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Comment on “Electron Core-Hole Interaction and Its
Induced Ionic Structural Relaxation in Molecular
Systems under X-Ray Irradiation”

In a recent Letter [1] Ji er al. discuss the electron core-
hole interaction and its induced structural relaxation in
molecular systems under x-ray irradiation. They claim
that both intramolecular electronic and subsequent struc-
tural relaxation effects have to be taken into account when
explaining x-ray standing wave (XSW) data by density-
functional theory (DFT). In essence, they question that
XSW experiments with x-ray photoemission spectroscopy
(XPS) detection [2—5] determine initial-state nuclear co-
ordinates. They reinterpret recent experiments in a way
inconsistent with established knowledge about the photo-
emission (PES) process, in particular, the applicability of
the Born-Oppenheimer approximation. It is therefore im-
portant to comment on the shortcomings of Ref. [1].

(1) Photoemission process and its time scale.—The PES
intensity depends on the initial and final state electron
wave functions [6]. It is important to what extent this final
state can be influenced by electronic and nuclear relaxation
effects. For that reason time scales have to be considered,
which Ji et al. failed to discuss. The PES process as well as
the associated electronic relaxation typically take place on
a (sub-)fs time scale [6]. It is terminated by the subsequent
Auger decay which, e.g., for an O atom occurs 3.6 X
10715 s after photoexcitation as derived from lifetime
broadening. This is much faster than the nuclear motion,
which can be estimated, e.g., for 3,4,9,10-perylene-tetra-
carboxylic-dianhydride (PTCDA) by the frequency of the
C=O0 out-of-plane bending mode (400 cm™'). This mo-
tion takes ~10713 s, i.e., at least 20 times longer than the
PES process. Therefore, the Born-Oppenheimer approxi-
mation holds for PES and the XSW experiment.

Since the IFS (ionic final state, after electronic and
conformational relaxation) of Ji ef al. is an inappropriate
description for the PES process one may ask whether the
IIS (initial ionic state, only electronic relaxation) or even
the electronic initial state (EIS) model is more suited. The
truth lies in between: the intramolecular electronic relaxa-
tion is fast compared to the PES time scale while charge
transfer screening from the substrate is on the same time
scale. This can be nicely observed for PTCDA on Ag(111):
The monolayer XPS spectra show both an electronically
fully relaxed final state after charge transfer screening (IIS)
as well as a partly relaxed final state with only intramo-
lecular screening (between EIS and IIS) [7]. Thus, in the
context of the determination of nuclear coordinates by
XSW, it is clear that the fast electronic relaxation processes
proceed in the presence of unrelaxed nuclear coordinates.

(2) Inherent inconsistency.—The IIS values for chemical
shifts are in full agreement with experiment, whereas the
IFS values are significantly off, see [1]. Thus, even if the
approach of Ji et al. were appropriate, this should have led
the authors to conclude that only the IIS information is
contained in the measured PES intensity.
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(3) Computational approach.—It is well known that
DFT calculations have difficulties to describe dispersion
effects. Therefore, despite the success of DFT in other
areas, absolute statements on the binding geometry of these
systems [2—5] as made by Ji et al. are questionable, and the
suggested agreement for a certain (arbitrary) mix between
two scenarios (IIS/IFS) obviously does not prove that they
have properly taken into account the relevant effects.

The problems of the computational approach can also be
seen from two further statements of Ref. [1]. First, the
claimed formation of a direct chemical bond between
anhydride O and Ag atoms is clearly ruled out by published
spectroscopic results, especially by x-ray absorption data
[8]. Second, the result [1] that the hybridized lowest un-
occupied molecular orbital (LUMO) lies 0.3 eV above the
Fermi level, and hence is empty, is at variance with the
experimental result of UV PES which unambiguously finds
a new, mostly filled orbital below the Fermi level [8].

In summary, the conclusions by Ji ef al. are misleading,
since they are based on an inappropriate picture of the
photoemission process and an unsuitable computational
approach for the issue they are addressing. The geometries
derived from XSW experiments [2—5] hence correspond to
initial-state nuclear coordinates.
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