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ABSTRACT

Time and energy resolved fLuorescence of Xe has been

investigated using pulsed Synchrotron radialion. The radiative

lifetimc of the relaxed X<i (l ) and its collisional mixiiig

with Xe„ (0 ) are measured. Rate constants für molecule
2 u

formation are deduced. Differeut Steps of the reaction kinetics

are isolated by using various excitation wavelengths.



l . IntröducLLL0"

U i a t o m i c rare ^as mo! t /cules i. ike Xe , are priJUi-.ype.s nir ine

var ie ty o£ excimers w i c h t h e i r o u t s t a n d i n g p r u p e r t i e f i f o r laser

appl j ca t ion ( i ) . F luo re scencü spee troscopy i s an impor L a u t t DO l t o

invest igate t h e c r e a t i o n of excimers äs w e l l äs their e l ec t ron i c

sCates . The exc imer i c f luorescence of Xe, cons is t s of ehe w e l l known

I s t (T, I520A) and -nd i> l700A) con t inuum. Rad ia t ive t ransi t ion f r o m

•+• + .
Vlbra t L o n a l l y exc i ted 0 s tat t lo t t v e eruund s t ä t e 0 l s

u g

responsible for the f i r s C cont inuum whi le the 2nd cuiit inuuni r e su l t s

f rom the v i b r a t i o n a L l y relaxed 0 and l s t a t e . De ta i l s of the
u u

f luoresci 'nce spec tra sens i t ive ly depend o n t n e gas p ressure and

on the exc i ta t lon energy ( 2 ) .

Here we report resu l t s fmr ;j t i m e - a n d s p e c t r a l l y resölved

fluorescence s tudy o E gas^ous Xe. rhc gas is exci t t -d w i l h rxjnochroE-.at

VUV light in tlie v i i ^ in i ty of the f i r s t resonanct; l ine

(147oS, S -> P ) of Xe. In order t« widers tand var ious re laxa t lon

processes, comprehensivc meaHurt'"ii;nts wer t rnade by scannin^, the

exci ta t ion wave leng th frora the b lue wing to the red w i n g of the

first rüsonance line with Steps of 10 A (1450 X - 1550 A) . The f i r s t

conCinuum decay Functions uere measured f c i r gas. p ressures he tueen

50-500 torr and the second c o n t i n u u j n was i n v e s t i g a t e d he tween

250 and 1050 Corr. The measurenents y i e ld in format ion abcut the

l ife- t ime of the relaxed l states and its co l l i s ional m i x i n g w i t h

the 0 state. Molecular fonnation takes place via three-body

col l i s iun . Rate constants for the molecule f o r m a t i o n are deduced .

The results are of pa r t i eu la r interest äs controversial results

have been recen t ly publ i shed (3-5).

- 2 -

2. Experiment

Kor exc i t a t ion the S y n c h r o t r o n r a d i a t i o n of tht1 e l e t ' t r o n s torage

ring DORIS at Hamburg was used. Synchrot ron r a d i a t i o n was l i i u n ^ c h r o m a t e d

wi th a band pass of 3 A and then focussed i n l o a L i F gas te 11 . The

i l l u m i n a t e d par i of the c e l l serves äs an en t r ance a l i t to r a \T'V

monochromator for the spec t ra l ana lys is of f l u o r e s c e n c e (band pass

30A). Time r e s u l u t i u n j s o b t a i n t ' d by i n a k i n g use of the p u l s e s t ruc tu re

of the S y n c h r o t r o n r a d i a t i o n of IX)RIS ( f w h m of l i g h t pul s es is l 30 pS ,

repe t i t ion rate is^l MHz) . The ex per imen tal t echn L q u e s are dt'sc ribed

in de ta i l in ref ( 6 ) . Fast pho tomul t ip l i e r (BX 762 ) was used w i t h

H — l
a time roso Lution üf ̂  2 ns. AIthough very fast procecces (k > 10 S }

were established we restrict ourselves to "slow" decay rates

k"
k <. 5-107 S ' (= T = l/. :• 20ns)

3- Results and Evaluation of the Data

In Fig. l typical decay curves of the I s t cunlinuum are shown.

Fig. 2 shows the time resölved spectra of the 2nd continuum under

red wing excitation (A = H90Ü and 1500^, Fig. 2a) and X = I470&
exe exe

excitation {Fig. 2b). In both continua, very fast processes (decay

o _ i 7 _ I
rates kf > 10 S } [juexist with slower processes (k. •- 5-10 S ).

The slow contribution to the Ist continuum is dominated by one

sinele exponential (decay rate k ). k, dominates more äs we excite
0 r * fast

further intn the red winfc (i.e..' > IA90A), For a fixed wavelength in

the red wing a similar trend holds for decreasing pressure.



In the second cont inuum, k,. i s a e n e r a l l v w e a k . For • ' 147QArast b - exe

it i s a lways p r e sen t but for \ s l 470Ä it can h a r d l y be de tee t ed.

The slow part "f ehe 2nd cont inuum i n c l u d e s very pronounced r ise t imes

and can no langer be descr ibed by a s ingle txponen t i a l . There fo re , the

tirae resolved spectra were f i t t ed by a sum of e x p u n e n t i a l s ( least sqare

f i t s ) - Only tliose parts of the specCra were used in w h i c h t l i e cutnponents

k, have alrt-ady d isappeared .
fas t

The decay r a t e s , k. , of ehe 2nd c o n t t n u u m are d i s p h i y e d in

Flg. 3. For exc i t a t ion far into the red wing (\ I500A) on l y one

(2)rate, k is f o u n d , ( F i g . 3a) . For e x c i t a t i o n in the near red wing

(1500& > -\ 14708) an dddi t ional decay r a t e k., " is seen.

( 2 )A third ra te , k can be i d e n t i f i e d in a l i m i t e d pressurt1 ränge (Fig. 3c)

for resonant Xe P and blue wing e x c i r a t i o n ( ' < 1^70Ä) .

The n e c c S K i t y f ü r i n t r o d u c i n ^ a t h i r d r d ie arosi1 btcaust- the

Standard d e v i a t i o n for a f i t w i t h on ly two e xpor.ent i a L s ( l i k e i n f r ' ig . 3a ,3b)

was drasticallv worse for '/• < I470A timn l u r '• • 1470A. In gtneral
1 ex c-x

a f i t of decay curvts inc lud ing t l i r ce e x p o n t r i L i a l s doos not givc w e L l

def ined values for t i ie f i t t i n g p a r a m e i e r s . We r e d u c u d the numher of

ad jus tab lc exponentials to two a s s u m i n g the aame p r e s s u r e dependence of

k in Fig. 3c äs in Fig. 3a and Fig. 3b.

The füll line for k. in Fig. 3 is a least sqare fit which yiolds

, U) , (2) ^ • , ,
a pressure dependence k. = k + i.p wtta H|

A -14 3 -l (-)
» 10l ns and ci. = 3,1 • 10 cm S . The pressure dependence of k

(2) 9 - 1 4 3 - 1
can be fitted äs k^ - ct^p 1- ti^p" with a = 7.8 -10 cm s and

2 2^ 2f l
_T9 t ^1

ß^ = 7.5 • 10 cra s . Wi th in the experimental s ca t t e r , tiie p o i n t s

- 4 -

of k ( 1 ) f i t U ie sar.e expressicin.

The sua t t i ' r n f the few points of k (2)

analysis. Aasuming k.

cm s and fi = 5.2

= 1,6

tlucs not enüblc a saie

-12
= 'i,.p * ; p o^e obtains i = 1 , 1 •

10 cm s . A simple p fit yields

10

4. Djscussionnf the results

In order to im: ilitate the discussion, potenlial curves of Xe

are given in Fig. 4. We first conside.r the results for red-wing excitation

^ _ - 147oX for the first continuum.

In this case, the formation and the radiative decay of Xe is

described by:

^
(U

Ln addition to the direct radiative decay, vibrational relaxation takes

place with a two-body rate constant of 8 • 10 cm s" (7).

This togethtr wich intersystem crossing leads to the population of the

Htates showing up in the 2nd ctmtinuum (see below). The long decay rate

in the Ist continuum can only be understood if the ptipulation of a

metastable resürvoir takes place an the time scale of k through an
L Ü S t

additional decay channel. This channel may be colligion assisted.

Holecules may be dissociatcd into the metastable Xe4 P or even into

the radiation trapped Xe P Please, note the crossing of the 0

3
state with dissociativ^ states terranating at P, (Fig. 4). The relative

* 3 * 3
amount of Xe P and Xe P raay be a sensitive function of excitation

wavelength.

The met.'iHtahlc reservoir then feeds back into the Ist continuum

via three body collision:

- 5 -



m o l e c u l e f orntat ion k beeause the ef t'ec t iv= l i r e t i r . c „>i v i b r a t iona L l y

e x c i t e d Xe.j mo U 'C ' i l os is a l w a y s very srcall n o m p a r e d :••; t'::t- r a t o oi

rao le i -u l i 1 foni i . ' i t i i : n fo r tho p r e s s u r t ran^e under inv i 'S t i j ;at ion. The f a c t

that t l i e r e l a t i v e i n t o i u i t y o f E h e Ions; c o T u p u n e n u decru . i ses w i t h

decreas ing pressure Suppor t s our dssuir.pt i on ci l a co 11 i s i n n .is s i s l ed

popu la t i0:1 D!" t h i - rot-1 asi ab l t 1 r e s e r v o i r . The decrt-ase of ehe r e l a t i v e

intensi ty of the l o n g compo-.er.t w i c h d t -c reas ir.g e x c i t a t i o n e n e r g v is

due tu tho i r c r e a s i n g e n e r g e t i c d i i t"eri-nci ,- b e t w t - c n tlu' i r n U d l l y e>:ci te

s t r i t t ' ;md t ho enor^y n f t he r u h e r v i ) i r .

For *. :. I500A, the long cor.por.ent in the I s t con t i r . uu r i andexe ° r

consequencly t he popula t ion of t he mc-t äs t ab l e rescrv tur i s, ne>; l i.', i h l t j -

The v = o ü and l s ta tea which show 10 in tlit.- 2r;d i : ü i i L i [ i u u m are

populated via v lb ra t iona l r e l axa t ion and i n t e r s y s t e m cross ins . Tho d rcay
2)

(.21

of ü is responsTble }or thc last c^mpunont in the Jnd continuum. k

describes Ehe decay of l staies. The linear pressure depciidence of k.

(see Fig. 3a) is attributed to collisional rn:-anu of l and 0 statt1;
u u

ob tained by ex t rapo l a t i :tn t D KIT o -.iivssLire y i ^ l d s a r ad L a t ive l i i'o 11^1-

of 10! ns for t he re laxed l st .He.u

For I470Ü ': ' • 1-90Ä population ot t tu- riritas L.ibK' reservoir
exe r

after initial cxf i tat ion cannot hc nf^let: ted . In that rase the 2nd

continuum statts .sre populated v i ;i (a) re l ax.it ion iiar.cdiacely af t er t he

jf
creation of Xt=, molecules (see above) and, (b) creatu-n r.n molecules

starting from Uie metastable reservoir, followed by rt-Laxat ion. Tlu- p~-

(2)
contribution of k? is attributed to molecule for^ation and is the sarce

process äs i s seen in the l st continuuin. In tho SL-cond con t inuum the

- 6 -

r;itc (i t t f i r n i a t i u n u f t he m o l e c u l e s and the decav r a t e of t iu> l s tate
u

clearly cruss at a pressure of ' 350 torr (Fig. 3b).

(2)
The oriyin of tlie weak linear contribution to k0 LS not clear.

The measurcd rate con-stant ~ay be a superposi t ion of load processes in

the metastable reservoir like colHsion induced transit ions, cnergy

transfer to traces of irapurities and collisional nixing b^tuei'n P

and 3P2.

Under resonant excitation of Xe ( P ) (I470A) both Xe ( P }

atoms and Xe.. molecules are produced due t o the band pass of the exe i t ing

light. The molecule is formed in the repulsive l state or the bound

+ 3 o0 statt1 both terminatinH ;it the P, levt'l. Excitation with X •'• I470A
u l exe

leads to the repulsive l s täte. Conipared to red wing i'xcitation,

a great part (\ 1470A) or even all the excitation energy is inmediate ly

stored in the metastabile reservn Lr and consequently the long components

domi nate in ho t h cont inua . Neuer thc l es s , in Liie Ist tont inuum, the

+
directly excite-d 0 nolecules manitest theiriselv^s in the ä t i l l existirig

fast component uhi ch, however, can no longer be deduced in thu Jnd

continutini with confidence.

> (">)
The existencü of two decay ratts with a p -contribution, k " and

(2)
k„ , in tho 2nd continuum under resonant and blue. wing excitation can

be t enta t ively assigned lo raolec.ul c inrma t ion starting f rom ei the r

* 3 f 3 (2)
Xe ( P ) or Xe ( P ) atoms. It is plausible that k- is only measurable

under resonant or blue wing excitation. Then the 2nd cuntinuum ia exclu-

sivt'ly populated via the metastable reservoir. under red wing excitation,

a g n-at fraction of the 2nd continuum is populated directly via relaxation

uf the initially excited molecular states. The fraction which includes

(2)the metastable reservoir is obviously not large enough to bring k into

play äs well under the red wing excitation. Moreover, under red wing



e x o u a t i o n tht? f a s t r ompo nen t , k du es not a l K>u f o r a safe fit üf
I aä L

p)

t he rising part of the tiae resolved apectra. T h t valu^ ,-•! k are

raorc sensitive to tlie rising part than t o the decav.

5. toinpar_i_son w i t l i Ht^rature values

Our numeru-al results are summarised in t ab 11 l, The r t? t. u] t für

the radiativi' lifetirae of the relaxed 1 _ statt agrees well wi tii the

values report.ed in Refs (7-11). The value reported by Ghelfenstein

eC al (3) (60 ns) can be ruled out. The decay times of the 2nd continuum

{i \d by 0. Dutuit et al (4) fit into our curve of -̂. extrapolated

to low pressures. We cannot follow the conclusion of Poliakoff et al

who discuss thcir result of 112 ns äs a louer l i m i t tur t ht1 radiativ«

lifetime of the.' relaxed l state (5).

The Tumult tar tlie collisional mixing of I and ü (upward reaction)

in qualitative agreernent with (7, 12). Good agreement with other

measurtfments is found for the threebody ra te cons tant deduced f rom k '

The rate constant tentatively deduced from k , to our knowledge, up

to now has not becn measured betöre.

Tbe general a^reenient with rererit experioeats using either e-

(9,10,12) or a-particle excitation (II) demonstrates that monochromatic

Synchrotron radiation is a powerful toul l'or sorting our varinus competing

relaxation processes and reaction kinetics. It enables an eveti more

detailed analysis than data obtained with unspecific excitation. Finally,

with present data we clarify the Situation of contruversial results

obta ined in earlier experiments with Synchrotron radiation.
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TABLE

Three-body rate constants and lifetimes obtained from our me.'isurements

with Synchrotron radiation and comparison. with some literature values

(compilation not complete).

this paper l i lerature ualues excitation source

radiat ive lifelime of the relaxed Xe* (1 ) s täte in ns

(10! ± 1)

rate constant

3., - l<fl<

rate cons tant

7.8 - m'32

5.2 • IO~JZ
or

1.6 • 10

<%±5) (9); 99(10); (100<-2) (12)

(102-2) (11)

(101=20) (8)

60 (3); 1 1 2 (5); 100 (7)

(6.6 ± 1.8) - 10~15 (12)

4.6 • 10~'5 (7)

8 • 10~32(I3); (8±0.7)-10~32

4 • 10"3Z(10); 7.8 • 10~3:?(8)

9

e -ticara

a - particles

discharge lamp

Synchrotron
radiation

3 -1
cm s

Synchrotron radiation

6 -1
n cm s

afttTi-liiw (13}

other Refs. see above

Figure CaptIons

Flg. l Decay curves o t the Ist coniinuum mcasured at 1520S.

For i-ach t-urve ihe pressure (in tnrr) and the excitation

wavelength (in A) i s given in the figure. l u t ens i ty i s

plotted in a logari thtnic si:ale. The tine scaU> is the same

for all curves. The zero point is shifted fru r. rurve to curve

Fig. 2 Decay curves 01 the ^nd continuum measured at I700A.

a) ri_'d wing cxcitati"nt b) resonar.t excitation (1470Ä).

Tlie pressures are given in the figurc.

, (2) (2) (2)
, k T , k, o f the -?nd cont inuuraFig. 3 Decay ra tes k

äs a function

wavelengths (given in the figure).

2 ' '-3
äs a fu.nct ion of gas pressure for different excitation

Fig. 4 Potential curves of X<?.,, based on a recent careful analysis

of experiraental data (14) and thcoretical calculations

(15). Repulsive 2 states terroinating at P, are
"g'u

or.i tted.
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