iments the resolu t ion was adjusted to y ie ld L!IL ovt'rall branchinj; r a t iu s r a t l u s r

thafi i/ibrational ir>tensity d is t r ibut ions . The.se ratios are shuwn in Table 3 tor

photon energies of 5, 15 and 25 eV above the t h r e s h u J d s . The f i r s t and L l i i r d

values correspond roughly then to PES resul ts for ni trogen using 2 1 . 2 eV ;mtl

40. 8 eV rad ia t ion respectively.

Imnedia te ly discernable froro the spectrum (F ig . 2) is thc fai- | , that thc pi.-ak

lornis for the X } ground -;Late of N„ are na rked ly d ; f f e r e n t f rom thoäe for

2
the A ""H state. This also shous up in the ir.easurc-d FWliM of the peaks äs st'cn

in Table I . We will return to this poiiit- below.

The data presented in tahles l, 2 and 3 are an average obta ined from three

runa . The Standard deviat iun of the scat t er f r o m run LO r im i s a l so given

in the tables where appropr ia te .

k. Discuss_i_on_

4.! SpecLroscopic data

Birge-Sponer (4G 1 / 2 ) plots for the X nnd A st ,U:es of K, hiive been müde i ron

the da ta given in Table l and are sliown in l :ij;. 3. Tr.e raolfcular p j r a i i i o t t r ^

obtained fron lea.st squnrcs f i t s to lliusi1 p lo ts are ^iven in T a b l t - i .ilo:i;;



wich data obtained £rom fluorescence emission spectroscopy''3. IC is imporcan t

to note that ehe agreement between these two typcs of exper iments (Tablu 4)

indicates ehe lack of influence of non-zero volc e lent ron processes on ehe ob-

served spectra. The dissociation energies, obcained by linear extrapolat ion

of Che Birge-Sponer ploCs are in reasonabLe agreement w i th previously published

results (Table 4).

4.2 Intensity daca

The most scriking feaCures of Che threshold electron specCrum are (1) ehe s imi -

laricy in inCensi ty (per vibracional level) of the three electronic statt.s ub-

eerved; (2) the extended vibrational progression observed in thü X state which

in addition shows rocacionlike structure and (3) Che smooth buC non-Franck-

Coiwton distribution of vibrational levcls in boCh ehe X and A states (see below).

The presenc spectrum is quite similar to thae obtained in SF, e lec t rnn tr .nppinj ;

Comparison of the 0-0 traneitions to the X, A and B states of N„ yields a rt-la-

Cionship of 1.0:0.92:0.71 (peak areas) aC the Chreshold äs corapared wi th

1.0:0.28:0.09 äs ubtained in photoelectron spectroscopy usLng the helium 2 1 . 2 1 eV

and 23.1 eV radiatio^. (results averaged) resonance line for excitatioti3 ] . The

SF, relationship of 1.0:0.54:0.19 lies in between the oCher results. The inten-

sity distributions within each elecCronic staee at threshold are very d i f f e r t - n t

from the PES results, ehe progressions in Che X and A states being lon^er htn>

and in the SF, data. The relative peak areas fo r all ihrue s ta tes are j j ivcn in

Table Z and are di.spla.yed graphical ly in Fig. 4 along w i t h l'ES r r su l t s 3 1 • 1:',

SF, electron trapping resul ta2 6 and ca lcu la ted Franck-Condou f a c t D r s . 1 * 1

When one integratea ehe areas undcr Che vibrational pcaks in order to ob ta in

the total relative threshold photoionization cross sections for Uie thrL'e e lec t ron

States, one f inds surprisingly that thc r esu l t s are sinilar to ehe cumparab l t

PES results . The broad peaks and significant autoionization fea tures present

in the SF, electron trapping da ta preventcd a comparison wi th thcsc resu l t s .

At threshold one finds for X:A:ß = 0 .67:1 .0:0 .15 while from PES the fo l lowing

results are obtained depending primarily upon the excitation wavelength:

At hv " 2 1 . 2 eV ratios of 0 .72:10:0.23 2 9 and 0.68:l .00:0.!S2 i* have been re-

ported. At hv = 40.8 eV, 0.66:l,00:0.2$? and 0.48:l .00:0.222 9 and 0.62:1.00:

0.272 L | have been obtained, Ie is not clear, why ehe ratios obtained in PES

at 40 .8 eV d i l f e r so from each other since at th is photon energy, the elcctroi is

ejected from tJ„ for all three states of N, (X .A.B) will have re la t ive ly similar

energies of ca. 25 eV, 24. eV and 22 eV respect ively . Thus , tbey wil l all be

transmltted by the electron analyser to a sitailar extent , tnore so than at

2 1 . 2 eV excitation. The asymmetry factor g should be unimportant in these

considerations sincc the PES meesurements were made at 54.5° (magic angle). '* '1

The sünilarity of ehe total threshold photoionization cruss sectiuns to tho

comparable PES results is surprising in vicw of the fac t that at Chreshold ,

the manifold of ionizing Rydberg seates is coupled with the iunization cunti-

nuum a l ter ing ehe transition probabilities from the values at an energy wel l

above threshold. In addi t ion, it is expecced thae ehe extend of the in te rac t ion

depends on the nature of the Rydbcrg states. This na lur r changos d r a m a t i c . u l l y

at the onset of the A 2 H state äs is wel l known from Lhi? absorp t ion spc:i:Lriini

of N . The experimental observat ions suggest, that the ovcr; i l l t r a n s i t i o n

moment to a particular elecCronic s tate of ehe ion is rdjtively insetisit ive

to ehe deeails of Che pareicular vibracional Crans i t ions and the re la ted bound-

coneinuum intcracCions . Indeed, measurcment.s of the pa r t iö l cross sec t ions

for the X, A and B ionic states cont inuous ly aü a f u n c t i o n of ptiotun onerr.y.
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frora a few electron vol ts above threshoLd tu 50 t V - ' ' , is q u i t e srnooth j ] t l m u / . l i

the ratio at, tot examplc 15 eV over the r tspeet ive thtfshold. ( n a m u l y

0 .93: l ,00:0 .23jd i f le rs fron the aforement ioned (Table 3) . If sharp v . i r i a t i o n s

in the total cross sections were present, sorr.r of the r csu l t ing s t r u c t u n -

should show up in the experiments even though the pboton and the e l e c t r o n re-

solution are o n l y m o d e s t . Thus, although the cont r ibu t ion to the observt-J i n t e n -

sity discr ibut ion of the vibracional levels var ies d r a m a t i c a l l y , t ho o v u r ü l l

re la t ive transition probabili ty appears to bc less i n f l u c n c c d by .sin^H>. Rydbe r j ;

states. We note in passing, t ha t recrnt th ro rc t i ca l c a l c u l a t ion K <:f t he pa r t i :i i

cross sections for S-1*5 show a smooth Var ia t ion w i t h ( j x t i t i n ^ p h o L o n t - i i i - r f ;y .

Ui th regard to the vibrational structure, the f ine s t r u c t u r c observed in t ix- N'^-X

state apparently re f l ec t s the sharply de f ind s t ructure cf the R y d b u r g s t . - i tos tn.U

lie in this region. That is not to say that the cbscrved abso rp t ion arc L l u , H I L ;

that are af fec t ing the threshold photoioniza t ion proccsscs . Tha t sct'ina u ' i l i k t - i y

(see below). However, it is appareatLy the r.atu^e of Rydbcrg s t a t e s in t h i s r t-j;. i 01

to be narrow and well d e f i n d . Furthermore the i n t e r a c t i o n b c t w c e n R y d b p - r , . f tUt. '- i

and states of the ion is determined not only by e l e t t r o n i c n.nture of Lli i .1 M. i t c^

involved and their proximity to each other but a! - ,o hy the rotat ional s t - l n - r ion

rules. fl • Thus, it appears Chat pa r t i cu l a r rota t ional trai is i t ions .irt l.ivort'd

here but because of all of the conditions that taust be f u l f i l l e d , they i i r t i r re-

gularly favored leading to the jagged peaks observcd. The peak areas ior tht:

transitions to the vibrat ional levels of the X state are £iven in Tnbli: 2 .ir.d

graphically in Fig . 4. They are very d i f f e r e n t from those ob tü in tü in PLÜ : , tud i ( : .

The latter are in good agreement w i t h ca l cu l a t ed Frnni-.lt-Condon f a c t o r s , , al su

shöun in TabLe 2 and Fig. 4.

The form of the vibrational peaks in the N A st;i te ;is wel l äs the i n t c n s i t y J i :--

cributioo are very d i f fe rent botli f rom the X s t a t e and f rom PES r c s u l t s . 'J'ln.1

vibrational envelope locks very rnuch like a norra;il Franck-Condon d i s t t ibut i on ,

w i c h ehe exception of the v2 peak. l lowüver , the a c t u a l riistri bnt ion Juv i . i t* . 1 ;>

s ign i f i can t ly f rom that obtained in 1'tiS nnd f ron t 'le c:iJ L U - . - i L y d v f s . u l L i ' , ' r . i l>l f '-' ,

- 10 -

Fig. 4). Comparison of the absorption peaks with the threshold electron pe.iks rc-

veals no obvious correspöndence. That is, in ge.ner.il thü absorption maxima do not

lie on top of the ion states and, äs has been notcd in the case of H* (2J^*)23.

Significant intensification of the threshold electron peaks often ocrurs where

no Rydberg state is known to exist.Khether this rcsults from the Kontribution

of very broad but discrete Rydberg states äs is known to occur in the cas.e of

argon atocis or from particular members of a dense manifold of weak and perhaps

narrow Rydberg states ^hich appear äs a continuum in the sbsorption Kpectrum

it not clear. However, the smooth nature of the vibrational envelope suggests

that the latcer alternative is probable sir.ce it would be a genoral effect with-

out a strong dependence on the particular Rydberg sLates involved. That the

spin-orbit Splitting of 74.67 cm (Ref. 43) is almost completely washed out in

our spectrum also appears to result frora this general effect. The reasuning is

thac (1) all of the peak intensities are enhanccd by autoionization and yet

(2) ordinary smooth rotational envelops are observcd here äs seen, for instanrc

by the constant FU'̂ -1 of the peaks. Thus thece is no irregulär enhanctment of the

rotational stace intensities äs was observed in the X 2"* transitions
"g

The B 2IU state is normal insofar äs the vibrational peak intensities are con-

cerned when compared wich the PES results and with calculated Franck-Condon

factors. The main deviation here frora the PES experiment.s is ehe strong 0-0

transition which is comparab!e with those of the X and A states (see Table. I)

even though, äs previously mentioned, the total integrated intensities tu each

of the three electronic states are comparable with those obt.-iined frora PES.



5. Conclusions

From the experimental results publ ished here ar.d cotnp.tr j sons rr.adc betwei'ii t lK-se

results and resu l t s obtained on K fron: nbso rp t lon sp tc t ruscopy^ pho toL l ec t ron

spectroscopy, and SF e lec t ron t rapping cxpcr iaents 11 is clear tha t ehe L.ter-

action of ionizing Rydherg states w i th ionic states plays a ; ; i f > n i f icant ro ie on

the intensi t ies observed at the photoioniza t ion th resho ld . Vtiat is p a r t i c u l a r l y

p u z z l e i n g is that a l though ehe spectra obstrvcd here d i f f e r i'.\U'nsively in pr . tk

form, peak intensi ty and in the length of ehe v ib ra t imul propre ssions i'rom t hm,

obtained in PES, the := la t ive integraitd in tcns i t ies ovcr c n i i r s j e l c c t r o n U 1

states (X, A and B) are conparable.
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Table l : Energy and intensity da ta ü

spiT.trun oi N

v

0

1

2

3

4

X (S)

796,

782.

769.

757

745

.0

. 4

.4

.1

.4

E

1 5 ,

15,

1 6 ,

Ic

1 6 ,

(eV) Peak Area (a.u.) ' ' '^

, 5 7 6 6 7 . 7

, 8 4 7 7 5 . 1

. 1 1 5 's 2 . 0

.376 '£-,.<)

.633 1 4 . 9

P,:ak FWÜ-: (X)

0.28

0.88

(0.60)

0 . 3 •>

Ü . 7 2

0

1

2

3

*

5

6

7

742,

7 3 Z ,

7 2 2 ,

7 1 3 ,

704.

695.

687.

679.

.3

,7

.7

,3

.3

7

5

9

0 60 !. 4

1 650.9

13.746

19.048

a) a rb ib t ra ry units norm;ilized to co:i;;i_a:it photon l - .Lons i ty



Hi'jsur^ti und calculated v ibrat ional in t t*ns L ty

D i s t r i b u t i o n - ; for l he t rar is i t ions K. , X15" (v=0) * N.. X .A.B
2 ^K 2

At threshold Pl

v-

X 2J* 0

1

2

3

4

A -̂  0

1

2

3

4

5

6

7
-t-

B ^V C

1

(pre:;,:nr work}a (lief. 26)

0.233

0.313

0.217

0. 125

0.062

0. 172

0.20&

0.347

0. 133

0.060

0.052

0.020

0.010

O.V06

0.094

0.21

0.54

0.17

0.05

0.03

0.20

0.25

0.39

0. 12

0-05

iS, hv== 21 eVi-23eV PF.S h-.=40.S cV

(Kai'. 3I)J>C (Ref- 32' 'C

0.

0.

0.

0.

0.

0,

0

0.

0.

0,

u
0

932

.065

.003

.260

.298

.227

.130

.057

.021

.007

,910

. 0V 0

0.

0,

0,

0,

0

0

0

0

0

0

0

0

875

,107

.018

.274

.314

.206

.115

.054

.025

.012

.880

. 120

Calculated

(Ref. 4l)

0.

0.

0.

0.

0.

0,

0.

0.

0.

0

0

0,

0

0

0

9046

.08931

,00592

.00035

.000023

,2732

.3204

.2154

. 1 108

.04895

.01970

.00753

.00281

.8864

. 1 1 1 2

Calculated

(Ref. 42)

0.

0.

0.

0.

0

0.

0

0

0

0

0

0

0

0

915

.0796

,0049

,00028

.000016

.2746

.3195

.2148

. 1 107

.04894

.01071

.00749

.00275

.1070

Calculated

(Ref. 29)

0.9023

0.0906

0.0065

0.2447

0.3107

0.2253

0. 1236

0.0574

0.0238

0.0095

0.8912

0. 1070

3T.Tb]t? 3; Relative production of the X ~) , A2H and H3; States of N„--- Lg' u -u 2

At threshold l'ES 5 eV PF.S 15 cV PES 25 eV PES hv = 2!.2 eV FES hv = 40.8 §V

(Fresent work) (Ref. 24) (Ref. 24} (Ref. 24) (Ref. 24) (Ruf. 32)

0.67 0.59 0.93 0.62 0.66

l .00 l ,00 l .00 l .00 .00

0. 15 0.17 0.23 0.27 0.13 0.22

,1) Relative Proportion of each sLate produced at the stated cnnrgy over the tlireahold üf that ütate

b) BraLiuhinj; rat io: Lhat is, the relative proportion of eacli sLate produced f or a fixed iucideiit photon energy

c) Currected for angular effecCs

d) Mea su r emcn t s made a L th(? "magic angle" Lhereby c l imiiiat ing angular effocts1*7



C 4- C (JO +•

Figure c a p t i o n s

1. Threshu ld eLec i t rcm spcctrun of argon w i t l i n photon r e so lu t ion

of 0.15 S.

2. Absorpt ion nnd thrcshold e lectron spt-c t rum of N'n cver tlie rangt;

803 S - 650 ?i.

3. Birgc-Spor.cr (AG 1 / 2 ) p lo t s for the X '\ _ and A ?.: B L a t f s u l N . , .

The crosses r e p r e K i m t t ixpür i rc-nra l va lucs , the dashecl c u r v e s show

Chu f i t nssfd for the analysis .

4. Vibra t iona l i n t e n s i t y d i s t r ib i i t ions fcr the t r ans i t ious

i v * , t- ->v+ ' -r +
N X l • (v-0) "N. X ^,' , A ':> , B - i .i.,, ^ -g ,j < - u

(.a) Me.isurt-d a t t hr es hold (t h i s werk) . (b) ST, e l i 'c t ruu C rapi i i r .^ n-: u', t s ,

i d r n t i c a l w i c h the 40.6 eV FES r e su l t s , seu T a b l o 2) , (d ) c a l c u l a i f d

rrantk-Condon factors (Ref. 4 ; ) . All duta takeu i r um T.ible 2.
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