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ABSTRAGT

This paper describes, how Synchrotron r ad ia t ion can be used äs an e x c i t a t i o n
source in time- and s p e c t r a l l y resolved f luorescence in connect ion w i t h experi-
ments on the k i n e t i c s of e lec t ron ica l ly exci ted atoms or molecules . As
examples, the fo rmat ion and the decay of var ious excimer Systems are discussed.
In a d d i t i o n , a f e w aspects of intraraolecular dynamics in diatomic molecules are
ske tched .

INTRODUCTION

Since many years, Synchrot ron r ad i a t ion (SR) is used for e x c i t a t i o n purposes

in molecu la r dynamics e x p e r i m e n t s . The unique proper t ies of the source make

feas ib le near ly 6 - l i k e v i b r a t i o n a l l y and in the case of small molecules even

r o t a t i o n a l l y resolved selective exci ta t ion in the vacuuro u l t r av io l e t (VUV)

spec t ra l ränge. Th i s is the basis for var ious kinds of experiments to exploit

in de ta i l dynaroical processes in molecular physics. Fragmentation, ionization,

dissocia t ion, re laxat ion , in tersys tem crossing, and e lementary Chemica l reac-

C i o n s were already invest igated. A comprehensive review on the early papers (up

to 1978) was given by Koch and Sonntag ( r e f . l ) .

Of special importance in probing dynamical processes is f luorescence spec-

troscopy. The pioneering e f f o r t s in time- and spect ra l ly resolved f luorescence

unde r state select ive exci tat ion w i t h SR were under taken a t ACO ( r e f . 2 ) , at

SPEAR ( r e f . 3 ) , and at DESY ( r e f . 4 ) . In the mean t ime , a unique experimet

Stat ion (SUPERLUMI) for such measurements was constructed in the Hamburger S

chrot rons t rahlungslabor HASYLAB at DESY ( r e f . 5 , 6 ) . Part of the results pres

ted in this paper, were obtained w i th th i s apparatus.

A f t e r a short description of the set-up and the experimental techniq

used, the formation and the decay of excimer molecules like rare gas din

(R.) , rare gas ha l ides , and rare gas hydr ides are discussed. The last part v

cover some aspects of Rydberg-valence interact ion of exeited states in d iä te

enolecules.

E X P E R I M E N T A L ASPECTS - 2 -

Proper t i es of the source

The p rope r t i e s of SR were already described in de ta i l elsewhere ( r e f . 7 , 8 ) .

In short we can s u m m a r i z e :

(i) SÄ has a cont inuous spectral d i s t r i b u t i o n extending f rom the in f r a red

( I ß ) to the x-ray region.

( i i ) SR ( f r o m a storage r ing ) has a unique t ime s t r u c t u r e . 1t consists of

' f igh t pulses wi th a fwhm between l ns and . 1 ns . The r epe t i t ion frequency

ranges betveen l MHz and 500 MHz.

( i i i ) SR is l a se r l ike col l imated (ver t i ca l ly ) .

( i v ) SR has a we l l def ined polar iza t ion .

The sjgt-up SUPERLUHI

In th is set-up, 50 mrad ( h o r i z o n t a l ) of SR are collected and spect ra l ly dis-

persed by a 2m-normal incidence ( N I ) monochromator ( r e f . 5 ) . The f lux obtained

wi th th is opt ica l layout is comparable to what is obtained w i t h more recent

wiggler sources ( r e f . 9 ) .

TABLE l

Technical parameters of the expe r imen ta l set-up SUPERLUMI.

to be published in "Photophysics and Photochemistry above 6 eV", ed. by
P. Rigny, Eisevier Science Publishers B .V . , Amsterdam
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chamber w h i c h ca:i be e q u i p p e d w i t h a gas c e l l , a Hc- - r ryo . s l . iL etc. F l u o r e s c e n c e

is analy.sed a t r i g h t a n g l e to tl ie e x c i t i n g beam w i t h tuo m o n o c h r o m a t o r s . One of

thcTn covcr;; i h r - V U V s p e c t r a l ränge and has an e x t r e m e l y l a r g e a c c e p t a n r i ?

(t/2.8) at a m c d i u r r , r e s o l u t i o n ( r e f . 6 ) . The Other one e x t e n d s the w a v p l r n g t h

ränge t O the near I R .

In connec t ion w i c h the t ime s t r u c t u r e of the s torage r ing DORIS (fwh^i= 130

ps; rep. ra te > ] M H z ) , t i m e c o n s t a n t s T between 50 ps and 10 u s can be

measured . R e l e v a n t n u m b e r s c h n r a r t e r i z i n g t hp set-up a r e given i n Tab lc I .

Besides c o n v e n t i o n a l abscrpt ion- and r e f l e c t i o n spec t roscopy, stöt i'o.^ary

•" Juorescer.ce and f l 'icrr::c:e*!,ce exe: t,i t i er: cpertra ( f luorescence in t ens i ty äs a

f u n r t ion of exe i ta t ion uave leng th , A ) can be measured. For t ime-resolved

spect roscopy, the s ingle-photon and t i m i n g method (delayed coincidences)

( r e f . 4 , 1 0 ) i s used. W i t h this m e t h o d , w i t h f ixed A and A ( f luorescence
ex an

w a v e l e n g t h ) , < 1 : ; : < - ^nd dccdj curves can be measured . In tiKe-rescived flvores-

cenr?p r, per t r a (\ i xed ) , the f luorescence intensi ty is measured w i t h i n a time
ex

windou 6l (> .5 n s ) at a f ixed delay AT (0 < AT < ! u s ) äs a f unc t i on of X .
— — an

In t ime- ro-i-j ,'-,'<•-[? ,-v",-1 tat inn n-pacira, the f luorescence i n t e n s i t y is r e g i s t r a t e d

u i t h i n 6c , however , äs a f u n c t i o n of \. being f i x e d ) .
ex an

FORMATION, DECAY AND POTENTIAL CURVES OF EXCIMERS

Jnt roduct ion

In the last yea r s , excimers a t t r a c t e d niuch in tereat because many of them are

used äs laser molecules in UV and VUV gas lasers ( r e f . l l ) . Keglect ing the smal l

t h e r m ü d y n a m i c concen t r a t i on of d imers in, e . g . , dense rare gases, excimers are

generally formed in react ive coll isions of e lec t ron ica l ly excited atoms or

molecules w i i h ground s ta te species. It was amply demons t r a t ed , thaC SR can be

used äs an o x c i t a t i o n source to s tudy the k i n e t i c s of Kuc.ti exciffler Sys tems.

A f t e r in i t i a l exper iments on rare gas d i m e r s , R„ ( R : Xe, K r , A r ) the investiga-

tions were ex tended to rare gas monohal ides . Very recen t ly , rare gas hal ides

uere i n r l u d e d b r r a u s e ü i the p a r t i c u l a r in teres t in these simples t rare gas

compounds.

Rare gas dimers

Kinet ics. Kchemat LC potent ial curves are given in F ig . 1. The 0 ground

s ta te is r e p u l s i v e apar t f rom a shal low Van der Waals minimum at large in ternu-

clear d i s tance . Corre la t ing u i th P and P, excited atoms, bound excited

s ta tes (0 and l /O ) ex is t . Detai ls of the potent ia l curves are eiven, e .s . .u u u * 6 &

in r e f . 12 (Xe ), r e f . 13 (Kr ), and r e f . 14 (Ar ) . R molecules are ident i f ied by

the i r c h a r a c t e r i s t i c bound-free f luo rescence . At iiigh pressure, the vibra-

t i o n a l l y relaxed molecu les emit the so-called "second continuum", whereas at

low pressure, rhe decay of v i b r a t i o n a l l y excited molecules dominates ( " f i r s t

f l uoresccncc :;pec t r um of Xe« i s ine lud cd

with the second cun t inuu^i a t - 170 nm and

l he first cont inuum a t - 148 nm (inlerrne-

2 diäte pressure). The emission of the 0 and

l state speftrally overlap. They can be

separated in time-resolved experiment s .

The complex kinetics even under primary

state sclective excitation could be disen-

tangled making use of the tunabillty of

the SR source (ref. 16). Fig. 2 shows,

e.g., the temporal behaviour of the second

cont inuum of Xe„ for different pressures

and exeitation wavelengths. Excitation

f r o m the ground s ta te to 0 and w e l l

INTERNUCLEAR DISTANCE (&}

b e l o w the P atomic level leads to a

s i m p l e t empora l behaviour . The decay

curves d i sp lay bo th the 0 ( f a s t ) and l^ ' u u
( s l o w ) emiss ion . From the pressure depen-

dence, the radiative l ifet imes of the

Sta tes i nvo lved , average v ibra t ional re-

laxa t ion ra tes , and the r a t e constants for c o l l i s i o n a l m i x i n g of 0 and l /O

were e x t r a c t e d for Kr and Xe, ( r e f . 1 6 - 1 8 ) . As an exatnple, in Fig. 3 the

pressu re dependence of the Xe l /O l i f e t i m e is shown ( lowest par t ) .

Exc i t a t i on of Xe„ or Kr in the v i c i n i t y of P leads to c o l l i s i o n a l dis-

l ni CONI1NUUM
l .H90/16WÄ

plIORRl
250

H f -
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P atoms ( r e f . 1 6 ) w h i c - h then"] soc i a t ion i n t e

act äs r e se rvo i r frora which ehe m o l e c u l e K are

formed prc r io ;n inan t ly by three-body coll i-

sions,

(1)

The tempora l behaviour of the seeond conCi-

nuum is of ehe cascade- ty pe and d i s p l a y s the
( 2 )

a c t u a l l i f e t i m e u f the precursor (= k in
2

f i g . 3 w ich its s t rong p - c o n L r i b u t Ion ) and

ehe l i fe t ime of the l /O state. With fur ther
u u _ 3

i n c r e a s i n g exr. i tat ion energy, Che atomc P

s t a l c i.s popu l a t ed . As a r e l axa t ion scherae,

we now have to Lake into accoun t (siinpl. if ied)

a , h i g h v ' ) « R * ( 3 P ) 2,R

In Che decay curves the l i f e t i m e s of both re-

se.rviors and the l i fet imes of the en i i t t ing

s ta tes Khow up , N u m e r i c a l results a re g i u c n

in TabU 'J .

TABLE 2

Comparison of the l i f e t i m e s of Kr* and Xc* excimer s tates and of the two-body

rate cons t anCs of fn rma t ion measured w i t h SR e x c i t a t i o n . L i f e t i m e s are given in
6 -l

ns, rate constancs in cm s

Kadiat ive 1

Kr*(0*)2 u
* _

K r . t l /O )
2 u u

Xe,(0+,high v2 u ^

Xe„(0 , low v
2 u

^Xe.( 1 /O )
2 u u

a ) r e f . 18
h ) r e f . 16

. i f i? t ime s

3.4
5 .2
264
245

') 2.5
1 .6

') 4.6
6 . 9

101
99

1 12
105

45-60

tOref
i ) ref

a)
b , c )

a )
c )

b)
e)
f )

g }
b ,h )

f )
g)
e)
i )

.19 c ) r

.23

react ion ra te constant

* 1 * . * -32
Kr (V) + 2Kr * Kr , (0 ) + K r 3 , 2 x 1 0 J

1 2 u , x „

* * 5. Ix "
Kr,{ 3 P^) t2Kr • K r , ( l /O )+Kr 1.78x "

2 2 2 u u K g 7 x „

2 .2x "
* 1 *, +,

Xe ( P )+2Xe -* Xe,(0 )+Xe 5x
1 i u 5.3x "

3.4x "

* 3 *t ~\\
u u

e f . 2 0 d ) r e f . 15 e ) r e f . 2 1 f ) r e f . 2 2 g ) r e f .

a)
b )
c )
b)
c )
d)

b , h )
f )
d )

b , h )
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Tirre

The decay curv t - s of F i g . 2 were measured w i t h a solar bl ind type detector (BX

7 6 2 ) . The t r e m e n d o u s p rng r r j s s rea l ized w i th channel p la te de t ec to r s i s

dpicnnstra ted in F ie . 4. It shows a decay curve of Kr, e x c i t e d w i c h \ 1 2 4 , 8
c ' 2 e x

ntn ( r e f . 2 4 ) . T h i s I K an exc i t aCion near to the c r o s s i n p , of ths 0 and the l /G
u S S

state (F ig . I ) . The w a v e l ength of ana lys i s was 147 nm ( c e n t e r of lhe second

c o n t i n u u m ) . At t h i s w a v e l e n g t h , not o n l y the emiss ion of v ibra t iona l ly relaxed,

but also of v i b r a t i o n a l l y exci ted molecules is observed. The t iny spike (ir.-

se r t ) steras f rom the i n i t i a l l y exci ted molecules which col l i s ional ly d i s s o c i a t e

in to P, atoss o r relax v ibra t ionally. Thosc mol ernies which relax with in the

0 s t a t c , emit the second f a s t peak ( i n s e r t ) w i t h a r i s e t i m e (= v ib ra t iona l re-u r

laxat ion) and a decay (= l i f e t i m e of the 0 s t a t e ) . The slow c o n t r i b u t i o n slcms
3

f r o m those molecules which were formed in the l s ta te via the atomic P„ re-
u 2

se rvoi r .

Determination of potential curves. The potential curves of the excited

states (0 , l /O ) are only known at large in ternuclear dlstances ( f r o m absorp-

t ion measurements) and around the i r rainima ( f r o m high pressure f luorescence)

(see, e- g. , r e f . 1 2 - 1 4 ) . At stnall i n t e r n u c l e a r distances, experimental de termi-

naCions are scarce . In principle, Che poten t ia l curves can be extracted f rom

the bound-free f luorescencc spec.tra of molecules excited select ively at high v '

(Fig. 5). However , in order to have a considerable concentration of R ground

s ta te molecules which then can be exci ted select ively, a high part icle dens i ty

is required which then destroys Che in i t ia l v ib ra t i ona l population by colli-

sions. Dutui t et al . ( r e £ . 2 5 ) overcame this problem for the f i r s t time by

measur in^ the f luorescence w i t h i n a t irae wiiidow 6 t (Fig, 5) immediately

fol lowing pulsed exc i t a t ion wi th SR at ACO. In the case of Xe,, they measurfid

Che long wavelengch onset of f luorescence (which sterns from the "inner turning

poin t" ) and extracted the 0 potenCia l curve.
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B/C mix ing can be n e g L e c t e d . R c l i a b l e t wo- and three-body rate cons tan ts and

Ehe radiative l i f e t ime of the B state (v1 = 0) were extracted ( re f .30 ,36) .

Tuning the p r imary exci ta t ion t o v '
l -t- s ta te of Cl _ dramati-:> l of the 2

c a l l y changes the S i t u a t i o n . In the

e l e m e n t a r y reac t ion , both B- and

C-s ta te raolecules are c rea ted . B/C

m i x i n g by col l is ions takes place. Then

the B -* X emiss ion conta lns two ra tes .

The slower anc approaches the parabolic

behav iou r on ly at h i g h p . At lower

p i t y ie lds a d e f l e c t ion and then

goes down to an in tercept which corres-

ponds to the l i f e t ime of the C state at

p = 0 ( F i g . 8 ) . T h e def lec t ion i s

typ ica l for the slower decaying s ta te

(here the C state) belng above the

fa.ster one ( r e f - 36) . Whereas in the

case of XeCl and KrCl the B -* X decay

i s c o r r e c t l y descr ibed in the whole

pressure ränge by a two-level model for

wavc i.ng..:^. g^ m i x i n g , th is is not the case for

A r C l - Here tbe B/C energy Separa t ion is rauch la rger chan the vibrat ional quan-

tum ( ü E ( B - C ) = 5 x tu! ) ( r e f . 3 0 , 3 6 ) . The mixing i s better descr ibed in a

"two-ladder" raodel of the vibrational levels of the B and the C state { r e f . 3 7 ) .

100 200
Argon Pressure (torr)

300

J I B H 3

B -> X

This cl ass of excimers a t t r a c t e d rauch i n t e r e s t f rom point of view of theory

C r e f , 3 8 ) . A safe expc r imcn ta l proof of the exis tence was up to now not achieved

except for ArH ( r e f . 3 9 ) . The reason is obvious f r o m the inser t of Fig . 9. Tt

shows ca lcula ted po t en t i a l curves of the ground s ta te and the lowest exe i ted

States (HeH, r e f . 4 0 ) . The p o t e n t i a l curves are very c lose one to each o thcr at

short in ternuclear d i s tances . If the hydr ides are formed in h igh v ibra t iona l

l e v e t s of the exc i ted s ta tes , raany of thein obviously predissociate into the

ground state and the characterlst ic fluorescence is quenched.

The t unab i l i t y of the SR excitat ion source comes into p lay here a g a i n . For

the f i r s t t ime . Hö l l e r proved, L h a t hydr ides are formed in coll isions of the

type

R + H„ ( R H ) H (6)

if H. is excited into i t ' s C s t a t e ( r e f . 4 1 ) . The hydr ides are mon i to red by

their radiative decay in the

v i s i b l e and near UV ( I90 nm -
2 2 *

500 nm; B II - X I t r a n s i t i o n ;

r e f . 4 l ) . F ig . 9 shows exci ta t ion

spec t ra of HeH, N e H , and ArH

emiss ion . In all cases, a thres-

h o l d of f o r m a t i o n is observed

w i t h a s y s t e m a t i c t rend . The

t h r e s h t i J d of format ion is as-

c r i b e d to the energetical thres-

hold of the e lernentary reac t ion ,

w h i c h was deduced from the cal-

cu la t ed Tninima of the exci ted

s t a t e s of the h y d r i d e s and the

b i n d i n g energy of H ( r e f . 4 1 )

For compar ison, in F ig . 9 an

exe i [ a ( i cm spectrum of l i g h t

eventua l ly emi t ted by pure H

i n t o the same spec t ra l ränge äs covered by hydr ide emiss ion is inc luded . W i t h i n

the sens i t iv i ty of the s c t -up , no H emission is observed ( the lines at 95 .8 nm

and 98.6 nm stem from t races of N ).

The experirnent of Möl le r is p i o n e e r i n g also froni another point of view. The

gas cell used was eqn ipppd w i t h an In window* because the exe i tat ion wave-

lengths used were below the LiF c u t - o f f . Pressures up to 50 torr were u s e d .

This c l ea r ly demonstra tes t h a t - due to the h igh s e n s i t i v i t y of SUPERLUM1 - the

exci ta t ion wavelength in t ime- and s p e c t r a l l y resolved fluorescence experiments

on dense gases is nn lonser l imi ted to X > 104 nm (LiF c u t - o f f ) .
ex

Fit/ . '). Exe- i tot <<.'r, npectra of rare g-rj;: ,';<,'-
dride f l 'jorescence in H., dvped tii-, N", A r.
The £ tru<.:t.ürr:; -are r r j r -T t 'on.3,' .' :-j resolved
bands of the H7C.'\\ IV - 0: hio.fi^
riK, v' ~ i'. 93.-i'i nm. v' = 2 - 9 6 . _ " j n~,, v' -
4 - 92.96 r."/, etc.!. Detail.-: :;'••<- !<=xt.

RYDBERG-VALENCE INTERACTION IN DIATOMIC MOLECULRS

In t roduc t ion

In the preceding p a r t , somc a spec t s of i n f e r m o l e c u l a r dynamics were d i s-

cussed. We now go on w i t h a spec i f i c aspect of u iLramolecular dynamics. In many

molecu le s , avoided c r o s s i n g phenomKna between d i a b a t i c s ta tes of the same

symmetry lead to Splittings and adiabatie double-well potential curves äs is

shown in Fig. 10 for Cl By far aot all po ten t i a l curves are given. The re-

ferences for the curves are given in r e f .32 . The cases discussed here, are

avoided cross lngs of Rydbcrg- and valence-type s tates .

The h i g h q u a l i t y In Windows were produced by H r . H. ZEIGER in the preparat ion
labora to ry of HASYLAB.
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internudear dislance (A)

The purpose of th i s chapter is to show, how a corabinat ion of absorpt i on and

f l u u r e s c e n c e spectroscopy w i t h SR e x c i t a t i o n cnn help to deduce doub le -wel l

po ten t i a l curves and I n f o r m a t i o n about the d i a b a t i p c ross ing of the gap betwecn

b o t h ad iaba t i c states involved.

ci2

In spite of many c f fo r t s , euen in high resolution spectroscopy exper iraent s

{ref . 4 2 ) , an unarabiguous ass ignment of the va r ious progression s in the VUV was

not poss ible , because Rydberg-valence ititerac t ion ef fec t K lead t o very i r regu-

lär v i b r a t i o n a l sequences. L'sing SR e x c i t a T i o n and combining abso rp t ion and

f luorescence spectroscopy, the r egu lä r 2 II , the 0 and l components of 2 H ,

the double-uel l l Z and the 2 I s t a l e . w h i r h stera from an avoided r ross ing ,
u u '

were ana lyscd in d e t a i l ( r e f . 3 2 ) . The inner-well region of the l L. p o t e n t i a l

curve is shown in an cnlargcd s ca l e ( r e f . 3 2 ) in F i g . I I ( together wi th 2 II ;

the d o t t e d curve was ca l cu l a t ed ( r e f . 4 3 ) ) . P l c a s e , note the i r regu lä r spacing

of the v ib ra t iona l levels of ] Z*.
u

The adiabatic wave functions v ' = 37 and 38 are of part irular interest. Und er

seler . t ive exe i tat ion, due to the l arge arapli l ü d e in the inner- wel l region,

-+ X I f l u o r e s c e n c e is observed from the v ' = 37

level , wh ich is ne.arly absent , i f v ' = 38 i s exc i t ed ( F i g . 12, r e f . 3 2 ) . The

pronounced bound-bound

level , wh ich is ne.arl

Ion g wave l eng t h pa r t s of the spect ra in F ig . 12 s tem f r o m the outer w e l l and

- 12 -
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contain ho th a l Z* -+ X E + bound-bound and a boutid-free K o n t r i b u t i o n with its
u g

pronounced maximum at - 200 nm cor re spond ing to the t r ans i t ion at the maximum

of the d i f f e r e n c e potent ia l ( r e f . 4 4 } .

Fluorescence Exper iments of this kind were impor tan t to assign cer ta in

features in absorption which did not fit into a regulär progression. Another

puszle was solved in this way. Whereas raost of the bands of l E are red-shaded

(DUte t -we l l r e g i o n ) , especial ly v ' = 37 is

blue shaded ( r e f . 3 2 ) , a f a c t which preven-

ted an assignnient to the same e l ec t ron i c

state before ( r e f . 3 2 , 4 2 ) .

The key for the deduc t ion of the l £

s tate was the f luorescence excitat ion spec-

t rum. In Fig. 13 ( r e f . 4 4 , 4 5 ) , the excita-

tion spectrum of the integrated f l uo re s -

cence (which contains practically only l J

emission) i s compared ui th the absorpt ion

cross sec t i o n . The most dominant absorp t ion
l 3f e a t u r e s ( l F! , 2 H +• ) do not show up in

the exe i tat ion spec t rum. T t was concluded

tha t the exe i tat ion. spec t rum is a measure

of the cross s e c t i ü n of l £ ( r e f . 3 2 ) .

The 2 £ state leads to l Z emission

(cxcitation above 78000 cm ). However, the

72000 7tQOO 76000 78000 60000
Energie (cm1)

F i g . 13 . Ab;-,orpt jon cro;;s sec t j
f u p p e r curvs-.l and fluorescence amp l i t udes of the absorption cross-sections
exr i t a t ieir; SDectrum of Cl . . -,-,-,-

• 2 and the e x c i t a t i o n spec t rum are d i f f e r e n t

(Fi 13). The f luorescence yield



.(2) 275torrAr.1torrCI2 '3!
131 TOOtorrAr.llorrCl2
W pure G:

/

2 -

£ 2

S1

2

0
0 1 2 3 i 5

vihrnlional quanlum of C^

2 3

14)

J L

[3l

p lo t t ed äs a f u n c t i o n of v ' of 2 Z in F ig . li (upper r igh t p a r t ) . Möl le r et

a l- ( r e f . 4 4 , 4 5 ) l e n t a t i v e l y i :«rrelated the b e h a v i o u r of t he f luoresr .encc y i e l d

to the Landau-Zener p robab i l i t i e s of d i a b a t i c crossing of the gap between 2 £

and I L + (F ig . 10) . Whether chis ince rp re ta t ion is val id wi th respect to a com-

plete ana ly s i s cif the pe r tu rba t ion is an i n t e r e s t i ng ques t ion for t heo ry .

The lat ter result is in teres t ing f rom another point of v iew. In F i g . 14,
3

belou the f l u o r e s c e n c e y ie ld in pure Cl the y ie ld of the Cl* (2 H ) emission

and the y ie ld of ArCl* ( B -» X ) emission in Cl, doped Ar is given ( r e f . 3 0 ) . The

composition of the m i x t u r e s (2) and (3) is given in the l e f t p a r t . The y ie ld of

A r C l * (B -+ X) emission is ~ proport ional to the yield of l Z emiss ion in pure

Cl, . From th is resu l t i t was conc luded , that - even unde r p r i m a r y exc i ta t ion of

2 1 - the precursor in the react ion Cl* +• Ar • ArCl* -t Cl is the l T. s tate
u e 2 u

( r e f . 3 0 ) ,

HG l

The inser t of F ig . 15 shows selected c a l c u l a t e d po ten t i a l curves of th is

raolecule ( r e f . 4 6 ) . 1t is obvious tha t s i m i l a r e f f e c t s raust occur than in C l , .

Frora the f i r s t absorp t ion and f luorescence measurements which were perforraed

w i t h SR exci ta t ion, it turns out Lhat the S i tua t ion may even be more c o m p l i c a -

ted ( r e f . 4 7 ) . ßecause the work under d i ^ c u s s i o n is s t i l l in progress, only one

resu l t is presented here , which is also in t e res t ing f rom an exper imental point

o f v i ew .

The f luorescence of the 2 I s t a t e can be c l ea r ly separa ted in an inner -we l l

and an outer-uell pa r t . The inner-well part c o n t a i n s a long wavelength 2 5".

-* l T con t r ibut i o n, whereas the outer-wel l pa r t decays on ly in to ehe ground

state at s h o r i e r w a v e l c n g t h s . Fig. 15 shows exc i t a t i on spec t r a of ehe two decay

channels indicated by arrows in the i n s e r t . The r n t a t i onal subscructure of the

dif fe rent v ib ra t iona l t rans i t ions i s c l ea r ly observed ( Isotope-clean H Cl was

used ) . Bö t h spec t ra are d r a s t i c a l l y d i f f e r e n t . From t h i s resu l t we cxpect that

Lhe i n t e r a c t i o n of the d i a b a t i c states c;in bp s t u d i e d rota t ionally resolved.

This wi l l be of p a r t i c u l a r impor tance , i f l i f e t i m e s are studied under ro ta t io -

nal seLec t ive e x c i t a t i o n .
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