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NEXAFS multiple Scattering calculations free anion case, while in the Ly compounds the molecular
of KO 2 distance was found only slightly distorted.
The pure form of potassium oxides presents more difficulties to be
prepared than cesium compounds. In the literature the potassium

M. Pedio? Z. Y. Wu"’, M. Benfatto °, A. Mascaraque °, oxides has been characterized by UPS and XPS (Jupille et al., 1992)

E. Michel ¢, C. Crotti “, M. Peloi*, C. Comicioli *' spectroscopies. Jupille and coworkers have showed that a mixture of
022 and Q molecular species is formed by exposure to oxygen of a

*ISM-CNR, Trieste, Italy K thin film.

’INFN - LNF, P.O. BOX 13, 00044 - Frascati, Italy

‘Universidad Autonoma de Madrid, Spain 2. Experimental

HIMA./_'CNR Trieste, Italy 3 ' ' We have performed X-ray photoemission (XPS) and near-edge X-

? Beijing Synchrotron Radiation Facility, Institute of High Energy  ray absorption fine structure (NEXAFS) measurements at the VUV

Physics, Chinese Academy of Sciences, beam line at ELETTRA (Trieste, Italy) in the Total Yield electron

P.O. Box 918, Beijing 100039, P.R. China. mode of detection, at 120 K. Figure 1 shows the O K-edge

experimental NEXAFS for the co-deposited system Ke@mpared

. S . . ith a CsQ spectrum (Pedio et al. 1993).
Since many years the OX|dat|on_ of alkali _metals has being attracygéjotassium was evaporated from accurately out gassed SAES
much interest due to the catalytic properties of metal promoters

. . . v r chrom r n lean r i1 r
the simple electronic structure of alkali atoms. The alkali-oxides ph ter chromate sources onto a clean substrate (Si(100) o

diagram indicates that the interaction of oxygen with alkali metals Cg{cﬁyc_rystallln_e Cu) held at a te_mperatlgiaZOK. _The thickness of
lead to the f " £ diff t atomiao d molecular C alkali metal films has been calibrated by the time of exposure and
ead to the formation of different atomic' G@ns and molecular O o 2p core levels. In order to grow the potassium oxides two

and Q” ions. Potassium superoxide has been prepiaresitu and different procedures have been used (Asensio et al., 1987): in the
high resolution O k-edge absorption NEXAFS spectra have befirst different exposures of (Jadmitted through a leak valve) have
measured at the VUV beam-line at ELETTRA facility. Theheen performed on a K polycrystalline film, whose thickness was
experimental data have been analyzed by multiple scattering approgigbve 40A. In the second procedure the compound has been grown
deriving many geometrical and electronic details. In particular, we sity, directly on the clean substrates or on the K film by means of
have found that the growth material structure is of the, Qe with K deposition in oxygen atmospherg, p 5 105 mbar. This

an O-O distance of about 1.35A and that the transition involving
single Tt molecular empty state of the superoxidg @ion has a fine
structure. Multiple Scattering self consistent calculation indicates that
the bond between oxygen anion and K atom is totally ionic and that
the fine structure is essentially due to solid state effects. INEXAFS' .

Keywords: X-ray Absorption, oxides, molecular states.

2. Introduction

The interest in the oxygen interaction with simple systems is related

to the understanding of the early stages of molecular dissociation

and in particular of the oxidation processes, for example of surfaces.

The study of these compounds makes possible to follow the

distortion of the oxygen molecule anions and the changes in

molecular anion embedded in solid matrices. The amount and the

nature of different ionic species is essentially controlled by the

deposition procedurdupille et al., 1992; Asensio et al., 1987).
NEXAFS is a powerful technique to investigating the nature of the r : T

electronic empty states above the Fermi energy projected on the r . co-deposited K+Q

absorbing site. The experimental spectra contain much information

both of geometrical and electronic type and their interpretation is e

based mainly on multiple-scattering (MS) theory in the framework L

of one-electron approach. On this basis many structural analysis of F

bulk (Benfatto et al., 1986) as well chemisorbed and gas systems [

(Wurth et al., 1990) have been performed in the last years. 525 530 535 540 545 550 555 560
There is no agreement in the literature on the amount of

perturbation of the molecularz'CDeveIs by the environment in alkali Photon Energy (eV)

metal superoxides, in particular for what concerns the O-O distance.

Recently NEXAFS measurements and multiple scatteringFigure 1 , _
calculations have been performed providing structural details orf -€dge of the co-deposited system k-gken at VUV Beam line and the
cesium-oxides compounds. The O-O distance is distorted in Cesiuf K-¢dge of Cs@(Pedio et al. 1993) for comparison

oxides with respect to the free ions distances (Ruckman et al., 19913. . )

In the molecular anion Cs@ase (Pedio et al., 1993 and 1994) the rocedure of growth leads to the formation of K®the first layer.

0-O distance in the results to be 1.40 + 0.05 A face to 1.30 A of thé Subsequent annealing at 400K was performed in order to get a
- pure superoxide thin film. No differences in the experimental data

have been detected using the different substrates. The experimental
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spectra have been normalized to theclrrent,

measured with the data by a copper mesh.

simultaneously

with respect to the distance in the free anion (1.30 A) but at a lower
value than in CsQcase. These results are essentially independent
from the details of the SCF procedures used in the potential
generation.
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Figure 2

O K-edge of the co-deposited system k-&@d SCF-MS simulation
performed on a cluster of K@nodel, 83 atoms, and the O-O distance as
parameter.

3. Results and discussion
Theoretical NEXAFS calculations at the O K-edge have been
performed to analyze the structure of the potassium-superoxide. The
cluster was build following the structure of distorted £afth the
following lattice constants a= 4.03A and ¢=6.69A. The simulations
were performed using the programs developed by the theory group
of the Frascati laboratories using the muffin-tin approximation for
the shape of the potential. Self Consistent Field (SCF) charge
densities are used to describe the charge relaxation in the final state
potential around the core-hole. Details on the calculation will be
described in a forthcoming paper.

The comparison between experimental data and several theoretical
calculations are shown in figure 2. The theoretical spectra are
obtained by varying the O-O distance in the central oxygen
molecule conserving the K@rystal structure (our cluster is formed
by 83 atoms). The different O-O distances used in the simulation are
reported in the figure. Our calculations are in good agreement with
the experimental data and it is also able to reproduce the transition
to theTt empty state of oxygen anions, the so caitecesonance,
which is typically located below the vacuum level, just below the
rising edge. A detailed analysis of the polarization dependence of
the theoretical spectra shows a xy character of this resonance
confirming its assignment toratype of resonance. Our results show
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that in the film grown by co-deposition, the structure of the iy rit of ther resonance region in the O K-edge NEXAFS spectrum. The

potassium superoxide dominates. The best accordance with thgo |orentzian are separated by about 0.5 eV. (b) SCF-MS calculation in the
experimental spectrum is achieved for an O-O distance of 1.34Agresonance region by using different number of atoms using clusters,of KO
particularly for what concerns the energy separation between the geometrical type, increasing the distance from the central oxygen atom.

and the other features. The O-O distance results slightly distorted
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It is possible to conclude, as expected, that the system hh@é K

structure with a complete ionic character of the bonds between
potassium and oxygen molecule. Different interpretations done on
the basis of other structure models or different charge transfer from
K atom to oxygen anions can be excluded.

A detailed analysis of theresonance is reported in Fig. 3. A fine
structure of the transition involving the single molecular empty state
of the superoxide Panion has been found experimentally (fig 3a).

A fit of the tresonance region in the O K-edge NEXAFS spectrum
can be achieved by two lorentzian functions separated by about 0.5
eV. Figure 3b shows detailed SCF-MS calculations in the
resonance energy region performed by using clusters with different
number of atoms around the absorber. The energy resolution is 0.12
eV. This calculation highlights the structural origin of the splitting
of the 1t resonance essentially due to the scattering paths among
other molecular anions. These results show a solid state effects
never measured before on oxygen anion molecular state.
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