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Monochromated Synchrotron radiation from the DORIS atorage ring at DESY

was used to exclte photoconduction in xenon-doped f lu id argon for densities

22 -3
ranging from 0.7 to 2 . 1 x 10 cm , in xenon-doped f lu id krypton from 1.3

22 -3to 1.6 x 10 cm äs well äs in solid Xe/Ar. The measurementa yielded directly

the ionization energy E of the impurity in the dense medium. Using previous

experinental results on the energy V of the conduction electron in conjunc-

tion with E the polarization energy P of a hole trapped at a xenon atom

was also determined for the respective density ranges. These experimental

P values d i f f e r considerably from theoretical predict ions. Combining the

E values with reaulta from «bsorption spectra by Messing et al. led to

the determination of Ehe binding energy and ef fec t ive mass of the Wannier-Motc

irapurity exciton and indicated that previous assignments of absorption bands

in xenon-doped solid argon have to be revised-

* Present adress: HASYLAB, Deutsches Elektronen-Synchrotron DESY, 2000 Ham-

burg 52, Germany
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l . Introduccion

There exists a wealth of experimental results on the energy levela of

excitons trapped by various atomic impurities in rare-gas solids. The ex-

perimental methods employed include vacuum ultraviolet absorption [1-5],

luminescence excitation U , 6 , 7 l and photo«mission apectroacopy [ 4,8-10] .

These studies led, among other results, to the determination of the energy

levels of the trapped exciton, äs well äs its ioniaation energy, binding

energy, and ef fec t ive mass. In the corresponding l iquids, however, our know-

ledge of these data is incomplete for two reasons: a) no photoemission

measurements have been perforcied on these liquids that would yield the

Position of the ground state of the impurity; b) in rare-gas liquids (doped

[3 ,4 ,11 -14] or pure [15-17]) at most the n»l and n»2 Wannier exciton levels

could be observed, the higher levels being smeared out or submerged in the

tail of the conduction band. These two levels are insuf f i c i en t for the

determination of the binding energy and the effective mass since for the

n«! exciton the Wannier scheuie cannot be applied without corrections [ 18,19] .

Doped rare-gas fluids were subject to intensive studies concerning

perturbations by the host on atomic Rydberg states of the impurity and the

evolution of the perturbation e f fec t s with increasing density [ 12-14] . The

line shapes and sh i f t s were analysed in terms of the senuclassical s tat is t ical

theory and yielded Information on excited state potentials [ 12 ,14] . These

studies also led to an experimental criterion distinguishing between the

n-2 Wannier exciton trapped at the impurity atom and perturbed atomic levels

t 13l

Ref lec t ion spectra of pure f luid xenon revealed that certain bands

appearing in the spectrum are due to free excitons; these excitons vere

shown to be entities different from perturbed atomic levels. The evolution

of the exciton bands with increasing fluid density were followed in detail

[ 20,21 ]. One of the results was the definit ion of the minimum conditions

Submitted to Chem. Phys.
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necessary for ehe appearance of the excitons [ 2 l ] . The energetic positions

of each exciton in the liquid was found to be in good correspondence with

thoae in the solid, if ehe density change involved in the phase transition

was taken into account [l?]. Photoconductivity excitation spectra in xenon

have futnished the width E„ of the forbidden gap äs well äs the dependence\j

of E on the thermodynamic conditions from the gas to the triple-point l iquid
\

[22 .23J and to the solid [24]. These results have completed the characteri-

zation of excitons obtained from reflection spectroscopy [ 1 6 , 1 7 , 2 0 , 2 1 ] undet

a wide ränge of condi t ions . Moreover in conjunction w i t h direct measurements

of the encrgy V of the conduction electron [25,26], the results served

to obtain a detailed description of the evolution of the conduction and

valence bands in the fluid [23 ,27] .

For pure krypton, the photoconductivity threshold was observed only for

a l imi ted ränge of thermodynaraic conditions [28] since opt ical exci tat ions

sh i f t towards shorter wavelengths with decreasing atomic number and the eutoff

of LiF norraally sets an upper photon energy threshold to the measurements. For

the same reason photoconduction in fluid argon and neon could not be studied

hitherto.

It is demonstrated in this work that even with the limitations of a

LiF window one can obtain useful photoconductivity resulta on the lighter

rare gases provided doped samples are used. The investigations y ie lded

direct ly the energy E needed to transfer an electron from a xenon impuri ty
\j

level to the conduction levels of the host (argon or krypton) under various

thennodynamic conditions. Coupling the E -values with absorption spectra
(j

results [|3] on the n-2 Uannier-Mott exciton led to the determination of

the binding energies of the trapped excitons and their effect ive masses.

Horeover, from the values of E„ and those of the energy V of the quasi-free

electron [25,26] it was posaible to give, for the f i r s t t ime, experimental

values of the polarization energy P* and to compare them with theory. The

- 4 -

results of this work led to a critical discussion of previous assignments

of electronic excitations in doped rare gas solids.

2. Experimental de[alls

The experiments uere performed using Synchrotron radiation from the

DORIS storage ring at DESY monochromated by means of the HONORMI System

[29]. The sample cell was d i f f e r e n t from that used in previous studies

[22 ,25 ] ; the "miniconflat" construction was preserved but the electrode

systera consisted now of two metal platelets parallel to the incident beara

having a length of l cm with a distance of 2 mm hetween them. Thia arrangemenC

ensured e f f i c i en t electron collection in cpite of the rather weak absorption

due to the lou concentrat ion of the impurity atoms. The simple geometry

perinitted calcula t ing the e lectr ic field from the applied voltage and the

interelectrode distance. The gas mixture was prepared at room temperature

in a bakeable gas-handling System af ter this had been pumped down to 10

Pa (10~ bar) . The mixture was then collected at 77°K in a cold finger

next to the cell. This followed t ransferr ing most of the mixture to the

expi;rimental cell by uarming the finger and cooling the cell. During these

operations äs well äs during the actual experiments the pressure in the

systen was kept well above (by the order of 10 Pa) the saturated vapour

pressure of the liquid in the cell. Such a procedure was reported to favour

thorough mixing of the cons t i tuents of the sample and prevent aggregate

formation [3], For the Xe/Ar System nominal xenon concentrations of 1 .6 ,

20, 30 and 200 ppm wer-e employed; for Xe/Kr ue used only a nominal impurity

concentra t ion of 10 ppm. Possible enrichment of the mixture upon cooling

was not checked, but the positions of the energy levels found in Xe/Ar were

independent of the xenon concentration within the above ränge and therefore

any eventual enrichment was imraaterial for the results. The density ränge

22 _-i
of the argon f lu id was varied between 0.15 to 2.05 x 10 cm s the temperature
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from 299 down to 94°K and ehe pressure froin 10 to 7 K 10 Pa. For krypton,

22 -3
the density ränge was 1.3 to 1.8 x [0 cm corresponding to temperatures

from 180 to I I 3 ° K and pressures from 1.2 to 3.5 x 10 Pa*.

3. Results

a._Xe:Ar

Figure l presents photoconductivity excitation spectra for four host

densities. The spectra are normalized for equal numbers of photons arr iving

at the LiF windou of the cell. Graph d is for the solid and' the others fot

three d i f f e r e n t fluid densit ies. In all spectra one can observe a clear photo-

conductivity threshold, a maximum and a decrease to zero at higher photon ener-

giea. In the solid there is also a secondary maximum at about 11.65 eV. The

broad valley between the two maxima coincides in poaition with a broad and com-

pound peak in the absorption spectrutn [ l ,2 ] of solid Xe/Ar. The decrease of the

photoresponse to -zero on the blue side of the peak in all spectra can be a t t r i -

buted to the competing n-l TC3/2) exclton absorption band in the argon host. In

the reflection spectrum of pure fluid argon this band is observable [30 ] star-

22 -3
t ing from a denaity of 0.63 x 10 cm and above. Its peak for this densi ty is

at 11-55 eV, shif t ing towards the blue (like the high photon energy edge of the

22 —3
photoconductivity peak in Fig . 1) with increasing densi ty; for n«2 .1 x 10 cm

this excitonic reflection peak is at 11.78 eV and for the triple-point solid at

1 1 . 9 3 eV. Since this band is due to very strong absorption in the host the pene-

tration depth of the light even at its long-wavelength tail is rauch smaller than

thai determined by the dilute impurity. In fact, the light will be absorbed in

a thin layer (of the order of 100 nm or l e a a ) of the f l u id adjacent to the win-

dow. Even if the energy of some of the host excitons is consequently t ransferred

to an impuri ty [a] and this were to release electrons into the conduction band,

the l i fe t ime of the electrons created near the window would be very low resulting

i.i oegligible photocurrent.

* The critical parameters for Ar are: n *0 .811x10 cm" , T -150.9'K and

P -4.8xl06 Pa; for Kr n -0.66xl022cm , T ^Og-i.^ and p -5.4xl06 Pa*- r

- 6 -

The Overall consiatency of the results was checked by repeating some

of the curves of Fig. l wi th d i f f e r en t voltages applied. The electric field,

äs calcula ted frotn the geometry, was varied from 50 to 2000 volt/cm. It

was found that if the photocurrents were divided by the appropriate value

of the (field-dependent) electron mobility äs determined by Huang and Freeman

[3] J the resul t ing curves were congruent vithin the experimental error.

This showed thaC the photocurrents measured were proportional to un , p

being the electron mobility at the density and voltage given and n the

concentrat ion of conduction electrons. The threshold for impurity photo-

conduction E was determined by two empirical methods: a) plotting all graphs

on such scales that they should be roughly congruent in the threshold regian

(whi le shif ted along the photon energy scale) and then noting the photon

energy at which the current Star ts to rise; b) plot t ing the square root

of the current äs a func t ion of the photon energy and extrapolating the

linear parc of this plot to find its intercept with the photon energy axis.

The f i rs t method furnished results systematically higher than. the second

one, the maximum difference being 0.07 eV, We note that in pure xenon [23]

there was no such systematic difference between the two sets of resul ts .

Figure 2 is baaed on averages of pairs of results taken from the two

scts, showing the dependence of the threshold energy on argon density for

the vacious xenon concentrations mentioned above. It is clear from the figure

that wi thin the set l imi t s 'the xenon concentration is irrelevant to the

Position of the threshold; mention was made of this fact already above.

It should be borne in mind that a photoconductivity threshold can he perceived

even at densit ies belou those presented in Figs. l and 2, namely down to

22 -3
n«0.7 x 10 cra , but because of the smallness of the signal when compared

with the background noise it was not possible to establish the threshold

photon energy for such low densitiea wich an acceptable accuracy Csee, e.g.,

Fig. l a ) .
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Figure 2 showa Chat E is practically constant from n* \5 x 10 cm

to the highest argon densities, but it rises somewhat (by about 0.08 eV)

at lower densities. The value of E in solid xenon-doped argon is slightly

higher than Chat in the triple-point l iquid. For comparison, the value of

E in Che solid, äs determined from Wannier exciton series by Baldini [ l , 2 ]
ij

at about 8 D K is also shown. The value obtained by Baldini is lower

by about 0.4 eV Chan thaC determined in this work. The d i f f e r ence between

the Cwo resul ts cannot be atcributed to the d i f fe ren t temperaCures of

measurement, since E should decrease (though only sLighcly) wich increasing

temperature [17] instead of decreasing.

One may weite E1 • E1 , E- being ehe energetic distance between the ground
pc G • G

level of Che impurity within the host and the lowest conduction level . Doing

so Che eventual existence of localized states ac the lower edge of ehe con-

duction band is neglected; the high values of Che zero-field mobi l i ty of

the electrons [3l] and the relaCively sCeep rise of Che photocurrent at

the threshold j u s t i f y this assumption. E , in turn, is related Co the
G

ionization potential I„ of the xenon atom ( 1 2 . 1 3 e V ) , the polarization energy

P of the positive xenon core and the energy V of the conduction electron

in argon by means of the following equation [3 ]

i - I' + V * P'
G G o t

V for argon has been measured [26J throughout the whole ränge af thermo-

dynamic conditions covered thia work. The values P1 determined from Eq.

l appear in Fig. 3, The figure also includes calculated values of ehe

adiabacic electrostaCic potential energy äs given by Messing and Jortner

[32]. These auchors used a self-consisCent screening funcCion to calculate

the electtostatic interaction bctween the ion and its surroundings, taking

into account the pair correlation functions between the impurity ion and

Ehe hose atoms and between host atora pairs. It is seen in the figure that the

values calculated by Messing and Jottner [32] are higher (by 0.33 eV at

the triple-point) than those determined in this work. The results of anothet,

s implif ied calculatlon also appear in Fig. 3: we used the Born charging

energy formula

0 being an effeccive hard-core radius and e the dielectric constant ( taken

here to be equal to the square of the refractive index measured at 546.1 nra).

In order to get agreement with experiment at the triple point ö • 0.238

nm was substituted in Eq. 2. e was obtained ftom Sinnock's work [33] for

the dense liquid and the solid; at other densities it was calculated from

iCs value in the triple-point liquid using the Clausius-Mossotti fonnula.

It is seen in Fig. 3 that this calculation yields a P (n) curve that is

considerably steeper than the experimental one; this feature is in common

with the results of the sophisticated calculations Messing and Jortner [32].

Figure 4 shows more photocurrenc exciCation spectra but presented nou

in such a manner äs to emphasize currents observed below the photoconduction

threshold. The small currents in this region are probably due to photoin-

jection into the f lu id from one of the metal electrodes. The magnitude of

these currents should then be dependent on the exacC alignment; this indeed

was found to be the case. Another, lesa likely, explanation for these

currents could be extrinsic photoconduction due to some u n i d e n t i f i e d impurity.

It is suggested that in any case Che minima o£ Che currents are related

to atomic absorption lines of the impurity atom perCurbed by molecular

effects; if the currents are due to photoinjection, the absorption prevencs

ehe Hght from reaching the elecCrode and if they are due to phoCoconduction

by means of an unknown impuriCy, the absorption at the xenon impurity



competes with the absorption that leads to photoconduction. The posit ions

of the current minima and those of the absorption peaks in the Xe/Ar system

[|3] are compared in F ig . 5. The correspondence between the two sets of

data is evident , though only the stronger absorption lines appeared in the

present measureraents. We note that the photocurrent ciinimum at around 10.8

eV was not seen in the absorption spectra but ehe absorption spectra were

taken wi th a MgF window [ 1 2 ] and thus th ia spectral ränge was not accessible.

The 10 .8 eV t ransi t ion has probably developed f rom the 6d [0 1/2]° and 6d

U !/2] atomic levels, though no da ta seem to exist in the l i terature about

these lines for the relevant argon densitiea.

b^ Xe/Kr

In Fig. 6, photoconductivity excitation spectra are shown, normalized

for equal numbers of photons t ransmit ted by the LiF window. It was indeed

essential to take into account expressly in this case the spectral trans-

nission of the window since important parts of the spectra pertain to the

immediate vicinity of the LiF cutof f . It is immediately apparent that the

spectra are much noisier than the corresponding ones for Xe/Ar (Fig. 1),

indicating, in f ac t , the smallness of the s i g n a l . The reason for this lies

in the very high absorption of pure krypton in the region of interest. It

has been shown [28 ] that for densit ies s imi lar to those of Fig. 6 the re-

flection spectrum of a pure Kr/HgF« interface has one peak around 10 eV

and a second one around 10.7 eV: these are the n-l T ( 3 / 2 ) and n ' - l T ( 1 / 2 )

excitons respectively. The ref lec t iv i ty increases by more than a factor

of tuo in the density ränge of Fig . 6 and the bands also broaden. The shapes

of the absorption bands associated with these high reflectances (up to 70

X for the n« l F ( 3 / 2 ) band) could not be evaluated by Kramers-Kronig analysis

because of the nearness of the MgF cutoff. Inspection of Fig. 2 in [ 28 ]

will reveal that because of the strong absorption at the bands discussed

radiation will be able to penetrate to the depth of the cell only at three

- 10 -

spectral regions: I. below about 9.5 eV; II. between ahout 10.3 and 10.6

eV; III. above 10.9 eV. The extensions of these regions become sinailer with

increasing density. Returning to Fig. 6 it ia seen that photocurrent may

appear in all three regions- In region I the current is probably due to

photoinjection from one o£ the electrodes or perhaps to photoconduction

due to seine unknown impuri ty of the host ( c f . ehe comments on Fig. 4 above).

In region II, one observes a sharp peak at about 10.5 eV for the two lower

dens i t ies . This can be a t t r ibuted to photoconduct iv i ty excited by transitions

from the localized xenon levels into the conducting levels of krypton. The

drop in response on the high-energy side is caused by the tail of the strong

absorption of the 10.7 eV krypton band competing for the photons. On the

low energy side, however, it is not sure that the threshold seen (at 10.46

and 10.5 eV respectively in a) and b) can be indeed ident i f ied with E

in Xe/Kr: it is possihle that the true position of E is somewhat lower,

but it is masked by the tail of th* band at 10.0 eV. The total disappearance

of the photoconductivity peak in Fig. 6c seems to he due to the broadening

of the 10.7 eV krypton band and its increase in he igh t .

F ina l ly in region III two processes can be discerned. At the lower limit

of the region xenon impurity photoconduction is seen.generated by photons

having larger than the minimum energy E needed for this process, while

the f u r t h e r increase of the current at about 1 1 . 5 eV is in the region of

the threshold for intrinsic photoconduction [28] of the krypton host. The

intr insic photocurrents are rather small in the present experiments, aince

due to the very strong absorption all quasi-free electrons are created very

near to the LiF window where their l ifetime is low.



4. Discussion

The values of E1 that were obtained for the Xe/Ar System Vary little
pc

(0.08 eV} w i th density in the ränge investigated. In contras t , £or pure

Xe in the same ränge there is a change in the photoconduct ivi ty band gap

E by 0.8 eV [23]. This difference can be conveniently discussed by con-pc

sidering Eq. l and the eorresponding equation for intrinsic photoconduction:

E - E„ - I„ + V * P + E
pc G G o \l quantities are related now to the pure m a t e r i a l , with meanings like

in Eq. 1. E would be the energy of the top of the "valence band", compared

with the ground state of the atom, if a flartree-Fock type calculation were

made not taking into account the essentially many-body e f fec t s expressed

by the polarization term P . In the density region discussed V increases

while both P and P decrease with increasing dens i ty . In the case of Xe:Ar

the contributions by V and P almost compensate each other, however, in

the case of pure xenon the decrease of P with increasing density, seems

to be the dominant factor determinine the behaviour of E
pc

The availabüity of spectroscopic resul ts [13] for Xe/Ar for a wide

ränge of densities enables one to calculate several parameters concerning

excitons trapped on xenon impurities aa well äs some characteristics of

the host conduction band. Applying, for simplicity, the effect ive masa theory

we wei te

u ^
E1 - E* - -, n-1 ,2 ,3 ... i>

The values of E„ given in the present work together wich valuea of E^ byl> 2

Messing at al. [ 13] yield B1 directly. Subst i tut ing n-1 in Eq. 4 and com-

paring the result with the experimental value E^ furnishes the centrallexp

- 12 -

cell correction AE * E^ - E\ Furthermore, writine B1 - 13.7 - m*/E
c ! lexp *

(in electron vol t s ) w i t h values of the optical dielectr ic constant taken

direct ly from Sinnock [33] or calculated by means of the Clausius-Mossotti

formula one gets the e f f e c t i v e reduced mass m* of the exciton ( in terms

of the free electron mass) ; since we are dealing with trapped excitons,

this is equal to the e f fec t ive mass of the electrons. Values of B ,AE and

m* thus determined along with the Spl i t t ing A. • E* - E . , E! being the energy

of the n ' = l T ( ] / 2 ) exciton and E that of the n-1 T(3 /2) exciton appear

in Table l for three f lu id densities. The eorresponding parameters for the

solid are also given. It should be noted that all these parameters were

obtained direct ly , without any s impl i fy ing assumptions that had to be made

in the past because of lack of su f f i c i en t experimental data [13,34] . B

is seen to decrease wi th increasing density. This decrease is due to the

Varia t ion of the dielectric constant with density, since the effect ive mass

turns out to be practically constant, 0.55. The central cell correction

ÖE and the Spl i t t ing A . both decrease with density.

Comparison wi th results of other experiments wi l l be made in two parts.

F i r s t , we shall deal with resul ts that are not dependent on the tentat ive

assignments made in the past [ 1-3,13] for the exci tonic spectra of solid

Xe/Ar; this wil l be folloued by dealing wi th the assignments.

a) It should be pointed out that the values of the exciton binding energy

B , the effect ive mass m*, and, to a somewhat worse approximation P , should

pertain to pure argon äs wel l : B and m* refer to large-radius excitons,

and thus are l i t t l e influenced by the hole residing on a host atom or on

an impurity atom, In P the nature of the hole should be fei t mainly on

the contribution of the nearest-neighbour atoms. It is seen in Table l that

if results on fluid Xe/Ar with solid Ar are compared, both P and B decrease

upon the liquid-solid phase transit ion. Such a decrease could be expected

quali tat ively on the basia of the increased densi ty and larger dielectric
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constant [33] ot the solid. However, thia does not account for the whole

change in B ; we note that Chere is also a decrease by abouc 15 Z in the

effect ive mass upon solidif icat ion. The cprreaponding transition in pure

xenon [24] involves an increase of m* by 10 Z. IC is not clear, why ia the

change in opposite directions in the Cwo cases.

The overall consistency of the tesults of this work with results on

pure solid argon äs manifested in Table 1 supports direct ly the spectral

assignment by Messing et al. [13] in f luid Xe/Ar . It also demonstrates the

effectiveness of the combination of phococonductivity and absorption spectros-

copy nethods. The resulta also show two points of discrepancy between theory

and experiment: one refers to the P -values (Fig. 3) and the second to

the effect ive nasses [35] (especially in the f lu id , Table 1).

b) Ue turn now to comparisons based on the spectral assignment of the exe iton

banda in solid Xe/Ar, Table l showa that our result for E is higher by

about 0.4 eV than spectroscoplc results [1-3,13]. Thia marked diacrepancy

leema to be due to erroneuoa «««ignment of the n-2 1X3/2) level in the vorlce

quoted. The following Argument:s support this Claim:

l. Pudevill et al. [5] measured absorption spectra for pure neon and for

neon doped with argon, krypton and xeuon. These authors clearly shoued that

in Ba ld in i ' s tentative assignment [ 1 , 2 ] the n '- l T O / 2 ) exciton and the

n-2 r (3 /2 ) exciton had been interchanged. Comparing the Xe/Ne and the Xe/Ar

spectra show [ l , 2 ] their high degree of l ikeneaa; it seems more than plausible

that a sitnilar interchange was made in the Xe/Ar caae aa well .

2. Studying Fig. 5 that suimnarizes the development of absorption bands

[13] in Xe/Ar shows that (assuming Baldini 's [ t , 2 ] t en ta t ive ass ignment)

upon the phase change -ehe n ' - l F ( l / 2 ) and the n-2 T ( 3 / 2 ) bands interchange

their respective positions. No convincing arguments have been brought forward

to cxplain such a aituation. Moreover, the study of pure xenon below and above

the ph*ae tr»n«ition [17] did not indicate any "croasover" of thia Itind.

- 14 -

3. The S p l i t t i n g A of the disCurbed atomic lines 6s [ l 1 / 2 ] and 6s1 ,0 i /2]

äs well äs of the re la ted exciton bands n* l T(3/2) and n ' - l F { l / 2 ) decreases

roonotonically from 1.13 eV to 0.96 eV with the increase of argon density

[13] (see Table I) but "Jumps" again (according to the above assignment)

to 1 . 3 1 cV upon so l id i f ica t ion (Table l). In the Xe/Ne case [13] there is

no such d i s c o n t i n u i t y , A decreases uith increasing density, including the

s o l i d . It is however unexpected, that for both hosts A is considerably

sma l l e r than the spin-orbi t Spl i t t ing (1 .3 eV) of the 5p levels and of

the va lence bands in pure Xe

A. B g l d i n i ' s results L l , 2 ] involve many bands, several of them unassigned.

The Very high level of doping used in his measurements (1 .5 %) may involve

dimer format ion and correapondingly new levels [36], making the tenCative

assignments i l , 2 ] rather doub t fu l .

The above points strongly favour a re-assignment of the absorption spec-

trum of solid argon doped by xenon. It is suggested that the band observed

at 9 .97 eV in solid Xe/Ar should be at t r ibuted to the n ' - l T ( 1 / 2 ) exciton

and that at 10.53 eV to the n-2 T(3/2) exciton, i .e . , interchanging the

current ten ta t ive assigoments of these bands. Such a re-assignraent eliminates

all the d i f f i c u l t i e s enumerated above, though B and m* are smaller than

the corresponding quanti t ies for pure solid argon.

A somewhat less direct comparison of the present results with experiment

can be made consider ing the photoemission threshold E_, - E« - V . E_, for solid
Tn G o Th

Xe/Ar was determined directly: photoelectron yield spectra [8] fu rn i shed

E * 1 0 . 2 eV and photoelectron d i s t r ibu t ion curves 10.4 eV [9]. The second

method is regarded to be more reliable since it is not inf luenced by absorption

levels compet ing wi th the photoenussion procesa. By comparing Wannier exe iton

series l imi t s and the photoemission threshold in pure solid argon it was

found [37] that V - + 0.3 eV. From this E^ - E,L + V - 10.4 + 0.3 - 10.7 eV.
o G Th o

The agreement wi th the present result E - 10.97 eV is sat isfactory, taking

into account the inaccuracies in the detennination of E_, and V .
Th o
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Because of the experimental d i f f i cu l t i e s caused by the nearness of host

bands to the impur i ty bands the results for Xe/Kr are much less detai led

than for Xe/Ar . St i l l , one may compare the values of E and P in Xe/Kr

with corresponding values in Xe/Ar.. The results in Xe/Kr are consistently

lower than in Xe/Ar for all three quantit les, äs it could be expected from

ehe Larger atomic weight and consequently higher po la r izab i l i ty of krypton.

Even so, it should be tnentioned that i£ one combines the resul t for E
pc

(10.5 eV) in liquid Xe/Kr wi th the result by Raz and Jortner for the n-2

F(3 /2) exciton in the liquid (9-6 e V ) , B1 - 3.6 eV is obtained. This is

somewhat larger than B in the Xe/Ar System, though it should be smaller.

Moreover, it is more than twice larger than B (1.53 eV) in pure solid krypton

[38]. These discrepancies are much too big to be a t t r ibutable to changes

in the d ie lec t r ic constant and the ef fec t ive mass upon the phase t ransi t ion.

4. Conclus ions

This f i r s t study of photoconductivity excitation spectra in doped rare

gas f l u i d s and solids demonstrates that electrons can be brought in to the

quasi-free conduction levels of these very wide gap m a t e r i a l s by photoex-

citat ion f rom impuri ty levels. Though the impuri ty centres probably cause

a decrease in the l i f e t i m e of the photoelec t rons , the cur ren ts obta ined are

st i l l c o n v e n i e n t l y neasurable if an appropriate sanple cell and Synchro t ron

r ad i s t i on are used. The technique has been put to use for the deterra inat ion

of the ground s ta te energy of the impur i ty within the host and, in combinat ion

wi th other measurements , of a series of derived pa ramete r s . The f i r s t de te r -

mina t l on of the hole polar Iza t ion energy P , based d i r e c t l y on exper iment ,

should be p a r t i c u l a r l y noted . It seems that e s sen t i a l ly the same technique

could be used for the de terminat ion of energy levels and related parameters

in many dcped wide-gap fluid or solid Systems. Moreover , the technique may

have also s ignif icance in assessing the expected per fo rmance of particle

detectors based on dense rare gases, since this is the only way to study

- 16 -

single-photon photoconduction in materials having band gaps larger than

the LiF cutoff and since impurities may have direct effects on electron

mobil i t ies and lifetimes.
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Table 1

T

00 Ref

(b) Ref

(c) Ref

(d) E1
% ' n/-

n Fl U ff1 P1 F1V k_, * J. *J

3) (6V) (eV) (eV) <eV) (eV)

10.95 -0.26^ 11.21td) -0.91(B3 9.98

10.94 -0.22(t>* 1 1. I5*d' -0.97Cg' 10.03

fb} (d̂  fe>
10.94 -0.17^ ' 1 1. 1 l v ' -1 .02 VK' 10. 14

10.97 0.3(C) 10.7<d) -l.4(g)

10,6ta> 10.2(e) 9.97

I0,4tf) 10.53

(b)

(h)

(h)

(a)

(i)

B 4 E AI m* m*

(eV) (eV) (ev) exptl. calc.

3.88Cj) -1.6(n) l.07<h) 0.55(0) 0.81(s)

3.62<j> -1.4(n) l.00(h) 0.56<0> 0.78(s)

3.20(j) -1.1 <n) 0.96(h) 0.54{D) O.75(s)

0 * 1 3

2.36<k> Q.47̂ ' 0.45(U)

4.00(1J -2,25(l) 1.31fa) 0.80(ß) O.44tv)

I.76Cm) 0.0(n) 0.75<m) 0.35(r)

Exciton parameters in Xe/Ar at three fluid densities and in the solid.

For the notation see text.

' 2> (m) based on E1 and
?ft 1 PC• zo' (n) from E, from

1 exp
- 37> Pure Ar' <o) from fii and e ,

* vn ' (o) from B1 of Ref.

re-assigned data of Ref. 2,

Ref. 13 and BL ,

see text,

38 and t .

(f) Ref. 9,

<g) calculated from Eq. l, see text,

(h) Ref. 13,

(i) re-assigned data of Ref. 2,

(j) fron E. and E1 , see text.
2 pc '

(k) Ref. 38,

(1) based on E and Ref. 2.pc '

(q) using B based on E and Ref. 2 äs well äs e ,

(r) üsing BL based on E1 and re-assigned data of Ref. 2 äs well äs e ,

(3) Ref. 35, pure argon,

(t) Ref. 42, based on pbotodetachment from 0- in argon,

(u) Ref. 39, pure argon,

(v) Ref. 40, pure argon.
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