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The reflectivity of solid SFg has been measured in the
energy range of 10 to 30 eV, the absorption of solid SFg
between 170 and 300 eV. For comparative purposes the ab-
sorption spectrum of the free molecule has also been ob-
tained in the same energy range. The experimental results
strongly support the coricept of an cffective poteniial
barrier around the central S atom, as recently developed

by Dehmer.
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I. INTRODUCTION

From many points of view SF_ is a very intercsting molecular gas @nd its
electronic structure as well as the different electronic transiticns within
the molecule have been investigated by several methods. Photoclectron »?
photoionization®s" and inelastic electron scattering measurements have been
performed. In the latter case® the photoabsorpticen curve has been deduced
from the loss function. Several authors have carried out direct optical
measuremcnts. CodHng6 observed a vibrational progression and weak Rydberg
series and measured the absolute photoabsorption cross section for 3 ener-
gies above the first ionization limit in the energy range 20.6 to 26,11 eV
where valence shell excitations occur. Similar results have been obtained
by Sasanuma et al.’. The S K{ls) spectrum (2450 eV tco 2900 eV) has been
studied by LaVilla and Deslattes®, the T K(Is) spectrum (680 eV to 760 eV)
by Zimkina and Vinogradov®. Zimkina and Fomichev'® observed strong ab—
sorption lines in the LII,III(ZP) spectrunt of § (170 eV to 300 eV) No Ryd-
berg stvucture has been observed in these inner shell transition spectra;
only recently did Nakamura et al.'! detcct weak Rydberg series between the

strong absorption lines of the § L (2p) spectrum.

II,IIX
Molecular orbital calculations have been performed by Gianturco ct al.'?

and by Commolly aund Johnson'?.

To obtain additional information on the nature of the clectronic structure
of SF. woe have performed optical measurements on solid S¥_. Comparison of
the optical spectra of materials in the gaseous and colid state in the san:
energy region allows us te obtain informaticu on the localit, or non—

locality of transitions.



IT. EXPERIMENTAL SETUP

The experiments were performed using the synchirctron radiation of the

S

7.5 GeV electron synchrotron DESY 15,

In the long wuvelength region up to 30 eV (in the following referied to as
the VUV spectrum) the measurement of solid SF. was perforued by reflection
since the substrate problem for absovption measurements is severe in this

energy range. The reflectivity measurements were made inun ultra-high

6

vacuum reflectometer'® attached to a normal incidence monochromator in a

modified Wadsworth mount!’. The wavelength resolution was 2 ® over the

whole encrpy range. The experimental setup and procedures were the same

18

as those used for the study of solid rare gases °, The gas absorption

measurements were made in another instrument of similar design'® achicving

a wavelength resolution of 1 .

In the short wavelength region between 170 and 300 eV (in the following

referred to as the XUV spectrum) the abserpticon measurements were made with
a grazing incidence spectrometer yielding a wavelength resolution of 0.1 a.
The ewperimental arrangemnnt aad procedure werc the same as those used for

cimilar measurcments on atomic aud rolid rave gases??®,



IIT. RESULTS AND DEGCUSSION

Figurcs 1 and 2 show the experimental results. fn Fig. 1 wo see the rusueliis
for the VUV region. The gas absorption data are compared witvh data fron

. 5 . . . .
Simpson et al.” obtained by conversicen of their eclectron encrgy loss dota,

. . . . . . G
and also with 3 experimental data points obtained by Codling .

The long wavelengths VUV reflection spoctrum of solid SF . shows three main
peaks at 16.7, 19,6 and 23.0 eV. A rcduction of the reflection to a €, curve
was not performed, because the usual rule for rellectivity values up to

20 % shows, that the main character of the spectra recmains unchanged allbough
the peaks may be slightly changed in the €, curve as repards energy pouvition
and oscillator strength. Although the absolute reflectivity (never excecding
10 %) changed with different experimcntal conditions (ec.g. evaporation spced)

the general shope of the speclrum remained unchanged.

We would like to emphasize that the two VUV spectra of gsseous and solid SFG
are remarkably different; in the region between 10 and 16 ¢V where pronounced
fine structurc in the gas csn be seen, we only find a rather smooth increase
of the reflectivity in the solid. In the range botween 16 ¢V oand 30 oV the

spectra of the ges and the solid seon Lo have scme similarity.

The situation 1. compleiely dilfferent in the XUV revion (Fig. 2). Heve the
abgorption spectre of gascous and aolid s¥, are cqual within the expevinental
ervors. Bolh upectra ave in good accordsznce with the data from Zimkinne and

R - 10 ] . - X . . 4 e T
Fomtcenhev s o only the cueriy Nosetions or the absorption manana are ity

difrorent for o e wrasesoaas




Our experimental results are in excellent agreement with recent thecretical
considerations made by Dehmer®!., The valence states are formed from atomic
S 3s and 3p and F 2p states. The four sutermost molecular orbitals occupiad
in the ground state are entirely formed frem atomic ¥ states., As the F7 icus
are in the outer part of the mnlecule they are affected by the next neigh-
bours in the solid, even though the binding is essentially the weak van der
Waals binding force. Thus it can ecasily be explained that the molecular and
solid state VUV specctra are quite diffcrent as regards excitations [rom thece

outermcst orbitals.

This is no longer true for the cother occupied valence crbitals foriced from
atomic § and F states. The bands observed around 23 eV in beth the vapour
and the solid stale may have the same origin. One may tentatively assign
them to transitions from the molecuiar orbitals formed both from the 5 3s,
- : (6)
3p and F 2p atomic states (ét] . g
u

in Ref. 21). As regards the excitations from the S 1

, sce e.g. the correlation diagram

? ‘Hhitalsg
’li,ljﬂ(”P) orbitals

(Fig. 2) all the transitions take place between rathcr locallized suates

within the effective potential barvier formed by the surrcunding ¥ lons.

They are, therefore, hardly affccted by the chemical surroundirgs in the

solid. The interpretation of the strong absorption linces in the muwleculs

. 21 1 . . - LA}
given by Dehmer”’ may be transferred to the solid state spectra in a straizb

forward manncr. The doublet structuyre at 173.4 el

trapsition ?tlu*éa]?, the doublet at about 184 eV o Etlwﬁzt“" and the peak
[$3 L S Lk

2t 196.5 oV to 2t =4e . AlL final states are inner~wcell states i.e. resos

lu i
Aanees vithin the porentiel well arcund the coatral § atem uucleus. Thus thie

Jdentity of the gascous end solid arate sprolra 15 ensiny explaincd.
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Absorpticn of gaseous SF, and reflectance of solid SV,

in the VUV region. Dits obtaincd by Simpson et al.”’

and Codling® arc given for cowparison.

Absorption spectra of gaseous aud solid SF in the XUV

7

region. The absorption spectiuvm of gascous SUg obtainaed

10

by Zzimkina and Fomichev™ is given for comparison.
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