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Free Exciton Energy Transfer In Kr-.̂ u Sandwiches
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Sektion Physik der Universität Hünchen (b)
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The photoelectron yield of Kr-^u Sandwiches caused by energy

transfer of Kr excitons to the Au Substrate has becn reijfured.

The ränge for energy transfer of Kr excitons has been detertr.ined

from the dependence of the yield on the thickness of thc Kr

overlayer for several excitation energies witiiin the n = 1 ,

n1 = 1 and n - 2 exciton band s, The derived diffusion lengths of

free excitons depend strongly or. the individual exciton st;xte

and increase monotonically with the exciton energy within one

exciton band äs well äs to higher exciton stateG from 3C R for

the n = 1 up to 300 ff for the n = 2 excitons. The efficiency für

electron emission due to exciton decsy exceeds the usual photo-

electron yield of Au by a factor of 10.

Die durch den Energieubertrag von Kr Exzitonen auf die üu Unter-

lage bewirkte Photoelektronenausbeute von Kr-.".u dchichtsystemen

wurde gemessen. Die Reichweite für den Energieütertrag von Kr

Exaitonen wurde aus der Abhängigkeit der '.usbeute von der Dicke

der Kr Deckschicht für mehrere Anregungsenergien innerhalb der

n = 1 , n1 - l und n - 2 Exzitonenbanden bestimmt. Hie ermittelten

Diffusionslängen der freien Exzitonen sind stark vom Jeweiligen

Exzitonensustand abhängig und nehmen monoton mit der Exzitonenener-

gie sowohl innerhalb eines Exzitonbandes als such zu höheren

Exzitonenzuständen hin zu, ausgehend von 30 K für die n = 1 ,

bis zu 300 S für die n = 2 Ex?,itonen. Die Effizienz der Elek-

tronenemission durch den Zerfall von Kxzitonen Übersteigt die

normale Photoelektronenausbeute von .'u um einen rnaktt>r 10.

submittcd to: phys. stat. sei.
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introduction:

A theory of exciton-phonori coupling preciicts for rare- gas solids

a ccexistence of free and selftrapped excitons (1). In some

luffinescence experiments emission of free excitons has been

identified for Xe, Kr and j.r besides the weil known emission

of selftrapped excitons (2,3»'f)» fl'he intensity r.'itio of emisKion

from free excitons and selftrapped excitons of cibout lü"-5 is

surprisingly low corapared with the expectance of stable or at

l aast metastable free excitons (l ) ;.md compared to the large

barriers for selftrspping (3)« Kvidently the rate constants for

radiative decay (2,̂ ,5) of 10 tu 10y (S~ ) are too small to

compete effectively with selftrapping. Photoelectron yield

experiments (6) have shown that energy transfer from rare gas

rnatrices to rare gas guest atoms is fast enough to compete with

selftrapping. in solid Xe, Kr and i-r selftrapping leads to

excimer like centers similar to the free H2 excimers (2,3)it»7)«

The energy of tliese centers is lower by the amount of the

excimer binding energy of 0.5 - l eV than that of the lowest free

exciton states (fig. 1). Therefore the free and the iocalized

states can be easily distinguished by their energies (4i5i7)>

Utilizing this energy difference it has been demonstrated by

photoelectron energy distribution measurements (8) on Xe doped

i.T matrices, that indeed energies of free excitons (fig. 1)

are transfered. Furthermore it became clear th?t energy transfer

can evcn compete with electronic relaxation within the higher

free exciton states (8). Therefore one can hope to find a depen-

dence of the transfer ränge on the primarily excited free

exciton states in rare gas solids, whereas in the extensiveiy

otudied Systems of rr.olecular crystals the Interpretation usually

Starts from the electronically relaxed lowest sin.gulet and triplet

excitons (9).

',Ve report on the transfer efficiency of different Kr excitons

to c. gold aubstrate versus Kr film thickness. The transfer

efficiency is monitored by the amount of electrons ernitted from

the substrote through thc Kr overlayer, thus exploitirig the

l:;rge penetration depth of low energetic electrons in rare gas

films (10). ji sirrilar experiment has been reported for Xe



overlayers (n) but the quantum efficiency for the transfer

was too low to analyse an energy dependence of the transfer

ränge. From the energy dependence of the transfer ränge in

Kr we are able to decide whether energy transfer only from

selftrapped excitons or also frorr. free or even from higher

excited free exciton stetes takes place and if the transfer

ränge is different for these exciton states. The experimentally

determined paraeeters are not sufficient to intend a complete

description of the transport mechanisrr.s which has to be post-

poned until also the time dependence of the trsnsfer processec

has been studied.

Results:

Kr filras have been Condensed on ?, gold coated Substrate cooled

by a liquid ile flow cryostat to about 10 K. The background
-9

pressure was well below 1 (J mb. The films have been excited

by light frozi the Synchrotron DESY in Hamburg which -vs been

monochromatized with s resolution of 2 £ (about 20 rneV a t 1ü eV).

A LiF filter has been used to suppress higher order light. The

film thickness has been monitored during deposition by tneasuring

the interference fringes in the reflected light at a wavelength

of lifOO °, This wavelength is still in the transparent region of

Kr ,ind it is short enough to provide a sensitivity for thin Kr

films of 1U S and in general an äccuracy of sbout 20 S for the

thickness. Fhotoelectrons emitted from the Au-Kr sandwhich have

been collected by a grid and the current of the Order of lü A

flowing ^o the Substrate has been detected. Köre detiiiis are

described el^ewhere (8,12).

A representative collection of yield curves of a Kr--"u sandwhich

in the ränge of the first excitons n=1 , n' = 1 and n=2 is ahov/n in

fig.2. Due to the normalization to the bare AU Substrate yield

the Au yield appears ss a straight line with intensity 1. For

very small film thickness of ?bout 15 > the positions of the

prominent n = 1 and n1 = 1 maxirna are shiftcd by about 0.17 eV

to lower energies (fig.3). These new maxima are attributed to

surface excitons (H). They will be discussed after the analysis

- k -

of energy transfer processes in films with thickness et > 50 Ä.

Intrinsic photoelectron emission from solid Kr should not occur

for photon energies fi w which are smaller than the vacuum level

ftuj -i Er + EA = 11.9 eV, where EG is the energy gap and Eft the

electron affinity (15).

Other buik effects like two photon excitations, exciton-exciton

interactions and exciton enhanced impurity ionisation can be

exciuded for the ränge of fig.2 due to the low light intensity,

the decrea.se of the yield with Kr film thickness and the purity of

tne simples äs it has been discussed in (11). Therefore processes

which are extrinsic concerning the Kr film are responsible for

the yield in the whole spectral ränge shown in fig.2 and fig.3>

•Che yield v is cornposed of two interphase contributions (fig.A-).

a) Eiectrons Y, fror-, the gold substrate which have been ex-

cited by photons travercing the Kr film.

h) Eiectrons Y™, from the gold substrate due to energy transfer

from free or seiftrspped excitons to the substrate.

.•- third contribution due to the decay of Kr excitons at the Kr

surface is unprobable since the excitons -re below the v^cuum

level. 1t could be cssily Identified since this contribution

should renain up to large thickness. Fig.2 proves thut it is

either zero or so weak tiiat it can be neglected for our dis-

cussion.

* = Y\ + YET O )

•£ foilows according to fig.4 from the incident light intensity

l , the refiectivity H(d), the transinission of the Kr film, the

quantuni efficiency Q. of the substrate for photoelectron

emission, the escape probability P(d) for electrons through the

Kr films, the local density n(x) of photons absorbed in the

für (i.e. thß local density of produced excitons), the proba-

bility T(x) for energy transfer to the Substrate due to an

exciton created at the site x and the quantum efficiency Q̂ ,

for electron emission from the substrate due to R transfered

exciton, The reflectivity S is calculated from the ex^ct

expressions for a sandwhich (16) with the optical constants for



Kr (13) and for -,u ( 1 7 ) . n ( x ) is approximated by

n ( x ) = (1-f i) )i exp (-ux) with the extinction coefficieiit

u = i+ rt k/X

Y „ - I ( 1 - i U d ) ) Q ; . P ( d ) exp(-ud)
J-U 0 «Ll

(2)

'ET
J uexp(-px) r j?(x) dx (3)

For u comparison with fig.2 and fig.3 tl.e yield '/ has to be

normalized to the Substrate yield Q. - Q' ( 1 - R { o ) ) to obtain

the relative yield YR

YH = ( l -R(d)} P(d) [A b(d) + exp(-ud)/(1-R(o))

with the ratio of the quantum officiencies A

:Au (5)

and the energy transfer function B(d)

d
B ( d ) = l u exp(-ux) T ( x ) dx (6)

o

The escape prohabilty P(d) follows immediately from the relative

yield in the rsnge from 8 eV to 9 eV where Kr is transparent

(fig.2). The relative yields and thus also i-(d) &re constant in

this ränge therefore they are used also for the whole re.nge up tu

11.5 eV. Now the interesting quaritities .'•. and B(d) Can be extrycted

from the experimental results.

Discussion:

First we want to give eome qualitative arguments which illustrate

the final results, For a given thickness d c,nd a fixed Absorption

coefficient the yield is mainly determined by i\d B (equ.if).

Therefore s. comparison of the yield for different photon energies

but with similp.r k values shows if .-i =tiid B depend on photon

energy i.e. the primary excited exciton sthte. We choose d - 345 S

and 0.3 ± k ̂  ü.Jf (fig.2 and insert). These k v;<luec appear at

the lern energetic flank of the n = 1 exciton (10.06 eV), on its

high energetic flank (1Ü.3 eV), on the low energetic flank of

the n1 = 1 exciton (10.7 eV), on its high energetic flsrik (10,95 e

and ;:t the onset of the n = 2 exciton (l 1.15 eV). The corres-

yonding relative yields are Ü.5, 0.85, 1.35, 1-73, 2.JJ (fig.2)

which increase monotonicaily. This increase is general and does

not depend on speciaily selected k values. It has to he attri-

buted to an increasing <• nr b. Due to equ. 5 s.nd since Q„ is

known to increase with the photon energy (18,19,20) we conclude

that either the quantum efficiency Q-,„, or tue transfer efficiency

B increrse monotonically with the exciton eiißrgy. The memory of

the transfer process on the primary exciton energy is the main

result of these experiments. 1t shows that neither relaxation

within the brnd of one exciton state nor electronic relaxation

hetween different exciton states (n - 2 —> n' - 1—*• n = 1)

nor selftrapping to excimer like centeres is coir.pleted before

energy transfer. The shift of the maximur; in the yield curves

to i.?.rger film thicknesses for higher photon energies (fig.2)

indicates that mainly the transfer ränge B increases with

exciton energy.

These observations nre substantiated by fits of the experimental

curves with appropriate .expressions for A snd B. For H four

different expressions have been used:

a) Diffusionmodel with diffusion length l and exciton density

sero at the Kr/Jiu Interface. In one version Bß the exciton

density is 7,ero also at the Kr v^cuum interface, which

corrcsponds to surface quenching of excitons {11,2l)

sinh(dA) t a n h d / l ) (7)

h) In the second Version B^ the gradient of the exciton density

is zero which corresponds to exciton reflection at the vacuum

interface (l l,21)

- exp(-Jid) (1 + tanh(d/ l) ( ö )

c) FÖrster-Dexter model (11,22) with an effective transfer radius

d-̂ -, for a planar geometry:

4-., = u f e x p ( - u x ) / ( l + ( ( d - x ) / d F ) ) dx
e

(9)



d) The Eodel for a dipol in front of a metsllic tnirror (23)

with an effective transfer r.~dius d

d ,
Bc = u / exp(-nx)/(1+((d-x)/dc)-') dx

The thickness dependence hac been fitted with P least snu&ro

fit programm for fixed photon energies. The fits have been

repeated for all photon energies between 10.00 eV and 11.3 eV

with steps in the photon energies of % meV resulting in 26 points

for A and B for each type of transfer expression. In a first run

the quantum efficiency QEm and the transfer ränge Parameter

(either l or dp or dc) h?ve been trenteci äs free fitting para-

meters. Q is needed for the fit. KroliKowski and Spicer

observed a nearly linear increase of 4, from t). 005 ( electrons/

photon) at 9 eV to 0.015 at 1 1 eV (19). A similar dependence but

an approximately 3 times larger absolute Q,, has been reported

by Samson (18) and by us (20). The evaluation is not sensitive

to the absolute value of Q. , except for the absolute value of

QL™, therefore the photor. energy dependence a.Iso of Q,-,,,, (equ. 5)

will be reliable but the absolute value may be uncertain by a

factor of 3» »''e prefer the higher vslue because it has been

obtained for comparable conditions.

From the fits we derive that is independent on photon energy

and that it is 10 times larger thar; Q at 10.5 eV. A lower

limit of Q„ is 0.12 (electrons/exciton) and a more probable

value is 0.36 (electrons/exciton). Furthermore surface quenching

can be excluded since the fits with Ejj result in significantly

higher deviations thrn with the other expressions.

In a second run the fits have been repeated with a fixed

QET = 10 Q,_u(hui = 10.5 eV). The results for the energy depen-

dence of the diffusion lengths l (for B^) and for the effectivs

transfer radius dp (for «_) are shown in fig.5. Both transfer

langes (l,dF) increase monotonically with the excitor, energies

äs expected. There is no sigräficant structure in the spectra

of l and dp which can be correlRted to the individual exciton

state. The scattering in neighbouring points of the spectra

reflects the uncertainities in the experimental spectra, the

optical constants and the change of the optical constanta with

tnickr.ess (surface exciton) for the lowest thicknees. The daehed

diagonals in fig.5 serve äs guidelines to indicate the trend.
D

Fits of the relative yield with BD for the thickness dependence

are shown in fig. 6 for the four photon energies discussed

before. The incresse in yield intensity and diffusion length

for d - 3/)5 ° is significant. The low value for fiu> = 11.15 eV

at d = 55 # has to be attributed to the uncertainties above

rentioned. The quality of the fits (R.,) is illustrated in fig.'/
c p

für the most significant thickness d - 3̂ 5 "- an(i for d = 55 •-•

Concliision:

The selftrapped excitons observed in lurr.inescence are the final

stage for nlmost ,r:ll excitons before radiative decay occurs if

they have not been quenched nonradiatively, Therefore there will

be a contribution of these selftrapped excitons to energy transfer

for all excitr;Lion energies. The selftrapped excitons are localized

by a rearrangement of neighbouring atoms to an excimer like Center

witr. i reduced nearest neighbour distance (3»^»7)* 'I'hese centers

are similar to "guest moleculcs" in a transparent mediurn due to

the localization and the reduction in energy, Kor such a System

a Förster-Dexter type description of energy transfer from loca-

lized centers to r-, plane is appropriate (equ. 9). Their contri-

bution to the transfer ränge has to be independend on excitation

energy because it st&rts from relaxed centers. if there is such

a contribution than the sinall values of dp of about 20 - 60 K

at the onset of the lowest exciton at 10 eV can be identified

with this Förster-Dexter type of transfer. In the expressions

given by Chance et al. (23) (equ. 1ü) which have been proven to

be valid down to thicknesses below 10 K (2̂ -) the Integration

concerning also the depth of the plane to which energy is

transfered has been included. Besides this correction both

formalisms represented by equ.9 -"ind 10 are equivalent* Also the

fit with equ, 10 agrees within 10 % with the results of equ.9.

For isotroplc excitation and a radiative quantum efficency q
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(for a Kr film without Substrate) the trrinsfer ränge d in

equ. 10 can be calculated (23) by

(n)

With q - 1 and the optical conetants n, = 1.25, k. = 1,

E. = 0.56 + i 2.5, nK = 1.4, £ „ = 1.96 and the eir.ission

wavelength X = 1470 K a transfer ränge dc = 97 - is obtained.

This value ie larger than the result of a fit with equ. 10 of

20 s d & 60, The difference can be attributed to a branching

of the selftrapped exciton states (fig.1) into singulet and

triplet states (4,5) with an intensity ratio of ü.02 (2̂ ) for

the probably similar case of liquid Kr. If only singulet

excitons contribute to the dipol-dipol energy transfer than ;;.

transfer ränge d - 26 $ is derived for the corr-esponding

q = 0.02 in Agreement with the experimental result.

The increase of the transfer ränge with excitation energy

indicates a contribution to energy transfer from exciton states

before selftrapping. How a two step process with coherent and/or

noncoherent migration of the excitation energy in the resonant

exciton states and subsequent energy deposition has to be

considered in addition to the transfer from excitons which

survived long enough to become localiaed. Vhe transfer of free

excitons is described by a diffusion length 1. Coherent and non-

coherent migration can contribute to the diffusion conetant

D (9,26).

T __

T nieans the free exciton lifetime which is expected to be three

to four orders of magnitudes lower than the radiative lifetimes

of the selftrapped states of 10~ - 10~9 s (2,3,4).

The essential point is the monotonic increase of l withir: one

exciton band and also in going to higher exciton bands. vVithin

one band the lifetime m;iy increase since rr.ore energy has to be

dissipated before the exciton is in thermal equilibrium with

- 10 -

the lattice and before selftrapping Starts, Also the diffusion

constant may vary for excitons with larger wave vectors and

larger group velocities at higher energies in the band. The

increase of l to higher exciton states can be caused by a larger

T when the times for electronic relaxution fron, n = 2 -»n1 - l—*•

n = l ;-;re spcnt ^s free cxcitons. Finally higher exciton statee

with a larger spatial extent may have also larger D values.

A quantitative description of the free excitor: mean free path

and diffusion length is complicated by the fact thnt intraband

scattering and i'.lso interband scattering (2?t28) in the set of

exciton barids displayed in fig.1 has to be considered. Further-

more the oommonly used approximation of parabolic exciton bands

(27,28) cannot be used throughout the whole ränge of the free

exciton bands äs is well known for the exciton bands of rare

gas solids (28,29) and FS is evident from fig.1, The Lorentzian

line shapes of the n - 1 excitons of Krfas well äs Xe and Ar)

observed in absorption experiments (14) indicate th-it these

excitons belong to the cl;̂ es of wea^ exciton phonon coupling

according to Toyoaawa's classificaticn (l), Lifetimes of the

excitons of some 10~ ̂  6 due to exciton phonon scattsring have

been derived froc the experimental halfwidth (H). Fugol1 (3)

estimated scattering times of 10 s - 10 s for thermal exci-

tons near the bottom of the exciton bands which äre much larger

than those calculated fron the linewidth, With these long life-

times very l.irge rr.esn free path's for electron phonon ecattering

of several thousand P have been predicted (3). The experimental

l values have been attributed (3) to a more efficient locali-

zation with a loct-,lia;--.tior, time l loc 10-12s and to scattering

at gr;vin boundaries soparated by dist-ances z » 100 f?. The

diffusion length l has been calculated from l = V VST̂ , ' with
, , ' loc

v = T2E, . /m for an exciton with group velocity v and kinetic

energy E, . . The diffusion length of fig. 5 can only be pooriy

approximated by thic cxpression for the n = 1 exciton band

extending frorr, 10 eV to 10.5 eV with ZT-, ° IG" cm s and a

constant effictive macs m = 2.6 in units of the free electron

mi..ss (3). The :-.bove mentioned approxitnation of parabolic exciton

b,-;nds h; s been used for these estitnatos (3).



The large qu?ntum efficiency (j^. corr.pared to Q u is due to the

surface sensitivity of the exciton decay at the Substrate.

This process is sir:;ilar to electron emission froir. the dectty

of excited metr.stable rare gas n toms s.t metal surfaces since
/ T

the energies <?re cornparr.ble (Kr i-^ = 9.92 eV; PO = 10.5o e V ) ,

The efficiencies iv the esse of Kr :-re not very accurate. for

reported (3u) which is similar to U.12 i Q^, =^ ü.36. -lecently

the dominating rolc of tennins- Ionisation comp^recl to _ ugcr

like processes ha s been estr.blisned "by encrgy oistribution

inensurer.ents of the emitted eiectrons for i-.e :.t Fd surfaces

(31).

The transpart of exciton ener^y has been studied e^.rli^r by

sn extensive investiijation of the inf luence of surface

contaraination on photolurf.inescerice excitaLion Gpectr1. of

thick Kr filras (3^). The experiiüents-lly obcerved quenchin^

of photoluminescence for excitation in the re^ion of tho

n - l snd n' = 1 exciton bands h-^s been £,n".lypcd by cxpressinnn

simiiür tu equ. 7,8 ' > n d 9 but v/i t L ri)re genor:-] bound'iry

conditions, These bound^ries cor.ditions incJude r-;lso intar-

ciediöte cuses between exciton ref lec t ion ;ind complate qusncnin;;.

.•- fit cf the spectrü for cle;xn surf.?.ces reouires ex-cit;;r_

ref iec t ion ns bound.rry condition (.5^) ir. agreer-ent with our

rfisuits. The question if the energy t r f .ns f f i r is due to

exciton diffusion or due to riipol-dipol interaction be tween

the excitor. nnd the contamination l-^yer coulri not be i^uswersd

by these photoluminescence experi^ents ( 3 4 ) . "he obt . i ined

r;ie:m diff ' jaion length l = 2UO fi for the region of n - 1 ;,nd

n' = 1 oxcitons is concistent v j i tn our reauits (Fir:.^). -

co r r .p r r i son of the • itern,itive.ly determined e f f ec t i ve t r- nsfer

radius dp with d,. values discunßed by UH c;\r. be misslRading

becnusc in our case Lhe *-u substrr.te is the Partner for

dipol-dipol interaction, whcrers in the eariier v/o r k the partner

is given by ,-A cont;,iiiin:-tion layer cons^st ing of - i t o n i E p h G r i c

g.-.ises v.'ith unknown coniposition. 'i'he assumption of •• constunt

d i f fus icn length ( j j J f ) is not in r.freeirent with our results.

This diGcrep:incy indiatss th:i t the present experiments are

irore sensitive for the energy dependence of tne diffusion

Finaliy the t»ositions of the n = 1 and n1 = l surface excitor.s

of 10. w2 "riri 10. '/Ü ev ( fig* $} agree v^ithin our accuracy with

surface excitons ;\ U;. 02 and 10. 60 obaerved by Srile et cl.

(üO. 'i'he shift relative to the buik excitons is too large to

be explainod by the interr.ction with the gold substr-xte (32).

Ths ma^-nitude of the yield for d = 15 - is a consequence of

:\r ränge of 2u S - .̂ 0 S. ;uid cr.n be caiculated fron the

buik Absorption coeff ic ient shifting it by ü.1 to r>.2 eV to

lower energies. '. 'he dispppearrncc .-.t I-irge thicknessee will be

due to s rcduced transfer eff ic iency cornp: red to buik excitons

sir.CG the surfi-.ce excitons cannot y>ene=tr:- 'te into the film.

The exper: ii'.ents nt the deutsches Elektronen Synchrotron LlEüY

in !> mburc havc been aupnorted by the l^G. We .:;ckr.owled^e the

help Of 'Or. i1'. -J. Himpsel in the experiments and tne su^port of

Professor „'.



Hefe rences :

1 ) '/. loyosawa in "Vr.cuum J l tr^violet K'-di "tion rhysi es"

eds. H.E. K u c h , -:. H ; \ ensc i , .!. Kur.z , t e r g / i i r o n tfiewe(T,

br^unschweig 1974, p. 31V
E. .L. Kashba, l zv. < \  SS3, 3er. Fis. bd. ^u, 5j>5 ( 1 9 7 6 )

2) F. Coletti , ;•..!•. tonnet, Ohesi. Phys. Letters 55. 92 ( 1 9 7 8 )

H. Kink, K. -iela:, prepriiit ( 1 / / 9 )

ü, Zimmerer, J. Luminescence 1.6/_1_!j. 8/> ( 1 979)

3) I . Y ; > Fugol1 , .'.dvances in l 'Jiycics 2.7. 1 d'/^ö)

6) /'.. Ophir, r>. i?az, J. Jortner, Fhys. .-(ev. Letters 11,415 (1974)
IL.. C'phir, B. R.-;z, J. Jortner, V". Galle, IN. Schwell t ner , E.E. Koch ,

I-i. dkibowski, W. dteinm^nn, J. Che^. Phys. ^2, G5o (1975)

7) .J . uo r tne r in "V.'icuum Ultr-violet j^-diation Physics"

eds. E.E. Koch, U. H:-ienael, C. Kunz,, Pergamon Vieweg,

hr;iunschweig ( 1 9 7 U ) , P. 263

8) I-i. öchwentner , £,S. K o c h , 1-hys. ;iev. t ü, 4b8'/ ( 1 9 7 6 )

9) H.C. ,Volf in "Advances in . tomic and ,-oleculr ,r P:iysics"

III ed. D.H. H:.ites, ^cademic JYess ( l - ' 6 ? )

iJ. Powell, Z,. G. SQOS, .1. Luir.inescence ü, 1 ( 1 9 7 ^ )

K. ^ilbey, Ann. Sev. Phys. Chem. 2Z, 2U3 ( l 9 7 o )

lü) N. Schwentner, Phy^. P,ev.

12) N. Schwentner, .-J.E. K o c h , V. o:'.ile, : . Skihowski . nl

, , hfimssen in "Vacuum Ultr. violat -luJiation Physics"

eds. E. 2. K o c h , «. Paensel, -ü. K u n z , rergarnon V i e w e g 1974, ?.792



30) F.B. Durming, H.B* Rundel, rf.E. otebbing, isev.Üci. Instru:;».

ifc, 69? (1975)

31) H. Conrad, G. Ertl, J» Küppers, subrr.itted to rhys. rfev.

Leiters

32) i-.ri. Chance, ,-., Prock, R. Silbey, rhys. Kev. A 1£, 1 ̂8 (1975)

33) <-.G. Kolchanov, Soviet Fhys. Usp. 10£. 165 (1972)

Figure captions

Fig. 1: üchemutic exciton bnnds of solid Kr.

Left hand side: Energy of exciraer type localiaed

excitons versus internucle;;r separr.tion r in analogy to

estiwates for solio Xe (33)»

High t hand side: i-'ree exciton bi.nds versus wave vector k

in cinalogy to the c,p>lcul:\tions for .»r (28,29) including

experir.ent:'l vr.lues (eg.1^).

Fi^* 2: Kr - Au snndv/iiich yield norm;:.lized to thc AU Substrate

yipld for 4 Kr thicknesces d. The positions of the n - 1 ,

n1 - 1 • nd n - £ excitons . re rr..>rked. 'ihc incet shows

the nbsorption coefficient k of Kr (13).

Fig. 3: Comparisor. of norn-'.lized Kr - Au s;mdwhich yield for

tliicknespes of 15 ? (fuli curve) : nd of 55 .° (dashed

curveG, see fij. 2) in the region of n - 1 , n1 = 1 and

n = 2

b'ig. i\\e for the coiitributions Y and ¥_„ to thc yield of

r Kr-.. u 5-:.ndwhich v.'ith reflcctivity H. The shaded beam

indic-.tcs erergy transfer by excitons, the ctraight

bears thc escspe of the electrons and the wavy beam-s

the light prss with incident intensity I .

Fig. 5= Lower part: Energy dependence of the diffusion length l

(circlea) :.nd the effective trjnsfer rr.nge d,-, (crosses)

(see text).

Upper part: - bsorption coefficient k of solid Kr.

Fig. 6: Experirr.ental yield (points) and corresponding fits (solid

lines) for ̂  set of photon energies where the absorption

coefficierts k of Kr r.re rather similar (sc-c text). For

the fits the optical const-nts for each photon energy have

been used.

Fir;. 7- Experiment:! l yield (solid line, dashed lins) and fit

(circlcs, crosses) for a thickness d = 345 S ^-nd d = 55 "

raepectively with the l spectrum of fig. .̂
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