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into its lowest unoccupied level in the atomic calculation. This is 
equivalent to the frequently used "Z+ 1" approximation. 

Another muffin-tin potential was obtained from a selfconsistent 
molecular calculation for a cluster of 27 atoms (Ag1908). Cluster 
of this size ought to describe bulk properties of crystalline Ag20 
with a sufficient accuracy (Wu et al 1993, Soldatov et al 1995). 
The Xc~ multiple-scattering calculation of molecular orbitals was 
done using an adapted XASCF program of Cook & Case (1980). 
The main change in the original XASCF program was necessitated 
by the fact that managing a cluster as large as 27 atoms required 
to substitute search for zeros of secular determinant with finding 
its zero eigenvalues in procedures for finding one-electron ener- 
gies (Case & Yang 1980). The influence of the core hole was taken 
into account by keeping one core electron in the valence region 
while performing a selfconsistent calculation (screened and relaxed 
model). 

Real-space multiple-scattering analysis of Ag L~ and L3 edge 
XANES spectra of Ag20 was performed. The experiment is re- 
produced with sufficient accuracy provided that the scattering po- 
tential is taken from a selfconsistent molecular calculation. A non- 
selfconsistent potential produces a fairly accurate reproduction of 
the experiment as well, however, those results are a bit ambiguous 
to interpret close to the L3 edge. The L1 edge spectrum is much 
less sensitive both to the way of constructing the scattering poten- 
tial and to presence or absence of the core hole than the L3 edge. At 
least fifteen atoms are needed to reproduce the main peaks at the Lx 
edge while just three atoms are enough to reproduce the appearance 
of the dominant structure of the L3 edge. 

Keywords: Ag20; real-space multiple-scattering method; 
selfconsistent potential; core hole effect; silver borate 
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1. Introduction 

X-ray absorption near-edge structure (XANES) spectroscopy can 
in principle yield both structural and chemical information. The 
chemical information about Ag20 is interesting mainly because it 
has the same structure as its isoelectronic analogue Cu20, with ob- 
vious links to high temperature superconductors. The structural in- 
formation may be utilized e.g. in studying the local coordination of 
silver atoms in fast ion conducting glasses of the type AgI-Ag20- 
B203. Czy~yk et al (1989) compared Ag L edge spectra with den- 
sities of states (DOS) projected onto the Ag site. Their work dealt 
mainly with the chemical content of XANES. 

In this study, we concentrate on the structural aspect of XANES 
spectra of Ag20. We calculate Ag L1 and L3 edge spectra using 
the real-space multiple-scattering (RS-MS) method. Results ob- 
tained for various scattering potentials are compared. Finally, we 
study the effect of size of the cluster on particular spectral peaks. 

2. Methods 

The XANES measurements were performed in the transmission 
mode at the PWA wiggler source in ADONE (Frascati - Italy) (see 
CzyZyk et al (1989) for details). The real-space multiple-scattering 
calculations were performed using an amended ICXANES code of 
Vvedensky et al (1986). A non-selfconsistent muffin-tin potential 
was constructed using the prescription of Mattheiss (superposition 
of potentials of isolated atoms). The effect of the core hole was 
simulated by putting the core electron of the absorbing Ag atom 

3. Results and discussion 
In Fig. 1 and Fig. 2, we present experimental L1 and L3 spectra to- 
gether with theoretical curves obtained for both selfconsistent and 
non-selfconsistent potentials, either with or without a core hole. By 
calculating the 2p --4 s and 2p ~ d matrix elements, we found that 
in the L3 spectrum, the d states dominate over 8 states by an order 
of magnitude. Hence, L2,3 spectra of Ag20 reflect nearly pure d 
states DOS. 

Solid thick lines in Fig. 1 and Fig. 2 represent theoretical spec- 
tra convoluted with lorentzian curves to account for finite core hole 
lifetimes, as compiled by AI Shamma et al (1992). Original "raw" 
theoretical data are shown with thin dashed lines as well. Those 
curves include also occupied states lying just above the muffin-tin 
zero but bellow the chemical potential. 

The chemical potential - -  the threshold of the absorption edge 
- -  was chosen by convenience so that it coincides with a dip of 
the raw L3 spectrum (mimic'king thus the semiconducting gap). 
As the chemical potential can be estimated only with a precision 
of few electronvolts without performing the band-structure calcu- 
lation, such a fitting is justified within the current computational 
scheme (Mustre de Leon et al 1991, Ankudinov et al 1998). 

At the Ag L1 edge (Fig. 1), there are no really striking differ- 
ences between results obtained for a selfconsistent and for a,o, gn- 
selfconsistent potential. The energy separation between the peaks 
marked A and B in the plot is smaller for the selfconsistent poten- 
tial than for the non-selfconsistent one - -  the experimental distance 
falls in the middle. The non-selfconsistent potential provides lower 
intensity of the peak B than of the C peak, contrary to the exper- 
iment. Using selfconsistent potential corrects for this deficiency. 
The effect of the core hole is almost negligible at the Lx edge. 

The Ag L3 edge (Fig. 2) offers more details to compare. The 
selfconsistent potential performs significantly better than the non- 
selfcohsistent one. This applies especially to peaks B and C: Al- 
though these two peaks can be recognized in the spectra generated 
by the non-selfconsistent potential, their positions and relative in- 
tensities are not sufficiently accurate to allow for a unambiguous 
identification. Even in the case of the selfconsistent potential, the 
peak B is too small and remains barely visible after the smearing 
(similarly as peak A at the L1 edge - -  cf. Fig. 1). 

The core hole changes the height of the white line A at the L3 
edge dramatically while it leaves the L1 spectrum intact. The fact 
that core hole effects d states much more than p states was ob- 
served also for Cu20 (Grioni et al 1992) and for transition metals 
(Tamura et al 1995). In our case the core hole decreases the L3 
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": F igure  1 
Experimental and theoretical XANES spectra of Ag20 at the Ag L1 
edge. The theoretical spectra are presented for four different types of 
scattering potential (a non-selfconsistent Mattheiss potential and a self- 
consistent potential of a 27-atoms molecular cluster, both with and with- 
out a core hole). Thick solid lines are theoretical results smeared by 
lorentzian curve of FWHM equal to core hole lifetime broadening (4.88 
eV), thin dashed lines represent raw calculated spectra. 

white line. For a selfconsistent potential, this improves the agree- 
ment with the experiment, while for a non-selfconsistent potential 
the decrease in white line intensity is too large. We can recall that 
in semiconducting Cu20 the inclusion of the core hole increases 
the white line intensity (Grioni et al 1992), contrary to transition 
metals where it decreases the L3 white line (Tamura et al 1995). 
Hence one could suggest that the fully relaxed and screened model 
applied in this study overestimates the screening in the case of a 
non-selfconsistent potential, being suitable rather to metals than to 
semiconductors. On the other hand, unscreened and/or unrelaxed 
non-selfconsistent core hole potentials performed badly at K edge 
spectra of chalcogenide semiconductors (Sipr et at 1997). It seems 
therefore that simple ways of incorporating a core hole may not 
work universally in cases when large core hole effects are expected. 

The dependence of the calculated XANES spectra on the in- 
creasing size of the cluster is shown in Fig. 3 for the Lz edge and 
in Fig. 4 for the L3 edge. Information of this kind is valuable for 

Figure 2 
Experime~al and theoretical XANES spectra of Ag20 at the Ag L3 
edge. The theoretical spectra are presented for four different types of 
scattering potential (a non-selfconsistent Mattheiss potential and a self- 
consistent potential of a 27-atoms molecular cluster, both with and with- 
out a core hole). Thick solid lines are theoretical results smeared by 
lorentzian curve of FWHM equal to core hole lifetime broadening (2.40 
eV), thin dashed lines represent raw calculated spectra. 

possible applications of XANES in structural analysis. In particu- 
lar it was found by Dalba et al (1986) that Ag L1 spectra of silver 
borate glasses Ag20-nB203 differ substantially from L1 spectrum 
of crystalline Ag20, while the L3 edges of Ag20.nB203 and of 
Ag20 are quite similar to each other (apart from an obvious smear- 
ing of details). Fig. 4 reveals that the basic shape of the L3 edge of 
Ag20 is determined just by the central Ag atom and its two nearest 
oxygens. On the other hand, the underlying structure of the L1 edge 
gets revealed only if at least 15 atoms are taken into account (see 
Fig. 3). Hence on the basis of this comparative XANES analysis 
of Ag20, we can suggest that in silver borate glasses only the first 
coordination shell of Ag is more or less the same as in crystalline 
Ag20, while the more distant coordinations differ significantly. 
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Figure 3 
Theoretical Ag L1 edge spectra of Ag20  for increasing cluster sizes. 
A selfconsistent potential without a core hole was used. To preserve 
more details of the calculated spectra, each curve was smeared by a 
lorentzian of FWHM equal only to a half of the respective core hole 
lifetime broadening, i.e. 2.44 eV.  
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