VOLUME 83, NUMBER 17

PHYSICAL REVIEW LETTERS

25 OCTOBER 1999

Comment on “Core Level Shiftsin Metallic Alloys’

Recently Faulkner, Wang, and Stocks (FWS) [1] gave
results for the core level eigenvalues of substitutional
aloys obtained from first-principles calculations. These
results confirmed the existence and order of magnitude
of site dependent fluctuations of core potentials observed
previously for disordered CuPd using x-ray photoelectron
spectroscopy (XPS) [2]. FWS compared their results
with those of a “potential model” (PM), similar to that
used to interpret the XPS results [2], and concluded that
PM’s are unreliable. We argue that the analysis of FWS
was incomplete, and that their conclusions concerning the
efficacy of PM’s are overstated and misleading.

We consider first the distribution of potentials for a
given disordered alloy. Following FWS, we adopt the
muffin-tin approximation and assume equal sized Wigner-
Seitz atomic cells. Within these assumptions the sample
charge model proposed by Magri, Wei, and Zunger (MWZ)
[3] (and used in Ref. [2] to construct site potentials) should
give the “correct” distribution of Madelung potentials, and
this has been demonstrated [4]. To get the total core po-
tential one has to make an assumption about the intra-
atomic contribution since the MWZ model gives the site
charges but says nothing about the distribution of charge
in each atomic cell. In Ref. [2] we assumed the excess
charge on each site resides in a spherical shell with ra-
dius r.s egqual to half the bond length. Thisis a simple
plausible assumption but not necessarily the optimum one.
FWS make the same assumption and find poor agreement
between the distribution of potentials given by their PM
and the distribution of calculated core level eigenvalues.
For CuysZny s these quantities were found to be linearly
correlated but with gradient 0.55 rather than unity. How-
ever, the Madelung and intra-atomic potentials in the PM
both scale linearly with the nearest neighbor composition
but with opposite sign, and so a small refinement of reg
can significantly reduce the distribution of site potentials.
Thus the PM is not inherently inconsistent with the first-
principles results, rather itsintra-atomic contribution is not
implicitly calibrated. In Ref. [2] we did not “fine-tune”
reee (CONtrary to the assertion madein Ref. [1]), but charge
densities from first-principles calculations offer in prin-
ciple a systematic means of determining it.

A much more serious problem is that the FWS results
indicate that the core eigenvalues for Cu sitesin Cu, Pd; —,
are broadened by 0.05 eV by disorder while experiment
shows a broadening of =0.26 €V [2]. (The simple PM
of Ref.[2] gives a core level broadening of 0.5 eV).
Accounting for the possible presence of short range order
in the specimens studied would worsen the comparison
between experiment and the first-principles results. FWS
concede that this poor result for CuPd may be due to the
neglect of lattice relaxation. Extended x-ray-absorption
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fine structure results [5] show significant local relaxations
in Cu-Pd and that the Cu-Pd distance is independent of
composition contrary to the assumptions made in Ref. [1].

Turning now to site-averaged core level shifts with al-
loy composition, FWS found no systematic correlation
between the average core eigenvalue shifts and the aver-
age PM shifts. However it is widely appreciated, though
overlooked by FWS, that differencesin Fermi levels con-
tribute to core level shifts referenced to the “crystal zero”
[6]. Of course this contribution cancels when comparing
eigenvalue shifts and experimental binding energy shifts
when both are referenced to the Fermi level, but must
be included for a comparison with PM calculations. We
note that good agreement is obtained between experimen-
tal core level shifts and PM shifts for CuPd systems when
Fermi level shifts are included in the analysis [2,7] and
contributions from the XPS final state are small.

In conclusion, we maintain that while it is wrong to
always interpret core level shifts in terms of a simple
potential model of charge transfer, it is not necessary to
disregard models completely. Indeed, the recent wave
of interest in Madelung effects in disordered aloys was
stimulated by the results of MWZ. Clearly simple
empirical models are not substitute for first-principles
calculations, but much physical insight can be gained
by carefully comparing experimental data, first-principles
calculations, and model calculations.
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