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A comprehensive investigation of the optical excitation of pure solid
Ne and of Xe, Kr and Ar impurities in Ne has been carried out in the
vacuun ultraviolet using synchrotron radiation. Improved preparation
techniques and a new sensitive absorption technique for thin films in

a veflection geometry made possible for the first time the observation
of exciton series up to n=56. The analysis of the data gave new tm—
portant information on the energetics of excitons in solid Ne. A new
value of 21.69 eV for the band gap energy, the energy levels and binding
energies for the excitons in pure and doped solid Ne and reliable values
for the central cell correction, which are compared to theoretical
predictions, have been derived. Furthermore the oscillator strengths .
for valence excitons up to n=3 in pure Ne could be determined experi-

mentally and a consistent set of opticul constants has been obtained.

Eine ausfiihrliche Untersuchung der optischen Anregungen in reinem Ne

wnd in Ne dotiert mit Xe, Kr wnd Av wurde im Vakuwwm Ultraviolett mit
Hilfe der Synchrotronstrahlung durchgefiihrt. Verbesserte Prdparations—
bedingungen wnd eine neue ermpfindliche Methode zur Absorptionsmessung

an diinnen Schichten in einer Reflexionsgeometyrie ermbglichte zum ersten—
mal die Beobachtung von Exaitonenserien bis n=5. Die Auswertung der
experimentellen Daten lieferte neue wichtige Informationen iber die
Energilesustinde der Exaitonen. Ein neuer Wert fir die Energie der Band-
liicke von 21,69 eV, die Energiezustinde und Bindungsenergien der Exai-
tonen in reinem wid dotiertem Ne sowie zuverlissige Werte fir die Central
Cell Correction, die mit theoretischen Vorhersagen verglichen werden,
konnten gewornmen werden. Fermer wurden die Osazillatorstdrken fir Valenz-

band-Exzitonen bis n=3 in reinem Ne wnd ein Kkonsistenter Satz optischer

-

Konstanten bestimmt.



1. Introduction

The rare gas solids are important being prototype imsulators with Van der
Waals binding. They have been widely studied for that reason both theoreti-
cally and experimentally over the last years (1]. The optical absorption
and reflection spectra have been systematically investigated in a large
photon energy range covering valence and inner shell excitations, lately
by using synchrotron radiation {2). In these large band gap materials the‘
onset of electronic absorption is characterized by a number of narrow lines
followed by broader continuum—like structures at higher energies. The exci-
tation energies En of the narrow lines have been described in terms of a

hydrogenic Wannier series of excitons (3) by

E =E, - - (1)

with E. gap energy, B binding energy and n principal quantum number. Sub-
sequently the theoretical analysis of the excitonic spectra has been refined,
and binding energies and oscillator strengths have been calculated for Xe,

Kr and Ar and compared to experimental results (4).

In addition, radiationless electronic energy transfer phenomena from gaseous,
liquid and solid rare gases and rare gas mixtures have been investigated by
studying the emission of vacuum ultraviolet radiation (5]. Recently, also
photoemission yield spectroscopy on pure [6—9) and doped (10] rare gas solids
provided further interesting information about such processes. Furthermore
the first photoelectron energy distribution data {11,12] showing a consider-
able width of the valence bands have been particularly useful in testing the

predictions of various band structure calculations (12,13].



Most of the optical and theoretical studies have been performed on sﬁlid Xe,
Kr and Ar. Comparatively little is known on solid Ne. This is due to experi-
mental difficulties which are caused by its extremely large band gap

(> 21 eV) and its low condens_ation temperature (v 5 K). Boursey, Roncin,
and Damany (14) have obtained an absorption spectrum of solid thin films

of Ne, where an exciton series up to n=3 was observed. Reflection spectro-
scopy and transmission measurements with synchrotron light by Haensel et al.
{15] show an exciton series from which a value for the band gap EG=21.& eV
was obtained (16]. The electron energy loss spectra by Daniels and Kriiger
(]7] and Schmidt {18] using electrons of several 10 keV without monochroma—

tization showed similar, though less clearly resolved structures.

Ar, Kr and Xe impurity states in a Ne matrix have been studied by Baldini
(19). Gedanken et al. {20) have extended these experiments to molecular im-
purity states such as benzene and ethylene in Ne. It was found for all these
deep 1ying impurity states that again the Wannier model provides a good

description of the excited impurity energy levels E;:

i i B
EII:EG__E (2)
n
where Eé is the gap energy and B' the binding energy for the impurity

states.‘However, the observation of more than two members of a series and
therefore also a real test of a hydrogenic behaviour and an accurate deter—
mination of Eé and Bi were hampered by the limite& photon energy range avail-
able in Baldini's experiments {19] and by vibrational structure and under-

lying dissociative continua in the case of molecular impurities (20).

The purpose of this paper is to present new results of a comprehensive in-

vestigation of the optical excitation of pure solid Ne and of all the rare



gas impurities in solid Ne. The studies were made possible by application
of the synchrotron radiation from DESY and improved preparation techniques
of condensed films at low temperature in ultra high vacuum. The band gaps
and binding énergies for the pure solid and the impurities could be deter-—
mined much more accurately b§ studying the reflection dips developing for
very thin films on a gold substrate for energies where the reflection and
absorption show maxima for thick films. Furthermore the results presented
here have also been indispensable for our investigations of the dynamical
properties of excitons in solid Ne. In these later experiments, which are
described elsewhere {2]) , the diffusion and decay of excitons in solid Ne
and Ne slightly doped with Xe, Kr and Ar has been studied by photoemission

yield spectroscopy.

In the next section details of the experiments will be briefly described.
In section 3 we present and discuss the experimental results for pure Ne
and for the impurity states Ar, Kr and Xe in solid Ne. The results are

summarized in section 4.



2. Experiment

The experiments were performed with the radiation of the DESY electron syn=
chrotron, monochromatized with a normal-incidence monochromator. The reso-
lution was 2 & over the whole energy range (10 to 30 eV), i.e. 0.1 eV at

25 eV, At the exit arm of the monochromator an ultrahigh vacuum chamber
was attached. The experimental arrangement, described in detail elsewhere
(22) allows for combined optical and photoemission measurements étpressures

lower than 5x10710 Torr.

2.) Samples

The rare gases from L'Air Liquide and Matheson research, which were used as
samples, had a purity of 299.995 % for Ne, 99.9997 % for Ar, 99.995 % for Kr,
and 299.997 7 for Xe. They have been used without further attempts for puri-
fication. The sample composition was controlled by mixing the appropriate
amounts of the constituents in an ultrahigh vacuum gas handling system at a
total pressure of .1000 Torr. The comﬁosition of the samples given with the
results refers to the relative partial pressures in the gas handling system
and thus represents only a lower limit for the impurity concentration, since
enrichment during condensation has not been taken into account. As samples
thin films were prepared in situ by condensing the gases onto a cooled gold
substrate. The low temperatures (v 5 K) were obtained with a bakeable liquid

He flow cryostat.

2.2 Reflection measurements

Light from the monochromator passing through the exit slit hits the sample
under an angle of incidence of 7° with respect to the normal of the sample.
The intensity of the reflected light R(w) is monitored with an open electro-

static photomultiplier (Johnston MM2). The intensity of the incident light



1 is measured by the same photomultiplier moved into the incident light
beam, when the sample is turned out of the light path. Thus the determi-
nation of absolute reflectivities is p08sibie. The relative aééuracy with-
in a reflectance spectrum is better than 3 7 over the whole range. The
absolute values are accuratelwithin 10 Z. The absolute values were further
checked against the reflectance from the Au substrate which is known from

the literature (23) .

Generally spectra obtained in this way represent the reflectance from the
vacuum - rare gas film - gold substrate combination, as schematically shown
in Fig. 1. Only for thick films and those spectral ranges, where the ab-
sorption of the rare gas film is so high that the contribution from the Au
substrate can be neglected the signal represents the true reflectance of
the bulk. Outside this range interference effects are present. However,
the systematic variation of the film thickness d allows a clear identi-
cation of such interferences. Furthermore, model calculations of the re-
flectance of the film-substrate combination were carried out (section 3.2)
based on the formulae for multilayer systems as described for instance in

Ref. (24).

The fact that the neon films are almost perfectly transparent apart from
the strong absorption band of the n=1 exciten allows a sort of '"modified
absorption" measurements in a feflection geometry: The main contribution
to the reflectance stems from the Au-substrate rare gas interface. It is
attenuated by weak transitions in the rare gas film which are observed as
dips in the reflectance. Such excitations with comparatively weak absorp-
tion, for which this sensitive technique can be successfully used are the
higher members n > 2 of the exciton series in pure neon (Fig. 3) and the

impurity states at low impurity concentration (Figs. 6-9).



2.3 Kramers—Kronig analysis

From the reflectance data the dielectric constant (DK) £ = al+i£2, where €
and €, are the real and imaginary part of the complex dielectric constant,
can be obtained via a Kramers-Kronig analysis (255. We have performed such

an analysis for pure Ne using reflectance data for thick films (d > 4000 R)
and suitable extrapolations. The use of a fast data processing system {263
faciliated the analysis and made possible various checks for internal con-
sistency of the data. For 40 we used the static dielectric comstant eo=l.25
as calculated by the Clausius-Mossotti formula. For the visible and UV range
a low reflectance fitting smoothly to both the‘ﬁw+0 and the measured 2p-
reflectance at higher energies was chosen. Care was taken that the phase ©

of the reflection did not show an unphysical behaviour. For energies from

30 to 400 eV the absorption of solid Ne as obtained by Keitel (27] was used
for the determination of the reflectance in this range again via the Kramers
Kronig relation. Reflectance spectra from O to 400 eV were then constructed
by comﬁining the extrapolation to lower energies, the measured reflectance

in the 2p-excitation region and the calculated reflectance at higher ener-

L

gies (30 — 400 eV). For energies w400 eV the extrapolation R « w™" was

used. The final analysis gave the e, and €, spectra presented in Fig. 5.

It is worth noting that the accuracy of the excitation energies for the
exciton lines with n>2 as quoted with our results is independent from any

uncertainty introduced by the Kramers-Kronig analysis, since they could be

read directly from the spectra. Further we note, that the accuracy of the
present reflectance data in the n=1 exciton range was not sufficient in

order to deduce the ratio of the spin 1/2 and spin 3/2 components of this band
exactly. In particular the outcome of the Kramers-Kronig eralvsis dzpends
critically on the depth of the miniwmum within the reflectance bard, which

could nct even be ooserved for all samples studied (see Fig. 4).



3. Results and Discussion

3,1 Results for pure Neon

The reflectance of a Ne film with a thickness of d=1300 & condensed onto

a gold substrate is shown in Fig. 2. The dominant maximum at 17.8 eV is
associated with the n=1 excitons. In the spectral regions A and C outside
the strong reflectance band B of the n=1 exciton maxima and minima caused
by interference were observed. By.varying the film thickness it was confirmed
experimentally that all apparent reflectance peaks in the range A are due
to interference. For the range C the change of the spectra with film thick-
ness is shown in Fig. 3. For thin Ne films (d=80 R) four dips are observed
in the otherwise flat spectrum. They are assigned to the n=2, n=3, n=4 and
n=5 excitons, respectively., With increasing film thickness these dips turn
into small peaks. Even for the thickest film (d=10500 R) there remains

structure between the exciton peaks originating from interference.

In Fig. 4 reflectance spectra are shown for four different film thicknesses
in the region of the n=1 exciton. For films 50 % thick the reflectance band
is asymmetric., The full reflectance band is only observed for d4>900 R. 1t

is characterized by a maximum reflectance of 60 % at 17.83 eV and a shoulder
at around 17.6 eV on the low energy side, which for some samples has been
observed as a well separated peak.

The results of the Kramers-Kronig analysis as described in section 2.3 are

shown in Fig. 5.

3.2 Discussion for pure solid Neon

The experimentally observed excitation energies in the excitonic region of
the spectrum are compiled in Table 1. They are compared to the atomic (28]

2p®+2p°ns,ns' and to the molecular {29,30] transition energies involved with



the lowest 2p® electron excitations. As Tanaka and Yoshino (30) have shown

the molecular band systems, each representing an electronic transition from
the ground state to an upper state, are closely related to one of the excited
atomic levels ns,ns'. It has been noted in Ref. (15], that there is also a
close relationship between the line positions in gaseous and solid Ne and that
a discussion in terms of localized Frenkel excitons would be possible. Inspec-
tion of Fig. 4 suggests that the spin orbit splitting could be resolved in

the present experiment for the n=1 exciton. It amounts to approximately 0.2 eV
as taken from the reflectance spectra thus being close to the gas values of

0.17 eV for the 2p~3s,3s' lines.

A comparison to previous absorption measurements on solid Ne (14,15) gives
general agreement with the results of Ref. (15). However, the present modi-
fied absorption experiment enables us to observe members of the exciton
series up to n=5 (see the bottom part of Fig. 3). From the systematic inves-
tigatién of the thickness dependence as displayed in Fig. 3 it is evident
that in the reflection spectrum as reported in Ref. [15] the peak at 20.9 eV
is caused by interference and does not correspond to the n=3 exciton. Our
results for the impurity excitations for n>2 in a Ne matrix which clearly
show that the binding energies of the excitons are governed by the host ma-
trix an& are independent of the guest atoms (see sectiom 3.3 below), are
unequivocally in favour of an assignment in terms of the Wannier model.
Furthermore, there arise problems in applying the Frenkel exciton model in
describing the s—type final states in the solid, as has been discussed

by Réssler {3]]. Our assignments in Table 1 are therefore given in terms

of the Wannier picture. Applying eq. (1) and using wvalues for n>2 one ob-
tains an excellent fit of the experimental data to the Wannier series‘for-

mula (see also Fig. 12) yielding new values of EG=21.69 eV for the gap



energy and B = 5.24 eV for the binding energy. The values for EG as re-
ported earlier [15) on the basis of an extrapolation using only the n=2
and n=3 members have been 21.4 and 4.3 respectively. It is intefesting to
note that the shift AEC = 1,04 eV (central cell‘correction) of the first
exciton in pure Ne from the vélue predicted by the Wannier model is much
larger than the corresponding shifs in the other rare gas solids.

(AE = 0.19 eV, AE = 0.03 eV and AE = -0.1 eV (red shift )).

C,Ar C,Kr C,Xe

Thus the Wannier model has to be modified for the n=1 exciton by the intro-
duction of a large central cell correction. According to the theoretical
consideration of Hermanson and Phillips (33) based on pseudopotential theory
the central cell correction AEC increases with the exciton binding energy B.

This relation is borne out quite clearly by the trends observed for both

quantities for all four rare gas solids (see Table 2).

For the evaluation of the reflectance data we have used a simple oscillator
model in order to simulate the observed band shape of solid Ne. In the
calculations we used the reflection formulas (24] for a package with two
plane boundaries and homogeneous dielectric constants (DK) for the thin
film and the gold substrate (Fig. 1). The computer program allowed for the
variation of the parameters such as the background DK €, the resonance

frequencies w halfwidth T, and strengths of the oscillators fk’ the

ok? k

film thickness and the angle of incidence. For the dielectric constant of

Ne a simple oscillator model was used

2 k
¢(neon) = ¢+ «? 7} (3)

°© P ox=1 & OV iwl)

where wy = (lmnez/m)l/2 is the palsma frequency. Examples for the result
of such model calculations are portrayed in Fig. 6 and 7. In both cases the

statlic dielectric constant €, = 1.3 was chosen as the background DK. In Fig.



6 calculated normal incidence reflectance spectra are shown in the range of
the n=1 exciton for a fixed film thickness d = 500 &. Two oscillators with
resonance frequencies at 17.48 and 17.58 eV having the same oscillator strength
f=f]=f2 and the same halfwidth T of 0.05 eV have been assumed. These para-
meters have been chosen in view of the experimentally determined halfwidth of
the corresponding transition in solid Ar of 0.05 eV {34] and the spin orbit
splitting of the Ne 2p levels in the gas phase [28,35). Keeping these para—
meters fixed the oscillator strength [ was varied. As can be seen by compari-
son with Fig., 2 the calculation with f = 0.1] gives a quite reasonable fit
to the experimental data as far as the absolute reflectance (“60 Z), the lo-
cation of the bands, the peak separation (v0.18 eV) and the overall width of
the reflectance band (“0.3 eV) are concerned. The result of this fit with
both spin components having the same oscillator strength indicates that in
solid Ne pure LS—coupling with vanishing spin 3/2 component is not realized.
The calculation with f=0.08 for both oscillators results in a reflection baund
with bofh the absolute reflectivity and the total band width too small. A
spectrum calculated with fl=f2=0.25 yields a reflection band with a larger

absolute reflectance and halfwidth than experimentally observed. We note

that the f value for the 3s resonance in the gas phase is f=0.139 (36].

For the range of the n=2 exciton results of our model calculation are shown
in Fig. 7. Here the resonance frequencies, halfwidth and oscillator strength
of two oscillators each with the same oscillator strength f were kept fixed
and the film thickness d was varied. In this way the change from a dip in the
reflectance to a small peak with increasing filmthickness is clearly demon-
strated. This and a similar fit for the n=3 exciton yield estimates for the
oscillator strength of f = 0.021 (n=2) and f = 0.008 (n=3), which corréspond

to the !/n3 law expected for the oscillator strength for Wannier excitons.



3.3 Results for Xe, Kr and Ar impurities in solid Ne

The reflectance spectra for thin films of neon doped with Xe, Kr and Ar
are shown in Figs. 8-11. All spectra show a number of bands of reduced
reflectance in the transparent region A of pure Ne (see Fig. 2). Compared
to the linewidth of the free'gas atoms these apparent absorption bands are
fairly broad. In order to obtain qualitative information about the influence
of the guest atom concentration on the linewidth we have measured spectra
for Xe in Ne for three different concentrations. The results are displayed
in Fig. 9. With higher concentration the apparent absorption profile be-
comes broader on the low energy side and even a splitting of the band into
two distinct subbands can be observed for the T'(3/2) n=1 band. This result
strongly suggests that for the other impurity spectra with a 1 % impurity
concentration broadening of the apparent absorption bands due to formation

of molecular impurities is also present.

All the observed bands can be grouped into series. For each impurity these
spin orbit split impurity exciton series are indicated on top of the spec-—
trum. The minima not labeled in the figures are caused by interference.
The energies and assignments of the impurity absorption, as read from the
spectra, are listed in Table 3. The values obtained by Baldini (19] for

the lowest members are given for comparisomn.

3.4 Discussion for Xe, Kr and Ar impurities in solid Ne

The spectra from slightly doped Ne films show similar features as observed
for pure rare gas solids: for each impurity two series can be assigned,
split by spin orbit interaction, converging to the bottom of the conduc—
tion band of the host matrix. For n>2 the energies of the series members

are almost perfectly described by a Rydberg formula (eq. 2). This is de-



. . . . . . i
monstrated graphically in Fig. 12 where the excitation energles En are

plotted versus 1/n?. Thus from the convergence of these series the gap
i

energles EG

of the impurity states as well as the spin orbit splitting of
the guest atoms in the Ne matrix can be derived with an accuracy of 0.1 eV
(Table 3). The spin orbit splitting is compared with the values for the free
atoms and those for the pure solids. Further Fig. 12 shows that the term

i i .. . ..
E- - En coincide with those for pure Ne. Deviations are ob-

It

i
values T
n
served only for the n=1 excitations where the electron and hole are fairly

localized. This shows the influence of the individual guest atoms:

T Ne /Ne - 4.20 eV, TiAr/Ne ?r/Ne

. (T3/2) = 3.64 eV, T
(I'3/2) = 4.10 eV and Tl (r1/2) = 3.86 ev. lt follows that the

Xe/Ne

("1/2) = 3.80 eV,

TlKr/Ne

binding energies Bi determined from excitons n->2 excited at the guest atoms
reflect the properties of pure Ne (Table 4) and are independent of the
individual impurity (Table 2). This observation very strongly supports

our interpretation in terms of the Wannier model. Within the effective mass
approximation the binding energy B (eq. 1) depends only on the dielectric

constant = and the effective mass m

m*e“
B = ——— (&)
2R% 27
with l/m* = 1/m + 1/ (5)
e ™

where m, and m ~are the electron and hole masses at the center of the
Brillouin zone. At the low concentrations investigated distortions of the
host lattice by the impurities can be neglected and for excitons with radii
greater than the nearest neighbour distance (n>2) = of pure Ne may be used
for the calculation of Bi. Electrons excited at the guest atom mcve in the
conduction bands of the host leading to a common value of m whereas the

hole will be bound to the guest atom. From eq. 4 and 5 an upper limit of



B' = 5.8 eV is obtained taking typical values for m, from bandstructure

calculations [37) and a B value of B = 5.24 eV for pure Ne from our experi-
ment, while ]/mh % 0. In order to determine Bi from the experimént one can
use n=2, n=3 and n=4 of the 1(3/2) exciton series of Ar in Ne and Kr in Ne
(Table 3). One obtains B = 5.27 eV and B'" = 5.32 eV (Table 4). The experi-
mental accuracy for the energy positions is approximately 0.05 eV at 20 eV
and results in an uncertainty of 0.5 eV for the Bi values. Thus the predic-
tions of the Wannier model for the binding energies of n>2 excitons of these
deep ilmpurity states in solid Ne are in excellent agreement with our experi-
ment. With € = 1.25 an electron mass m, = 0.60 (in units of the free electron
mass) was determined. Because of the large values for the hole masses m of
solid Ne we were not able to resolve a distinct difference in the effective
masses when excitons are excited from the valence band of pure Ne or from
one of the impurity atoms.

i

From the coincidence of the Th values for n>2 one can calculate the band gap

i

¢ even for those cases, where a direct observation of higher mem-—

energies E
bers of the series is not possible. This leads to the gap energies as given

in the third row of Table 4.

In the system Xe in Ne the observation of two series including also higher
members allows a correct identification of the first absorption bands ob-
served already by Baldini {19}. In order to obtain convincing assignments
fitting into two series it was necessary to change the order n=1(3/2) at
9.08 eV, n=1(1/2) at 11.28 eV and n=2(3/2) at 10.04 eV as given in (19) and

the reinterpretation given in (38] to the one shown in Fig. 8 and Table 3.



In this way one also avoids the problem of a spin orbit splitting of
2.2 eV for Xe in Ne which would not be consistent with recent photoelec-

tron energy distribution measurements @2).

Turning now to the energy of the n=1 exciton we observe that the overlap
of the lowest excited state with the medium is not sufficiently large to
make the approximations valid, which are used in the Wannier scheme. The
central cell correction AEC accounts for the deviation of the observed
energies from the predicted energies derived from the higher member of

the exciton series. The values for AEC determined from our measurements
are listed in Table 4 and are plotted versus the binding energy in Fig. 13.
The calculated relationship between AEC and B shows a monotonic increase
of AEC up to binding energies B = 2.4 eV (33) (see Fig. 13). According

to Ref. (20,39] this relationship may be adequately described by a linear

dependence

AEC = a + BBi (6)

where the constants a and g are determined by the impurity. Our AEC
values of 1.67 eV and 1.47 eV for Xe in Ne are quite lower than the

value of 2.34 eV assumed in (20,39). Thus the linear fit does not hold.



4. Summary
Important new information on the excitons in pure and rare gas doped solid

neon could be obtained in the present experiments:

(a) a consistent set of optical constants was established for pure
solid Ne
(b) the binding energies Bi for the impurity excitations are the same as
- those for pure Ne for n>2 and reflect the properties of the host.
The Wannier model provides a satisfactory description for excitons
in solid Ne,
(¢) on the basis of our new data we could not corroborate a linear depen-—
dence of the central cell correction AEC on the binding energies Bi.
(d) The old value for the gap energy for pure Ne has been corrected
thanks to the possibility to observe the exciton Wannier series up
to n=5. The new wvalue 1is 21.69 eV.
(e) Comparison with calculations based on a simple oscillator model gave
quantitative estimates for the oscillator strength of the n=1,2 and
3 excitons (both spin components included) as f = 0.22, £ ~ 0.042 and
f 2 0.016 respectively. |
(f) The energy levels of the impurity states Ar, Kr and Xe within the
band gap have been determined and basic parameters have been derived

from this. The influence of the concentration on the line shape has

been demonstrated.
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Table | Excitation energies in eV in the excitonic region of the spectrum
for pure neon. Energies for the atomic and molecular transitions

are given for comparison

solid (a) molecule (b) gas (c)
2p%->2p°ns (n>3)
2 ?
Psj2 Fip
17.6 sh S T3/2 16.64 system 1 16.67
n=]
17.83 T1/2 16.84 system II 16.84 -
19.67 system IV 19.69
20.38 n=2 1'3/2, I'l/2
19.76 system V,VI 19.78
20.55 system X,XI 20.57
21.09 n=3 '3/2, °1/2
20.63 system XII 20.66
20,94
21.38 n=4 ra/z, ri/2
21.04
21.15
21.50 n=5 1'3/2, 1I'1/2
21.24
21.56 IpP
21.69 EG
21.66 IP

{a) this work, for n=1 maxima of the reflectance are quoted the corresponding
peak in e _ is at 17.49 eV; for n>2 the energies correspond to the observed

<

minima in transmission; EG gap energy

(b) Y. Tanaka and K. Yoshino (Ref. 30 ); the assignment of the bands is also

taken from Ref. 30 .

(c) C.E. Moore (Ref.28 ); IP: ionization potential



Table 2 Parameters deduced from the excitation emergies for excitoms in
pure Ne compared to the values obtained for the other rare gas
solids [2]. EG gap energy, B binding energy, AESO spin orbit
splitting, AE6 central cell correction, i.e. deviation of the
excitation enefgy for the n=1 state from the value predicted
by the Wannier model.

All energies are in eV.
Ne Ar Kr Xe
Eq 21.69 14,2 11.6 9.3
B 5.24 2.3 1.4 0.8
AE ~0, 1 0.2 0.64 1.3
SO
AEC 1.04 0.19 Q.03 =0.1

(red shift)



Table 3 Excitation energies E in eV for excitons in pure Ne and Ar,
Kr and Xe impurity states in a Ne matrix. Numbers in brackets

from the work of Baldini (Ref. 74 ) are given for comparison,

Ne ? Ar in Ne Kr in Ne Xe 1in Ne
r(3/2y r(1/2) | r(3/2) TQ/2)| T(3/2) T(1/2)
n=1 17.83(2) 12.59  12.80 | 10.68  11.29 9.06  10.05
(12.5) (12.7) |C10.62) (11.22) | (9.08) (10.04)
n=2 20.38 14.97  15.31 13.45 14,06 11.32 12.59
(11.28)
n=3 21.09 15.67  16.04 14,14 - - 13.32
n=4 21.38 15.90 - 14.55 - - -
=5 21.50 - - - _ - _
g | 21.69 16.23  16.60 14.78 - - 13.91

(a) Maximum of the reflectance band; the maximum of the

¢, —curve is at 17.49 eV.
&



Table 4 Parameters deduced from the excitation energies for excitons in

pure Ne and Ar, Kr and Xe impurity states in a Ne matrix.

EG gap energy, B binding energy, AE;O spin orbit splitting of

the impurity levels, AE, central cell correctiom, i.e.

deviation of the excitation energy for the n=1 state

from the value predicted by the Wannier model. All

energies are in eV.

Ne Ar in Ne Kr in Ne Xe 1n Ne
r(3/2) r(1/2) r(3/2) r(1/2) r(3/2) r(1/2)
Eq 21.69 16.23 16.60 14,78 - - 13.91
B (+0.1) 5.24 5.27 5.18 5.32 - - 5.28
B
Ne
Eg=E,+ - 16.28 16,62 14.76 15.37 12.63 13.90
i
BE =E(1/2)- i .
“£,(3/2) L34 0.61 1.27
OE (+0.9) 1.04 1.60 1. 44 1.14 1.16 1.67 1.47




Figure Captions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Principle of the reflectance measurement

from the rare gas solid

- Gold substrate sandwich. IO incident intensity, I_ reflected

R

intensity, =« angle of incidence, d thickness of the rare gas film.

Reflectance of a Ne film with thickness d = 1300 2 evaporated onto

a gold substrate for photon energies 10 to 25 eV. The three ranges

A, B and C of the spectrum are discussed in the text.

Reflectance of Ne films evaporated onto a gold substrate for five

different film thicknesses in the range of exciton excitations

with n»2.

Reflectance of Ne films evaporated onto a gold substrate for

four different film thicknesses in the range of the n=) exciton.

Reflectance spectrum of a thick (d>3000 2) Ne film and dielectric

functions deduced from it via Kramers—-Kronig analysis (for

detalls see text).

Model calculation for the n=1 exciton. For a fixed film thickness

d = 50008 the oscillator streigth is varied. The parameters used

are: resonance frequencies ﬁw = 17.48 and 17.58 eV, halfwidth 0.05

Model calculation for the thickness dependence of the reflectance

of Ne on a gold substrate in the range of the n=2 exciton. The

parameters used are: resonance frequencies ﬁm = 20.28 and 20.38 eV,

halfwidth 0.15 eV, oscillator strength f

0.036.

eV.



Fig. 8
Fig. 9
Fig. 10
Fig. 11
Fig. 12
Fig., 13

Reflectance of a Ne film doped with ~1 7 Xe with thickness
d = 2000 & evaporated onto a gold substrate. The spin orbit
split impurity exciton series is indicated on top of the

spectrum,

Reflectance of Ne films doped with 0.1 7 (solid line),
w1 2 (dashed line), and 5 % (dash-dotted line) Xe respectively
evaporated onto a gold substrate in range of the n=1 Xe

impurity excitations.

Reflectance of a Ne film doped with ~1 % Kr with thickness
da = 1700 § evaporated onto a gold substrate. The.spin orbit

split impurity exciton series is indicated on top of the spectrum.

Reflectance of a Ne film doped with ~1 % Ar with thickness
d = 1800 &. The spin orbit split impurity exciton series is

indicated on top of the spectrum.

Excitation energies of excitons in -pure Ne (En) and of the
impurity states of Ar, Kr, and Xe in a Ne matrix (E;) plotted
versus l/n2 according to the Wannier model.

- p&XP cal

- E for the n=1 impurity

Central cell correction,ﬁﬁc 1 ;

state of Xe in various materials versus the exciton binding energy
B. The dashed curve is from Ref. (20}, the solid curve represents

the theoretical calculation [32,33). The new value for Xe in Ne

(this work) is shown «
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