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The reflection and transmission spectra of solid Ne films
have been measured at 6° K for photon energies between 10
and 35 eV where transitions from the valence band occur.
The use of the continuous spectrum of synchrotron radiation
of DESY enabled us to resolve an exciton series with sharp
maxima beginning at 17.8 eV and converging to 21.4 eV. At
higher energies solid Ne ewhibits additional weak structures

in the conduction band continuum.
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In the past years excitations from the valence bands of solid Argon,
Krypton and Xenon have been studied opticallyl™ and by electron
energy loss experimentssss,but no optical experiments have yet been
performed on solid Neon. By use of the continuum of synchrotron
radiation the valence band excitations of Ar, Kr and Xe were studied
recently up to 30 eV with high resolution.?s3 In these experiments an
efficient reflection technique was used. The improvement of our know-
ledge of the spectra of the heavier rare gases obtained by these in-
vestigations encouraged us to study also solid Ne with the same tech-
nique. According to the absorption of gaseous Ne’»>8 and a theoretical
work on the solid”?, Ne was expected to show its first electronic re-
sonances around 20 eV, a region difficult to investigate with high

resolution using conventional light sources.

We measured the reflectance of solid Ne at 62 K for an angle of inci-
dence of [5° in the energy range from 10 to 30 eV. The synchrotron
radiation of the 7.5 GeV DESY!? electron synchrotron was monochroma-
tized by a normal incidence monochromator in a modified Wadsworth
mounting.!l The resolution was about 2 & in wavelength over the whole
energy range. The wavelength calibration was accurate to 2 R. Gaseous
Ne (burity 99,99 7, purchased from L'Air Liquide) was evaporated either
onto a cleaved KCl single crystal or a polished LiF plate, or a 500 g
thick Mg foil, respectively, which were cooled in a He cryostat. The
light reflected from the Ne surface was detected with an open magnetic
photomultiplier Bendix M 306. When a Mg foil was used as a substrate
the transmission could be measured simultaneously with the reflection

by means of a second magnetic multiplier behind the sample. Cryostat



and multipliers were placed in a modified commercial ultrahigh vacuum
system.1? After baking the whole system for 8 hours the basic chamber
pressure was of the order of 1072 Torr. During evaporation oscillatory
changes of the intensity of the reflected light due to interference
effects with increasing thickness were observed for photon energies
below the onset of absorption (16 eV). The evaporation was stopped when
these oscillations in intensity disappeared thereby indicating that the
films were sufficiently thick to exclude interference, Because of the
good vacuum conditions the reflectance remained constant within 10 %

over one hour.

Figure | shows the reflectance of solid Ne evaporated onto a LiF-plate
or a KC1 single crystal measured between 16 and 30 eV. Below 16 eV no
structure was observed. Above 16 eV the spectrum is dominated by an
intense reflectance peak at 17.8 eV followed by a series of weaker
maxima at 20.3 eV, 20.9 eV and 21.3 eV, respectively. Between 22 eV

and 30 eV no prominent structures were observed,

The reflectance value for the dominant peak at 17.8 eV was estimated
to be 60 7 with an error of +20 % by comparison with the known re-
flectivity of the KCl substrate. This first line is about forty times
more intense than the second one. The positions of the first three
lines agree within 0.1 eV with those found in electron energy loss
experiments,!3s1% The fourth line is only resolved in the optical

experiment,



In contrast to the other rare gas solids no spin-orbit splitting is
observed. The splitting is expected to be close to the value of 0,14 eV
found for gaseous Ne.’ It should be detectable with the experimental
resolution of about 0.05 eV at 18 eV. However, Webber EE_EL'B pre-
dicted a broadening of the lines in the solid and a halfwidth of the
order of 0.4 eV. Therefore we believe that the first line in solid Ne,
for which we found a halfwidth of 0.5 eV consists of the spin-orbit

partners broadened so much that the spectrum exhibits only one broad

peak.

As for the other rare gas solids one can tentatively ascribe the lines

to a Rydberg series, the energies of which are determined by En=EO-Bn_2.15
Using the n=2 and n=3 lines one obtains for the series limit EO=21.4 eV
and the binding energy B=4.3 eV. This value fits quite well into the
series of binding energies derived from measurements on the other rare

gas solids1™3: BAr=2'3 eV, B

energy of 4.3 eV is unusually large for Wannier excitons. Furthermore

Kr=l.4 eV and BXe=0'8 eV, However, a binding

in the case of Wannier excitons the line intensities!® should vary as

n~3 whereas we find a much stronger decrease. |

\
On the other hand one might discuss this part of the solid Ne spectrum
in terms of localized Frenkel-excitations. In Fig. | the vertical lines
indicate the positions of the gas absorption lines for the spin-orbit
split series 2p>vs and 2p>vs' (v>3) with series limits 21.56 eV and

21.7 eV respectively.8:? This figure shows a close relationship between



the line positions in gaseous and solid Ne. For example one can find

a correspondence between all pairs of spin-orbit split lines of the
gas and the lines of the solid. However,the lines in the solid are
shifted to higher energy as compared to the corresponding lines in the
gas. This blue shift decreases with increasing quantum number so that
the series limit of the gas and that of the solid calculated above
with the Rydberg formula (21.4 eV) lie close together. It is interest-—
ing to note, that the shift AE of the first line in Ne is | eV which
is much larger than the corresponding shifts in the other rare gas

solids (AEAr=O.48 eV, AEKr=O.22 eV, AEXe=O.02 eV).

We have applied both the Wannier and Frenkel picture in discussing the
observed excitations. Neither of the pictures seems to be sufficient,

so that we suggest the excitons in solid Ne to be of an intermediate

type.

Figure 2 shows the transmission I/I0 of solid Ne between 15 and 35 eV
as taken from films evaporated on thin Mg foils. The arrows indicate
the positions of the first two sharp maxima of the corresponding re-
flection Spectrum.a) As in the spectrum of Fig. | a series of well
resolved sharp minima converging to about 22 eV can be seen. The

first minimum at 17.4 eV is very broad and asymmetric. Above the
series limit additional structures were observed. Since no correspond-
ing atomic resonances are known in this region® we ascribe these
structures to interband transitions from the 2p valence band to the
conduction band. An exact interpretation of these structures will be
possible, when detailed energy band and density of states calculations

are available.
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Footnotes:
a) An additional broad maximum has been found between the first
two resonances in the corresponding reflection spectrum. This
effect is not yet understood, but could be due to a possible
hexagonal phase of Ne instead of the commonly adopted fce-

structure,



Figure captions

Fig. 1  Reflectance of solid Ne evaporated on a LiF plate or

a KC1 single crystal at 6° K (solid line). The vertical

lines indicate the spin orbit split series 2p-»vs, 2p+vs'

(v>3) with their limits Ly and Lig for gaseous Ne,®

I1

Fig. 2 Transmission of solid Ne films evaporated on Mg-films.
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