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l . Introduction

Since the first paper on the intrinsic emission of rare gas solids (RGS) l this

new f i e ld of lumineacence research has gained conaiderable interest |2 ,3] . RCS

are raodel substarices for Van der Uaals solids. The special properties of

exciton-latlice in terac t ion enable co-existence of d i f f e ren t centres. The

luminescence spectra are similar in solid, l iqu id , and dense gaseoua rare gaaes

thus l inking together concepts of ordered and disordered Condensed phases wi th

atomic and molecular aspects, Horeover, rare gases are promising candidates for

vacuum ul t rav io le t (VUV) lasers!4 .

In i t i a l ly , luminescence of tu;a was excitsd by o,-particles, electrons or x-rays.

Photoluminescence experiments were scarce due to the lack of suitable WV light

soucces unt i l Synchrotron radiation was used 5|.

Abetract

The VUV luminescence spectra of rare gas solids consist of free

exaiton and seif trapped excitori emiseion and give insight into

exffiton-yhonon interaetion, Detailed Information about the

emtting states is obtainsd from reeent time resolved investigations.

The apecial advantages of Synchrotron radiation excitation for

photoliorrinesQenae atidi-ee we disaussed.

2. Luminescence banda under atationary excitation conditjona

The luminescence spectra of BGS (Fig. 1) ränge from •>- 7 eV to ^ 17 eV. Emission

lines of free encitons (FE) co-exist with Stokes shifted lines of an atomlc

type aelf trapped exciton (a-STE) and broad bands of a nolecular type eelf

trapped exciton (m-STE). The decay of vibrationally excited (hot Lumineacence)

and vibrationally relaxed m-STE is established. Systematic treods of co-exiatence

•nd relative intensities are deduced progressing from Xe to Ne. Tne trends

and energetic positions are eummarised in Fig, 2.

FE luminescence is very weak (Xe 6-8 , Kr 8,9 , Ar |3 ). The small Stokes shlfte

(conrpared to absorption of n • l excitons, arrows in Fig. 1) are due to reabsorption.

Beeidee the n = l exciton the forbidden J * 2 exciton ahows up in Emission äs well.

In Kr, luminescence of the n ' = ! spin orbit split exciton ha:> been established|9[.

The main con t r ibu t ion is STE emission. The vibrat ional ly relaxed m-STE dominates in



the heavier rare gases. Vibrationally excited m-STE shows up weakly in K r | 9 ,

Ar 3 but ia atrong in He 1 0 , 1 1 , A similar trend holds fo r a~STE luminescence

(Kr|9 , Ar 3 ). In. Ne 10| it is the main Emission and resolves into narrow l ines

undet higher resolution which could be assigned to d i f fe ren t atomic atates

involved.

The general features mentioned above are found independent of the nature of

excitation. Details of the spectra (relative intensi t ies e t c . ) sensitively depend

on preparation of the samples j 12 .

3. Properstes o£ the luminescence centreg

The nrSTE bands (relaxed) are nearly identical with the second continua of the

gaseous phase which reault from the decay of the lowest excited electronic

states, ' E , to the repulsive ground state, T. , of rare gas molecules H,, •

Therefore the rn-STE bands are ascribed to rare gas molecules embedded in and

influenced only little by the surrounding lattice 1 , 1 3 | .

Two mechanlam for the creation of centres were p ropDsedj

(O Seif trapping of the valence hole arid capture of the cotiduction electron.

(ii) Direct seif trapping of free excitons via exciton-phonon interaction.

Exciton phonon interaction was analysed recently 1 5 , 1 7 | . In RGS, only defonnat ion

potential interaction with acoustic phonons has to be taken into account (optical

phonons are absent in fcc-RGS). Using a trial wavefunc t ion for the exciton with

a variational parameter , a, which describes the spatial extensiun, the total

energy of the exciton interact ing with the latt ice was minimised, If tlie la t t ice

relaxation energy, E , exceeds the half width of the exciton band, B, seif
LjK

trapping can occur. This condition is f u l f i H e d in RGS,
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The result for the total energy E(a) (measured from the energy of the free

exc i tun )

- E T O a 3
LK

predicted the existence of a potential barrier between the FE state and the S T E | l 5 |

Thia potent ial barrier enables the simultarieous exiatence of FE Emission and STE

emission.

E may have d i f ferent values for different geometrical configurations of theLK

relaxed lattice. At least two configurat ions |15 | may co-exist (Fig. 3).

(i) Uniaxial relaxation and localizatton of the exciton at a pair of nearest

neighbours (l10-direction). This is very effective in RGS äs molecular

formation R +- R -»• R is very effective. The binding energy is the main

contribution to E . The potential curves of this centre (m-STE) are
LK

described by the internuclear distance of the atomic pair, Q

(ii) Formation of a cavity around the exciton which is localized at one single

atom (a-STE). The nearest neighbour distance, Q , may be used äs the con-

figurat ion coordinate.

The seif trapping process is due to thermal activation and/or tunneling through

the barrier. The heights of the barriers (Fig. 3) are different for the two

species of STE and were estimated in | 3 , I 7 . The barr iers control the co-

existence öl d i f ferent luminescence bands and their relative intensities.

Though the models for the centres {Fig. 3) describe the general features quite

well Borne l imitat ions must be mentioned. Due to the use of a trial wavefunction

no detai led picture of the potential curves is obtained. At least in the m-STE

it is known from gas phase data 18 that several excited bonding and antibonding

R£ -states exist which may severely influence the seif trapping process. Attempts

to investigate these statea by transient absorption have been made recently 19|.
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E of ehe a-STE is generally smaller than Eor the m-STE because no chercical bond
LR

(molecular formation) is involved. Excluding seif trapping in this con f igu ra t i on ,

E may get even smaller than B for heavier RC3 (Xe I 7 j ) . The value for the Xi? a~STE
LK

potential barr ier |3 ,17 seems to be by far overestimaLed. In Kr, the band at

9,7 eV has been interpreted äs a-STE emission 9 though it is s l i gh t ly red s h i f t e d

compared with the emission of free atoms. This Interpretat ion is s t i l l quest ionable

because traces of Xe impurities may lead to extr insi i : eir.ission al s i m i l a r < . > m ' r g y . l 2

The tendency für hot luminescence of the m-STE in light RCS r e f l e c t s the iact

that the vibrationa! quantum of the centres increases wit. l i de r r eas inp n t o m i c :

number. The order of mul t iphonon processes for v ibra t - iona l re laxa t ion reaches

•v 18 in N e | l 3 . Following excitat ion, excited Ne goes i n to the 3rd v ib ra t iona l

level. The shape of the banda at 14 eV and 16,5 eV is a t t r i b u t e d to the Franek-

Condon factors for transitions from v - 3 to the repulsive ground s tate 11 .

4. Time resolved luminescencespectroscopy

Time resolved Experiments are restricted so far to the relaxed itrSTE band. In

Fig. 3, the detailed s tructure of the emit t ing states was not included. In the

crystal field, ' E states split into more levt i la (Fig. 4 ) | 2 ü | . Due to the

steep repulsive ground state theee levels are not i d e n t i f i e d in s tat ionary

state experiments. They show up in time resolved Luminescence spectra (ordinary

decay curves and time correlated luminescence spectra}.

In the decay curves, following pulsed e -excitation, a nearly constant short

component of a few ns is found |9 ,21 together wi th one er more long components

(Xe, optical excitation 22\, Kr and Ar 9 ) which are temperature dependent

(Fig. 4).
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Time correlated luminescence spectra (Fig. 4) show the following behaviour,

Collect ing the ns-component with a time window inside the excitation pulse gives

a peak posi t ion at h igher energy than the long components measured separately.

The energy Spl i t t ing, AE, is attributed to the Spl i t t ing between P " ( Z , ful ly

allowed) and the centre of the other States ( E , part ly forbidden). It is

much smaller than early e s t i m a t e s ! 1 8 ] . In the case of Xe, it is in aßreement with

gas phase d a t a j 2 3 ! .

The temperature independent ns component is a t t r ibuted to the r ' ( l ) state and

may approximat iv]y be the radiative l i f e t i m e J 9 . The states associated with

D intt-ract s t rongly (Spli t t ings conparable w i t h phonon energies) . Sat isfactory

raodel c a l c u l a t i o n s are missing for extract ing the radiative lifetimes. It seems

necessary to extend the measurements to much lower (Kr ) and higher temperatures ( A r ) ,

5, Aspects of Synchrotron radiation excited luminescence of RGS

SR is a very promising excitation source for luminescence experiments in the

VUV mainly for two reasons.

(i) The intense spectrum of SR is a amooth continuum extending from the IE to

the x-ray ränge. In the VUV and s o f t x-ray ränge it is superior to all other

continuous light sources and allows for monochromatic excitation with any

desired photon energy.

( i i ) SR is pulsed. The storage ring DORIS at Hamburg offers 130 ps pulseB (repe-

t i t ion rate between 480 MHz and l MHz) .Ui th delayed coincidence technique,

rise and decay times between ^ 50 ps and some ys can be measured|24,25| .

The highl ights of SR excited experiments on RGS may be summarised äs follows.

(i) Selective excitation of excitons(avoiding the product ion of electron-hole



pairs) has clearly established thaC free excitons are direct ly seif t rapped

in all RGS 2,5 .

(ii) Luminescence yields nere measured äs a function of extitation energy. Mithin

the excitonic ränge of excitation, migration of excitons was invest igated,

It seems to be of diffusive type. Dif fus ion lengths deduced from surface

quenching experiments ränge between ^ 1000 A (Xe) and "̂  50 A ( A r ) | 2 6 , 2 7 | .

In the ränge of band-to-band transitions inelastic scattering of photo-

electrons with valence electrons leads to 3 stepwise increase of the

luminescence yield. The Steps give evidence for creation of free electronic

polarem complexes by the excitation process itself 28|.

(iii) In RGS doped with rare gas atoms, electronic relaxation of Wannier and

Freukel type exciton states has heen investigated. Results are presented

in another contribution of this volume |25 .

(IV) It haa been demonstrated that SR is also an appropriate source- for energy

transfer experirneBts . Host-guest and guest-guest transfer was s tud ied in

RGS doped with organic molecules (e.g. benzeneJ29 | , toluene and

mesi tylene: 30J ) . Of special interest are Systems like K r : N 0 äs potent ial

Condensed laser media. Comparison of the luminescence yields of pure RGS

£
and doped RGS gave insight into the formation öf KrO laser molecules a f te r

host excitation 31 .

The last two points mentioned touch the wide f i e l d of matr ix Isolation spectro-

scopy which will benefit very much from SB äs an excitation source in the future .
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Fjjgure captiQ-ns

Fig. l Typical luminescence spectra of RGS. Ne , x-ray excited, 5 K (upper curve),

11 K (lower curve) lo | . Ar, e -excited (spectra above 11 eV, 4.5 K | 3 J ) ;

optical excitation (9.8 eV band, 5 K | 2 j ) . Kr, e~ -excited (low resolution

curve 5 K 9 ! , high resolution insert 40 K |S ). Xe, e" -excited (above

6 eV, 4 - 60 K | ? l ) ; optical excitation ( 7 . 1 eV b a n d | 2 , 5 J ) ,

Fig. 2 Trends and energetic positions of d i f f e r e n t luminescence bands of RGS.

Hatched areas qualitatively give the importance when progressing from

lighter to heavier elements. The energies (in eV) are extracted from the

references of Fig. l -

Fig. 3 Qualitative scetch of potential curves of the m-STE and a-STE and

simplif ied representation of the centres. Estimates of the heigths of

the potential barriera £ romJ3 | .

Fig. 4^ Resulte of tiae reaolved Luminescence spectroscopy of RGS (relaxed

m-STE bands) and level Schema of the m-STE. The intensities of the time

correlated luminescence spectra ( fül l curvee: ns-coraponents, dashed

curves: long decay coraponente) are given in arbitrary units. References

see text.
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