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(ULVAC MSQ-1000), a hemispherical electron energy analyzer
(VSW CLASS-100) and a sputter ion gun. Mp®ample was
prepared by oxidizing polycrystalline Mo foils at 70 in
atmosphere in furnace.

The XANES spectrum was recorded in total electron yield mode
(TEY) by measuring the sample drain current. The spectrum was
normalized by the photo-yield of a clean copper mesh located in
front of the sample. The desorbed ions were detected by a
quadrupole mass spectrometer operating in a pulse-counting mode.
The sample was biased at +40 V during the PSID measurements.

Sample charging effects have been ruled out during the
measurements of the Auger electron spectra by applying an electron
flood gun with constant electron energy.
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3. Results and discussion
3.1. XANES spectrum

XANES spectrum of solid Mo in the vicinity of the
molybdenum 2g, edge is presented in Fig. 1(A, bottom). As
observed that the desorption yield of @ns at the Mo 2p,- ¢, shown, the promin_ent featu_re in this spectrum is a doublet structure
resonance is higher than that at the Mg,2p t,, resonance. The labeled 1 and 2 with energies at 2523.9 and 2526.6eV respectively.
Auger decay spectra reveal that there exist two kinds of spectatofNe similar structure was also observed by Evedrad (1991) in the
Auger decays. The high desorption yield at thg,2p e, resonance smoothed second derivative of the Mg kdge for Mo@, and by
is interpreted by the fast breaking of the Mo-O bond due to theBareetal (1993) in the Mo |, edge XANES spectrum of dispersed

localization of the electrons in the highly antibondigg e MoQ; catalysis taken in fluorescence yield mode. In solid KoO
Mo atom is surrounded by an octahedron of O ligands. According to

a ligand-field approach, the molybdenum 4d orbitals split ipjo t
and g orbitals by the octahedral ligand-field of oxygen. So the
doublet structure in the XANES spectrum is attributed to the
1. Introduction resonant transitions from the Mo 2pground state to the lowest
It is well known that irradiation of x-rays on solid surface can unoccupied antibonding orbitalg(tit) and g(do’) respectively. It
induce various chemical changes such as decomposition ani$ known that the gorbitals have higher energy thag tinder
desorption. The inner-shell electron excitation by x-ray irradiation isoctahedral field. Thus the feature at 2523.9eV comes from the
primarily localized around the specific element or chemical bondtransition to they orbital, whereas the one at 2526.6eV comes from
being excited, owing to the localized nature of the inner-shellthe transition to gorbital
electrons. Some examples for specific chemical bond scission and
ion desorption induced by core-level excitation have been reporte®.2. Photon-energy dependence of ion desorption
for adsorbed molecules on solid surfaces (Baba et al, 1997). For According to the mass spectrum of ions desorbed from the solid
bulk material, such a specific chemical reaction by core-levelMoOs, the dominant ions desorbed from the sample surface were O
excitation has been scarcely reported, because the secondaigns.The photon-energy dependence of tHeyi®ld is shown in Fig.
electrons produced after Auger decay also induce non-specifid(B, top). It is observed that the desorption yield around the peak 2
reaction. (2526.6eV) is higher than that at peak 1, which is evidently reverse
In the present paper, photon-stimulated ion desorption (PSID) fronio the total electron yield.
bulk oxide following the specific inner-shell electron excitation is
investigated using monochromatized synchrotron radiation. Here, 1 2
we have chosen Moas a sample, because this material is of great Y
importance in catalysis, and also this material is known to be highly
volatile and its surface is sensitive to irradiation of UV light, X-rays,
electrons and ions (Werfat al, 1983). The mechanism of the
decomposition and ion desorption is discussed on the basis of the

Photon-stimulated ion desorption from solid Mofllowing the
Mo 2ps, resonant transition has been investigated. In the XANES
spectrum, Mo 2§, peak is split into two components corresponding
to the excitations from Mo 2p into the 5 and g orbitals. It was

Keywords: photon-stimulated ion desorption, XANES,
molybdenum oxides, Mo 2p ,, excitation.

photon-energy dependencies of the ion yields and electron yields
around the photon-energy of the Mos2fhreshold. For clarifying

the electron relaxation processes following the inner-shell electron
excitation, the Auger decay spectra after the excitation around the
Mo 2ps s threshold are also presented.

2. Experimental
The experiments were carried out at the BL-27A station of the

Intensity (arb. units)

Photon Factory in High Energy Accelerator Research Organizationgigyre 1

A double-crystal of the InSb(111) plane was used as apPhoton-energy dependence at Mg2gdge of : (A) total electron yield, and
monochromator. The energy resolution was 1.2 eV at M@ 2p (B) desorption yield of Oions.
edge.
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The apparatus has been described in detail elsewhere éBaba 3.3. Auger decay

al., 1995).Briefly, the ultra-high vacuum system (base pressure
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In order to understand the mechanism of ion desorption, it is
around ¥10® Pa) consisted of a quadrupole mass spectrometetesse“t'al to investigate the total de-excitation processes following
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the resonant core-level excitation. For low-Z elements, a resonanprocess. However, a remarkable difference observed in the present
Auger decay is the main primary de-excitation process other than xAuger electron spectra is that, there exists another three-peak
ray fluorescence. As for Mafsince the x-ray fluorescence yield is feature (labeled with A B, and G) appeared from the spectrum of
less than 5 % of the total de-excitation processes (Krause, 1979), tH2525.1eV (the first three-peak structure still exists at this energy).
dominant primary de-excitation channel following the Mo;2p Its intensity also increased with the photon energy, and reached its
excitation should be a resonant Auger decay. The electronic decaglimax near 2526.1eV. A similar kinetic energy shift toward higher
processes of molecules following the resonant photo-excitation fromenergy can be observed. This finding suggests that there exist two
core level to valence unoccupied orbital can happen via twokinds of spectator Auger decays in this energy region. We call the
principal Auger decay ways (Carson et al., 1988), i.e., the spectatdirst one (appearing at lower energy) as spectator | and the other as
Auger and the participator Auger transitions. These two kinds ofspectator 1l. The normal Auger line apparently begins to appear
Auger processes can be distinguished by the different kinetic energfrom the spectrum around 2528.1eV, and its kinetic energy is almost
in the Auger electron spectrBhe participator Auger process results constant. Comparing these Auger decay spectra with the XANES
in a final electronic configuration of a one-hole state, which is (Fig. 1A), it is easy to find that the spectator | process is responsible
similar to the direct photoemission process. Therefore, if thefor the peak 1 of the XANES and the spectator Il process is mainly
participator Auger is significant, the relative intensity of the for the peak 2.
corresponding photoelectron peak will be changed dramatically as
compared with those in the normal photoemission spectra (Chen, 6 4. Mechanism of ion desorption
al. 1996). However, the intensities of any photoelectron peaks were It is extensively accepted theite ion desorption following core-
scarcely changed following the Mo 2pexcitation, therefore this  level excitation can be mostly interpreted in terms of the KF model,
process is negligible in the present case. In contrast, the spectatoamely Auger-initiated desorption (Knotek et al. 1978). This is
Auger transition should appear around the corresponding normaleliable especially for most multilayered adsorbate and bulk
Auger position but there exists slightly shifted kinetic energies. materials.In this model, the Auger decay following core excitation
The resonant Auger decay spectra around the M, #M,s leads to a multi-hole final state. Then ion desorption occurs as a
region at various photon energies are shown in Fig. 2. The numbdiesult of the Coulomb repulsion of the highly charged species on the
indicated in each spectrum corresponds to the photon energy usédirface. In this case, the photon-energy dependence of the ion yield
for the excitation. It is obvious that the MaNL,sM,s spectator ~ would be roughly similar to the x-ray absorption spectrum. Since
Auger process is the predominant decay channel at resonandbere exists obvious dissimilarity between the TEY spectrum and
region. A three-peak feature (labeled with A, B and C) appearedhe O PSID spectrum, it is suggested that there exist other
from the spectrum of 2520.9eV excitation. The intensity of this processes for D desorption. The significance of the spectator
feature increased with the photon energy and reached its maximui@lectron on ionic desorption has been proposed by Ramarker (1983)
around 2523.9eV. These peaks have been assigned as the spect&od demonstrated by other authors (Baba et al, 1996). Generally, the
Auger transitions (Sasaki, et al. 1994). 2-holes and 1-electron final state following the resonant core-level
excitation is more effective for ion desorption than the 2-hole state
originating from the normal Auger decay. On the basis of the
,;:‘:’ W 2535.5 analysis of Auger electron spectra, the transitions from the Mg 2p
W to g and g are primarily followed by the spectator | and Il Auger
. X - decay processes, respectively. The important point is that the
o %@t”;‘ﬁ' M§5 excited electrons in thegtand g orbitals remain in these states
L g~ -0 during the Auger decay, and these electrons are localized in the

Q)

o respective orbitals.

M N‘W“@ 25281 Itis known that the,state is mainly composed oxg i, and d,

A]p’ K w orbitals and it hast-like character. While the, e state is composed
L " ;., of d2 and g2 2 orbitals witho'-like character. It is considered that

the existence of electron in the antibondimgstate would induce

highly repulsive state compared with that in thestate. We
consider that such highly repulsive state after Mg 2jg excitation
results in the fast bond breaking so that the ions leave the surface
quickly enough before neutralization. We consider that this is the
reason why the desorption yield at the Mq,,2pe resonance is
higher than that at the Mo 2p-t,, one which is reverse to the
electron yield. The measurements on the PSID and Auger decay
spectra at the other absorption edges are now in progress to
elucidate this speculation more clearly.

For multilayered adsorbate and bulk materials, it has been
generally accepted that ion desorption by core excitation does not
necessarily originate from the localized excitation on or near the
Kinetic energy (eV) desorbing atom but rather from a delocalized excitation with a long-
range indirect processes such as secondary-electron-induced
process. However, our results show that even for bulk material like
MoQO;, the chemical bond breaking is induced not only by the
secondary electron effect, but also by the specific direct core-to-
valence excitation process. This result will shed light on the site-
3falective fragmentation in the other bulk materials.
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Figure 2
Auger decay spectra for Mg@xcited by various photon energies around
the Mo 2p,edge.

The linear kinetic energy dispersion with the incident photon
energy was considered to be as a result of the bandlike structure
the unoccupied orbitals in solids and the Auger resonance Raman
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