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Abstract

etr.issiüTi spealm. The temperature and voncentration devendenoe of

these spectra is ustsd t-o sort out enrisnion fram distorted sites. Ihn

dependenee of E/IÖ liftetimvs an l&rqjeratv.re reflec-tn the eompetitiar.

betusan mäiaki'je and nonradiative d&vay.

von Anregwjä- una rtwissiomspaktren zugeordnel. Die tinicsiansb'Viden

von gestörten ZenirM lassen sich an. Sand des Einflusses der Konzen-

tration unä dar Temperaiitrbedingivigen auf diese Spektren abtrenner,.

Dir. Abhängigkeit, der- Lebensdauern von dar Temperatur spiegelt die

Konkurrenz von strahlenden und strahlungslvsen Zerfällen wieder.

Now aL Deutsches Elektronen-Synchrotron, Hamburg, HASYLAB.

- 2 -

l. Tntroductioti

Kare gas m a t r i c e s doped wi th rare gas atoms served äs exaraples to

discuas various problems including the naCure of electronic states

of guest aLoms (1-7), the. pathways and efficiencies of energy trans-

fer procesaes from the matrix to guest atoms (7-10), the relaxation

in the manifold of guest atomic states (5, 6, 9, I I ) , the formation

of bubbles around excited guest atnras (5, M, 12, 13) of homonuclear

^uesC TDolecules { I I , 12, 13, 14) and of heteronuclear guest-matrix

molecules ( I I , 12). The prlmary exciced sCaCes are known fron absorpt-

ion (1,2, 13) and photuelectron spectroscopy (3, 9). The relaxation

cascade f.onne.cting the primarily excited states with the emitting sCates

has been studied recently in detail for Xe, Kr and Ar guest atoms in a

Ne matr ix by time resn lved excitatioii and emission spectroscopy (5).

Fnr Xe and Kr guest atoms in Ar matrix the luminescence bands have been

öbserved a f te r ionizing excitation with electrons ( 1 2 ) , X-rays (15)

and O particles ( 1 1 ) . Some experiments w i th optical excitation. have been

performed fn r Xe in Ar (14 , 16, 1 7 ) . The emission bands have been

assigned in analogy to gas phase data to atomic impurity states and to

homonuclear and heteronucLear nolecular impurity states, We present

excitation spectra for the emission bands of Kr and Xe atoms in Ar mat r ix

to iden t i fy the eicission fron isolated guest atoms which are placed at

undistortet lattice sites. Emission bands which can be excited by photon

energies below the threshold f.ir ahsorption of isolated ato;ns and which

are sensitive on annealing and on concentration are attributed to guest

atoms at distorted lattice sites. In th i s way, we try to sort out

eniission from guest atoms at s i t e s which are connected to voids, to next

nearesL neighbors, to nearest neighbors or to clusters nf guest atoms.

Decay curves support the assignment of emiss iun bands. The temperature

dependence of the decay curves providcs inforraation about the balance of

radiative and r ad ia t ion le s s proccsses, The investigations of R e f s . 16

and 17 are extended to excitation energies beloi*1 L he anset of the mat r ix

absorption. Compared to R e f . 14, we are ablc to separate the individual

eciission bands in the measurement of excitation spectra completely.



'l A. The d i s p e r s e d Li;.;1!! has been focused out o t ie sairple.

which has beeu cooled by a l iqu id Ke f low cryostat to temperat i i res

between 300 K and 5 K. Tlie e i " i t t cn I f j j l i L t i a s been d i spersed w i t h ä

band w i d t r : of "•' 20 A and h.is Ofen d e t e c t e d by a microijhannel p i a t e .

The emission spectra are r.ct cerrt 'c . L et; f [>r t he wavelength depeiider.ee

cif the e f f i c i e t i cy of t he de tee tor . Thr. et t i c. i c.ney decrtases mono-

ton ica l ly by a f a c L o r o f 4 i n po inc r rom 10 eV to 8 eV. The

e x c i L a t j (in spurLra are [•.••rre.i1 Ltd . Lo r the wavelcnpth dependencc o t r he

i n t er. a i ty of the i ncomi r^g li--*TiL . For t ':u- der.ay t iuie iveasurement S

the short pulse w i d t h of .he l igh t i l a sh of 130 pscc , the hi^ii r ep t ' t i t ion

ra te o i 12 j M i i z an<! L he smal l j i t t e r of the microc.iannel p l , r N- h;we

been c x p l o i t n r f in the- s i n ^ l c . p h u t t m C i i n n L LEI;: t t -chi i iqua » In t :h j_s "ay,

a t o t a l uid t h of chv responsf iimc t i nn ff ^00 psne h H.s been öl t a i r. E?;' .

l y i . .ecoivulutiuii decay t ine s down to 5"' p f e t - h v^ heen determüied. The ex-

per In;ent;i l N L: t up ( 1 8 ) ;> id [ h > d ^ L . - i l i . i n d l in g (5) are describt-J 1:1 r i o r c

dct . i i l S !• l f - f 'V; f lRrt": -

Tbe' jase.1 , li-we beer, •n ixea with partial pressures accord ins .^ to tho

indicated concentra t ion LI: an n l L r a h i t; h V.-ILIIU::! gas handl ing sy st er..

Tney have hci-n dt'.pn'i i Lud =1?; L h i n ^ i l i ^ ' ; v i t h t in" c k n e K s e K bi- i tween l M

Kr (99 .997 % j ; Xr (99 .997 %) . Thr nhworvi 'd int ousi L i i-s and d-ji-iy ti^c=S

d i d rat depend o n t i mc a f t e r p repara t ion wi th in soree I I O M T S . A- i i > r

,-inneal inii, of the f i Ins a L l r ) - 20 K ! er ; ihoul_ l 5 n.i n u t e s , the SpcC t r T ,

l if o tiv.ies and t he i r t e m p y r f i L u r c dcprndoncc ri . ivt 1 bi'r.n r e p r ^ d u r l b l e f o r a l l

f i h i i K . A l a n chan^ i?P due to annea l i ag have been r ep roduc ib le .

enerpy of 1 3 . 8 eV correspcr.ds to ' r i - r e e i o n uf the n - 2 LO -i ^ 3

exe i L i i i i s u f t!i€ Ar r.a tr i :< and the l ip .ht i s absorbed '-•a i n ] y in r l'e

bulk o t L he i i t i ä t r i.\ By ensrr'.'.y t r das f er p r oe. e--j.se s prob ab l y all the

dif f eren t er i > l i n;- sta Les of Kr atoms are popula ti'.d . These condit icns

are s imi la r t o exe i t a t ion v i L h ienizirs- r ad ia t ion. Tu l he 1 öl l o w i n g

arguini'.r.ts w i l l >e ,iiven for .in ass ignmen t o t the band s a and b t ;> Kr

atoms a t subs i i t. n L ior.al ur.d ist or red si tes in e x c i t e d s ta tes s imi la r

3 l
t u tlie atorric P and P s t a t e s resper.t ively. Band e. r .orresponds co

t-
an r-xe. imer-1 ike eni ssion Kr? dne t o pairs o r düster s of Kr g n e s L ato

The band s d , r ;md i" are a t t r ih t i i (id tu excited s la tes of Kr ators a L

d i stör ted l a 11 i c c s i t t;s w i s i c h can i ne. l ude s i tes wii.h n ex t neares t

nc1 i g h h u u r s of Kr atoms or Kr a toms in the neighbourhood ot vo ids or

perhaps ext: i Led heteronuclear nin l ecules K

are due to tbe Ar m a t r i x .

re-!axed A

A r , f i na l ly , band-; g and h

corrcsnonds t o emissi on l 'rom vibra t i ona L l y

*2 excimer ccr .Lers and h belongs e i t he r Lo v i b r a t i onal Lv

ho t Ar T cen te r s er u> a to rn ic l ike A T,r (.-.enters. Thr emission bands of

V'\<fL. l are l i st ed in T;ih l e l and comparcd w i L h earlier expcr inients using

ion i ü ine radiat ion. Thi1 I d e n t i£icat ion o t L l i e bands g and h i s eviden

from the s i m i l ^ r energies and

i . e . more er t i i: ient

a toms (F ig . L-i) and f rorr the assönce of i t i e s e

ion mergi U K Löwe r Chan t he Ar n = l exe i ton energy

i n t c u s i t ies in pur r solid Ar f ! .' ) , fror:. t h i

decrease in int cns i ty w i t h l arger Kr con.centerat i

t j Tiergy t r ans f er t

bands Tor cxci ta t i

(Fi£. I b - l d ) .

T.:e o r ig in oi the hands a and h f o l l ows fro^i a compari son of the e ^ c i L a t i o n

sne.cira of these bands ( F i ^ - 2b and 2c) w i i . h absorpt ion s p e c t r a of Kr a toms

m Ar mal. r v x (Fig . 2a } . Ilue l. o L l i e limited f i I IP t h i c k n e s s , the sarnpl L;S

.•jre easentially transparent for photon er erwies below t h t > n - l exe i ton of t he

Ar rn;H r i x {'''- 12 eV) except n( t - iurgies c.orrcspnrid u-.g to a h i t:*; ahsorpLioi 'L

c c e f f i c i e n t of l h t - Kr ator,:s in th f ' ~" ------ - ' " ' " ...... ;

m i l a r i Ly between the exe. i L;

Therefore we expect a c lose si-

La t ion and absorpt ion apec tra . l he. f i r s i m a x i m u m

in the exci l ;ü i 011 spectrum of b ü n d a (Fig. 2b ) reproduccs the absornL i L>:I band

öl" the n = l esciton of ihe Kr. ^uest a toms in tlie Ar m a t r i x f ^ i t ' . 2a) w h i c h

corrcsponds LO tue P tratisit ion t;f free Kr a toms . Thus hanü a i s ;tt t r Lbut ed
3 '

to tlie Kr P. S t a t e . T h o. absorption band is shif ted by 0 .79 eV to tr.e b l ue

rnmpared L o L h t gas phasr ar.d the emission band l i e s hal f u a y b e t w e u n t h e

matr ix a b s o r p L i o n and the f ^ a s phast ; va lue (Tab. ?) . In the- sair.e wiy , Ll ie

emiss ion band h ( l r i p . 2c j can be i c l e n t i l i e d wi th the n 1 - l Kr exciton in Llie



r ä h K o r p t i o n , emis s ion and >;as phase energies are vcry s imi l a r fo r bo th

hands a and b ( T a h . '>) . These . s h i l t s are vnry large compare.d tu Lhe

m a t r i x piionon energies of about 5 meV. The lar>>.t= eas to mat r ix sh i f t

in a b sc rp t i o n i n d i c a i e s n sinnig e l ec t ron phonon c o u p l i n g between the

e x c i t i ' d Kr ator.is and the surronnd iny. Ar l a t t i c e . The large r e l a x a L i o n

iMUTüv u i von by t hü d i f t orenee. be tween absorpt ion and enission dercon-

s t r a t e s an upprec i ,ible rear ranpemrnt öl t. h t; n t a t r i x atoms around the

o x c i t e d a tuns . Ttu j er.ergy sh i f t in d i r ec t ion to Lhe gas phase va luc

snt '^ests a hubbU' l i k e rearram'^™^ ( r ) ) .

A V a r i a t i o n of the cnnrcm rat ion and the annealinf condi L i o n s (Fiii. I b , c)

shows t h n t o n S y L!R- bands a and b renn i n in we l l annealed sanples et low

d o p i n g coneen t r a t i on. T h e r e f o r e , Chese band s arc- assigned to i s o l a t ^ d Kr

ators at und i s L o r U>d l a t t i c e y i t ; ; H . l:i these s i tes a subst i tut iona l re-

placenieiit of Ar d L ü i n s by Kr atoms is l i k e l y , s ince the i n t e r n u c l e n r

s e p a r a L i o n in tlic j^round s ta t t : of a free Ar - Kr rw i l ec .uLe of 3.80 A - 3.94 ?

( 1 9 ) is on ly s l i - ' t a l y lar^er than the n u a r c s t n e i g h b o r sepa ra t inn öl 3.7 ri [i A

in an Ar r r y s t a t . The bands ii and b accidental ly coinc. ide wit l i er.ission

bands of N a toms i - i N'e i v a i r i x (20) , bnL an assijmitent to N atoms ( l ' j ) ha s

t u he rejei- te-d for our san.ples.

exciTrers and w i t h t l ie r a i n o r i s s i o n band of so! id Kr due tc Kr^ exciner

l i k e centers in t in: c . r y h t n l . The i n t t i i s i L y of band c ini-.reases u i t h the

eoiM:£ ' i iLra t . io r_ (F ip . . l ) and an ass ignment tu Kr 2 centers a t pairs er

c l u s t e r s o f Kr at<m:s in tlic Ar r r a t r i x i s ev iden t ( T a h l e I ) .

E m i s s i o n ba- ids d and e (! r i i : . Id, 2d) can ho rx t - . J ted w i tn energics hc l ow t l i e

nnset u l" a b s r r p t i o n .11 i so la ted Kr aLo : i>s i 11 the Ar t n a t r i x ( f i j : . 2 a ) . ATI

o K c i t a t i (i r s p e c L r u n : of bard d for e x a m p l c (I- ' i j i . 2d) shows an O I I K C L arour.d

!ü eV w h i c i - , is s i " i i l . i r m the f i r s L absorp t ion n t s o l i d Kr and also öl f r ^ i -

Kr am™, but w h i c i i i s l eV below tln' n = l ;^r exci ton in Ar r a t r i x ( T a b l o I)

I l - . e r e f o r t - , Kr a t o m s near vo ids n n d / o r p n - r n of next neares t neii ' .hhor Kr

a l o m K m a y be resp.T = i b l >' Mir thesc oini ssions. The enrr^y t: f ' -and e l i e s

r.^ar Lhe üi icrgy of f ree Kr a toms . The cnc-rgy of band d is s i t u a t e d

b e t w e e n L l i e cuer<:\  of f ree Kr a toms and of Xr„ e x r i m r r s . Perhaps

band e h e l c n g s to K.r s i tes at voids and band d to next m-arest ne ighbor

Kr p a i r s . Hand o has a lso been a t t r ibu ted to heteronuclear m o l e c u l c . s
•#

Kr Ar ( I I , 12 , 15) . The s t runvi increase in i n L n n s i ty of band d and e

wi t h conccr i i rat ion compared t o the bands a and b (Fig. I b , n ) suppor L s

an assifr .ment t o next nearest ne ighbor pa i rs but also t o di:ü'i: ts l i k i -

v o i d s u h i c h can he caused by the d i s t o r t i ons in tbe m a L r i x d u e to the

dopand . The rt 'duction of band d und c af t er annealing is a f ü r t her indicat -

ior. MIT Lhe c o n t r i b u t i o n of d e f e c t s to these emissions . An a s s i g n m e n t of

band d to Kr Ar molecules would inean L ha t t he forrea t ion of tliese cen te r s

i s induced by l a L t. i cc - d i sLor t ions or by the presence uf I H ' X L n i ' a rcs t Kr

iieighbcr s . T'ie weak eiri ssior. band f behaves s i m i ] ar t o the bands d and e

and i t i s a t l r i h u L e d to an u n i d r n t if ied site (Tab. I ) .

A eoii tparison '• \e i n t r n s i t i c-s in the emission bands w i t h a s L s i t i st i r;il

d i s t r i b u t i n n of the. Kr atoms in subst i tutional plac.es t: i the fcc l a t t i c e

is obvious, s ince electron d i f f r a c t i o n s tudies ( ? ] ) shoiA-ed that Kr and

Ar T-. ixtures form polyi : rysta l l ine f i 1ms without segrega.tion of the compciien! s

for s i m i l a r preparation condi t ions . For a Kr concent ra t ion of 3^ it is

expected that 58Z of the \'.r amms are in isolated si tes, 197 h.-ivr. a next

n e a r p s t n c i g h b o r K" r a tom and 23Z are pairs or larger c l u s t e r s of Kr atoms

(22"). The emission spec t rum Tor T% Kr in Fii ; . l a y i e ld s r e l a t i v e i n i c - n s i t ies

f ü r i l i e bands a LO c- nt 8%, 182 , 182, 26^, 30Z respec t ivc ly , a f t e r a rough

i -o r r e i - t i on for the s e n s i t i v i t y of the detect ion sys tom. Th i s means t l i a t

band a and b contribuLe LogeLhr.r 26% to the isolated sites ar.d band c

,-ihout 13% to the Kr pa i r s , Tf we assume that band d s t r m s from next u c a r e s t

ne ighbor pa i r s and band e fror: i so hl Led Kr a toms at void s (s et' a tove) ,

l heu wt: cont1 t n 5f i% st i s o l a t e d s i t e s , 2b% at sites w i t h rext r.earest Kr

ne i fhbors and 18X of p a i r s and c lus ters . T l i i s i ; . s t i r>a tc is in s u r p r i s i n p l v

jood ap reen'ent wi t h tbe e x p e c L ^ d d i p t r i but ion ,

The r i s e t i m c s i ü f L h o bands a and b for e x c i t a t i o n of n - I and n ' = l Kr

rxc i tons are shortcr t l i an our de tec tab le l i m i L of 10 psc-e.. Thereforf the

rnatri K relaxatior. wbic l i l eads t o the ptipul n t i o n of t 'ne ersi 11 ing s t a t e s is

e x L r o m o l y f a s l f < l i ) t .er) äs -! r a Me m a t r i x ( 5 ) . The decay t i m e s at fi K

(Table 3) are s V n T t t r by a factor of about L L l i a n cn r respond i i i ; r a d i a t i v e



l i f e t i m e s in ehe gas ph.asr and in the Ke n a r r i x ( 5 ) . Lnc.il f i e l d

corrections and ehe blue shift can explain otily a shortening up to n factor

cf 1 .5 ( 5 ) . The s t r o n g in f luence of r a d i ü t i o n l c s s processes on

the l i l (U irre of the Pi s tu t R of Kr in Ar (band a) f öl lows fron t-he

s t rong reduc t ion of the i i i tensi ty and of the l i f e t i m e of this t r a n s i t i o n

w i t h i nc r ea s ing t empera tu re .

From 6 K to 2fi K the l i f e t imes go down frora 850 ps tu 60 ps (Fig. 3 a J .

The proport ional decrease of the in tensi ty indicates radiat ionless
3

quenching of the P. popula t ion . The rate c o n s L a n t s l-'(T) shnwn äs crosses

in Fig . 3a have been deKcr ibed by a sura of rate cimst an ts fer radi at i v?

decay , U's and n o n r a d i a t i v c relaxation w n E ( T ) .

For Ws the v a l u « eif U"g = 5 y. 10 s for Kr in Ne has been used. Wns has

been l i t t ed by an expression derived by Jortner (23) w i t h i n ;i c .nnf igura t ion

coord ina te model for energy transftr and r ad i a t i on l e s s e l ec t ron ic r e l a x a t i n n .

IM (2S fv<v+l)}" 2]

S is the e lec t ro i i -ph i j i iu i i coup l ing s t r e n g t h , IH [ z ] a mod i f i ed t iessel

l ' unc t i c in , Va(, the e l e c t r o n i c mat r ix e L e m e n L , fi LJ„ a mean phonnn frequency

of L h i ' sys t ein. ^F correspond.s Ln t h n energy Rap be tween the mini rea of i n i t i a l

and f i n a l n u c l e a r p o t e n t i a l surfaces and N J E the number of phonons emit ted

in the r e l a x a t i o n process . A fit of the shape i:f t. he p x p c r i n i c n r a l L i^mpera tur t

r 'ependeTiee of IC(T) leads to 4 meV - fi 01 - 6 meV and restricts S and N to

tiie area bet^een the dashed Lines in F i g . 3b. An upper ümic f ( > r V.v of

'•'ab! ~ ' *'v t o?ether w i t h tl ie experimental value of the t ransl t ion ra te at

;(> K r i 'qui res v a l u c s of K which are largi'r thar the border indir .ated by the

s o l i d l ine in t'iy., 3b. This border res t r ic t s S and N tu f h e dashed area in

Fig. 3h.

A f u r t h e r spec i f i c a t i o n of the parameters S, N, Va^, fi L,! r eqn i re s a

olioice of the electronir state s involved. P l aus i hie relaxation processes
3

are nonrad ia t ive re laxat ion to the ground s t a t t 1 or to the P. s tate

which are the only lower lying s t a t e s in the Kr atom or energy t rans fe r

to centers emi t t i ng band e, d, e or to an un iden t i f i ed species . Re l axa t ion

to the ground state is u n i m p n r t a n t , because U would be of the order of 2000

requiring a coupling constant S > 1000 (Fig. 3b), uhereas the fwhri of the

transit ior. in abso rp t ion of 110 rneV (1) l i r a i t s S to R < 150. Energy t r a n s f e r

to the centers responsible. for the band s c , d , e can be exe lud ed., because

the intensi ty missinp in band a al higher temperatures doe.s not appear in those

bands. Also add i t iona l cmi ss ion bands from unident i f ied cen te r s have not
3

heen observed. The P. s t a t e is probably depopulaLed by nonradiat ive
3

relaxation to the P- state which l i e s in the gas phase 82 meV below the
3 3 .T

P] s ta te . The enprgy gap AK is given by the Spl i t t ing of the P. and ?2

s ta te in the matrix which can he s l i g h t l y changed in the m a t r i x due to a

d i f f e r e n t gradi cn t of the potent ial . The electronic mat r ix e lerne n t Va^, i s

due t o the spin-orbit interac.t ion cf the exe i ted Kr elec tron in this case

w h i c h eauses also the Spl i t t ing of PJ ar.d P2 , There fo re , the value of K'^!

should be of the same order of r.agnitude äs the S p l i t t i n g . The dashed area

in Fig . 3b a l lows a choic.e of pa ramete r s which is consis tent w i t h t h i s ex-

p l a n a t i o n . A possible chöic.e is K = 30, S = 9, fi_^~ - 4 meV which y ie lds

AE = 120 meV and lva | , l = 135 rceV. F i t s for the t empera tu re dependence of the

t r a n s i t i o n rate for s i ir i lar paraneters am shown in Fig. 3a. The ran^e of

c o n s i s l e n t parameters extends to N - 50, S = 2l, fi up = 4 meV y i e l d i n p

A P! - 200 reeV a n d | V a b l = 110 meV.

W a d i a t i v e decay f rom the ?2 s tate- to the ground s ta te is d i p o l t - f o r b i d d e n

anci the i n t e n s i t y stored in the P s ta te has to be quenched nonrad ia t ive ly to

thp jjround s tate or to a s ta te emi t t ing h e l u u the detector threshoUl at 7 eV

äs f ö l l o w s fron the decrease in t l ie i n t e n s i t y . T h i s is d i f f e r e n t to t he
3 3

case of Kr in Me matrix where no relaxation from P. to Po has been observ^d

and where , when popu la t fd , the P j state decays radiat ively, but w i t h a

The l i f e t ime and the intensi ty of t h e P s tate of Kr in Ar does; not de.pend

on t empera tu re up tu 28 K. This is surpr i s ing , because of the presence of

the PO s t a t e which l ies in the f r « e atom also c n l y 82 meV below the F ;

3
.state. Fur the r , the in tens i ty of band a ( " P . ) is p r a c t i c a l l y zero for



e x c i t a t i u n , i f the n ' - ! ( I ' , ) excitcm (Fig. 2b) in wel l amiealed

Kamples w i t h lou concent raL i nn (0.0370. This indicates tha t no

i n t r . - i a t o m i o nonradia t ive re laxat ion froTn P ] to P ( takes place .

A c c o r d i n p to the s t a t i s t i c s in the experiment a lower l imi t of £>5 nsec

f o r th is i - c - L a x a t i o n l i m c i s derived. W i l l i increasinf; K r coticentration

the "V emiss ion can be e x t - i t e d throuf-h the n ' = l exc i ton reach ing

i he same p robab i l i L y like by d i r ec t n = l exc i t a t ion at 3£. Rnabsorpt ion

i-ould e x p l a i n this o b s e r v a t i o n , because the P en'ission (band b) near ly

c o i n c i d e s w i t h ibe n = l a b s o r p i i o u band of Kr . Mo r t' probable i s

resonant i n tera torc i c energy t r a n s f e r htsiween an exci tc -d Kr atom in t he

' p s t a t t and a nearby Kr a tom in the ground state. T h i s energy t ransfe r

has heen observed also for Kr in Ne (5) wi th a Förster Dexter r ad ius of

a b o u t 21 'Ä.

F ina l l y HL high Kr coru-entrat ions the l i f e . t i m e s of the P ; and [̂  states

are shortened ( T a b L e 3). Thc- d o m i n a n t process w i l l he rescnant c n e r g y

t ransfer tu the cenU'.rs which err.it the handsd and e, s i nce L he spectral

overlap w i t h L he absorpt ion spectrum of the. "site cenCers" is la rge

a c c o r d i n g to the c x c L t a t i o n spectrum in F ig . 2d . The co r re spond inR

e x c i t a t i o n energies indeed Lead to the o i r i - i s i o n bandsd and e (F ig . I d ) .

The Jecdv cvirvt;« o" t!)i ' b and^ d and c c o n t J i i n a long l ivinp, hackbround

( T a h l ü 3) which is , -harac te r i s t i c for molecular r . cmLers in rare pases

( i n , 24) and w h i t - h is observed also for the h o n o n u c l e a r molectslar emiss ion c.

The s l > o r t compor.er.t y in the dccay curves of t.iie band s c, d and e are ra ther

s 11111]? r ( T a h l e 3).

r;. t xc i t a t i cn and Emiss ion S;i;n:tra for Xu in Ar

L - x i - i L o n s ta te and band 3 to the n = 2 ̂  i Lon s ta te n r i so l a t ed Xe atoms

i r. ;m Ar m a t r i x . The up to now (Tablc 4) r :ainly t -ons ide red bands c and d

. i r L ! e x i - . i l e d p r e f e r e n L i n] ly f a r belou t l 'e n = l exe i ton of Xn a toms in Ar

m a l r i x , a l s o in i l i e t ransparent- regio:- Vetweor . n = l and n = '.> o x c i t o n s and

in the ^cak a t - s r r h i i i i : re^ion of h i c ' u - r Xe t - s c i r m -.KK|S in Ar ( _ - i g . 5d,

iv i l ' . t'..r l i a n d d ) . The onset ( L ; i . . i d ) i n Llie e x c i t n t i o n s p o c t r a o f

emission c and d is s imi la r to the threshoid of ahso rp t ion of f ree Xe

atcnns or of pure solid Xe suggt 'st ;.rif, an assi gninent to eraission f r o m

speeial sites either connected to clustecs or voids, The appearance

even ;it low Xe coiicenLni t ion (0,01 %) f avours the asignment t o voids.

The P ( n = l ) s taLe can on ly be popu la t cd by d i rec t exci ta t ion of the

n = l exc i ton (F ip . 5c ) . No radiat ive or nonrad ia t ive r e l a x a t i o n f rom
3 i 3

higher excited states like n = 2, P , P .. . . to the P state takes

plat.-c w h i c h is s i m i l a r to Xe in Ne ( 5 ) . The probabi l i ty for radiat ion-

less t rans i t ions decreases e x p o n e n L i a l l y w i t h an increas ing energy fap

betvc-en the s t a tes involved (5, 6, 2 3 ) . The gap between the r e l axed

n = 2 and P s tates exceeds 0.9 e.V. A i - r t i s s i n g of t h i s gap would require an

order N of more t han 100 for the radiat ionless t ransi t ion i .e. an e m i s s i n n

of more than 100 ma t r ix phonons in one step. For the. l i f e t i m e of the

l1 s t a L e we o h L a i n e d 1.5 nsec . Tt is ahout half of the radiat ive l i f e t i m e

in the gas phase (25) or in the Ne matr ix (5) and seems to bti infhie.nced

by radiat ionless processes. The decay time of Lhe e.mission band a (n = 2)

was l enger Lha.n Lhe pulse separat i on of 8 nsec given by the repet i t ion

f requency of 125 MPz . Such long l i f e t i m e s are expccted from the n law

for the usci l l u L t i r s L r e n ^ t h in exe i ton seriös.

The red s h i f t o? the emission bands relat ive to the absu rp t ion bands

(Table 4) can be r a t iona l i zed in a conf ij^irat ion cocrd ina te scheine wi th Lhe

neares t neij ' .hhour Separat ion äs conf igura t ion coordinate . The red s h i f t fo l !ous

fron a bubble like increase of the con f igu ra t ion coord ina te (5). The change

of i he t r.'itisi L ion energies wi L h bubble radius , i .e . with the mean den s i ty

of ir.atrix atoms around the excited gnest atoms car. be es t imated from the

experiment a l dependence of the t rans i t ion energi es on the Ar densi ty ( r j ) i n

absorption spcctra of Xe atoms in l iqu id Ar (26) . The emission energies of
3 _•:

the l1 band corresponds to a reduci ion of i_he s o l i d s t a t e dens i ty of 1 . 7 6 g cm "

( 2 6 . 5 atoms A x 10 ) to about l.- ' i g cm . For the n = 2 emiss ion band the

abso rp t ion experiment ( 2 6 ) suggests a t - r o s s i n g of the energy versus d e n s i t y

curves of Lhe n = 2 and the P s ta te . The Ar dens i ty in the relaxed conf i -
-3

guration is reduced to 1 . 2 5 g er:. and the t rans i t ion has Lo be assigned

either Lo the P or the n = 2 ext-.i ton s t a t t - or tbe. Xe guest a toms. The
. 3 l

decrease in de rsn ty around the P and P (n=2) s ta tes corresptinds to an

increastf of the bubble rad ius by ; i b o u L 10% ctiF.pared tu the e q u i l i h r i u m

separat i on i n the g ruund s L a t e <?uo t o t iie rearraTipc.irrnt of the na t r ix.



Xe in Ar ha s been inves t iga ted by a p a r t i r . l e ( 1 1 ) , X-ray ( 1 4 , 15 ) ,

electron (12) and photon exc i t a t i on ( 1 4 , 16, 17) (see Table 4). In

these experiments the guest atoms have been exci ted i nd i r ec t l y via

energy t r ans fe r fron; the Ar rnatr ix, w i th the excoption of R e f . 14. The

use of energy selective Convertern i n s t e a d of a secondary monochrom.iLor

in R e f . 14 allows only to separate the Xe2 band f rom higher energetic

emissions. There fnre , the excitation sper.tra for the high energetic

emissiuns ( 1 4 ) represent a superposit ion of all cont r ibut ions and the

Information about the strong selectlvity of the e x c i t a t i o n r.hannels for

the d i f f e r en t emission branches is lost. The sträng cont r ibu t ion of the

bands c and d to the emission spectra a f t e r ionizing excitation and the

disappearance of band b can be explained by our excitation spectra. The

bandsc and d are activated by ionizing excitation due to L h e i r h i g h

excitat ion probabili ty (Fig. 5d) aL the enerpy of the Ar * emission band

(9,7 eV) which results in an efficient Förster Dexter type energy transfer

to these centers. The overlap of the single exci tnt ion band of b wUti Lhe

m a t r i x emission is small which prevents an r f f i c i en t population of the

n = l and P ^ state by i o n i z i n g e.xcitation.
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Table 2: Absorption bands (A), emission bands (E) of Kr in Ar ma t r ix

and in tue free Kr atoir, ( G ) . SLokes s l i i f t between absorpt iun

and emission (A-E) and maCrix to gas shift o£ emission (E-G).

Energies in eV

a)

P , ( n = ]} 10.79

P. (n 1 - 1) 11 .36 10,95

10.00

10.64

A-E

0.39

0.39

E-C

0.40

0,31

b)

a) G. Baldini, Phys. Reu. 137 , 508 ( l% r j )

b) L l i i s werk

Table 3; Dec<ny Limes for thc emission band« .-i, b, c, d, c of F i g . l

a t low and iiigh Kr concentration aC fc K. Relative contr i -

bution B of tlie lung background in the
-9

Times in l 0 scc .

i-.urve foir

band

Lifet imes

in Ar matr ix

0,03 2 Kr 3 % Kr
a)

gas phase

b Kr F ] 0.65 -0.05

si t.f?

s Lte

0.4 -0.05 3.18 -0.12

0.4 iü.05 3 . l l -0.12

1.5

1.1 -0.l

1.1 -0.1

40

100

a) F-. Matthias, R.A. Rusenberg, E.D. Pciliakoff, M.C.

S.-T. Lee and P .A. Shirlcy,

Chera. Phys. Lecters 52, 239 ( 1 9 7 7 )
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