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We report results of electron spectroscopic measurements, i.e., LEED, EELS, ARUPS, XPS, and NEXAFS on NO, and NO, 

adsorbed on a thin Cr,O, film with (111) orientation grown on top of a CrfllO) single-crystal surface via an oxidation procedure. It 

is shown that the Cr,O,(lll) surface is likely to consist of Cr-terminated and O-terminated terraces and that the Cr-atoms located 

within the oxide surface are in oxidation states different from the bulk. Our results indicate that these sites are involved in the 

dissociation of NO, at rather low temperature to yield adsorbed NO and adsorbed oxygen. 

1. Introduction 

Reports on surface science studies on adsorp- 
tion on oxide surfaces have been rather scarce. 
This is particularly true for thin ordered oxide 
overlayers on metallic substrates [ll. To be able 
to apply the standard electron spectroscopic tech- 
niques of surface science we have chosen such 
substrates for our adsorbate studies. 

Recently we have reported on adsorption of 
NO on a NiO(100) film, whose structure had 
been determined via LEED and STM. One inter- 
esting finding was that out of a group of four 
molecules NO, CO, NO, and CO, only NO would 
adsorb onto the surface. We were able to explain 
this behaviour on the basis of cluster calulations 
[2-41. 

In the present study we report on the adsorp- 
tion and reaction of NO and NO, with a 
Cr,O,(lll) surface grown on top of a Cr(ll0) 
single-crystal surface. We show mainly via EELS 
that this surface contains Cr atoms with oxidation 
states (close to Cr’+) different from bulk Cr,O, 
(close to Cr”+). It appears that these states are 
primarily involved in the low-temperature dissoci- 
ation of NO, observed on these surface. The 
dissociation product NO is detected on the sur- 
face. 

2. Experimental 

The experiments were performed in four ultra- 
high vacuum systems. All systems contain facili- 
ties for LEED, AES and residual gas analysis 
with a quadrupole mass spectrometer. The EEL- 
spectra were recorded with a resolution of 
200 meV for electronic excitation and 20 meV for 
vibration. ARUPS- and NEXAFS measurements 
were carried out with double-axis goniometers 
carrying electron energy analysers rotatable in 
two orthogonal planes with electron acceptance 
angles of 2 o using light from the TGM-2 and 
HETGM-2 beamlines at the BESSY synchrotron 
radiation center in Berlin. The resolution was 
typically 100 meV. The XPS measurements were 
carried out on a modified Leybold XPS system 
equipped with a EAll analyser and multi-chan- 
nel detection. Radiation from a standard X-ray 
source with AlKa anode is monochromatized 
using a 0.5 m Rowland set up. The base pressure 
in all system was below 2 X lO_“’ Torr. 

The Cr,O, oxide films were grown according 
to the well-known procedure described in refs. 
[5-71 on a Cr(ll0) single-crystal substrate, pre- 
pared and cleaned by prolonged sputtering at 
T = 800 o C, until it displayed a contaminant free, 
well-ordered (1 X 1) surface. There is general 
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agreement that the oxide film is a well-ordered, 
(11 l)-oriented oxide surface [5,6,8]. After out- 
gassing by flashing the crystal to 800” C and 
subsequent cooling to 105 K the surface was 
exposed to NO and NOZ, respectively. 

3. Results and discussion 

3.1. The Cr,0,~1ll)/Cr~llO) surface 

Fig. 1 shows a LEED pattern of the thin oxide 
film, which exhibits a hFxagona1 mesh with a 
lattice constant of 2.88 A. The spots are more 
diffuse than the substrate spots, indicating a no- 
ticeable defect density in the oxide surface. How- 
ever, as is clearly revealed by the LEED pattern, 
higher-order spots are very well visible indicating 
that there is long-range order within this oxide 
layer. The formation of such an oxide layer, to- 

gether with its LEED pattern has been reported 
before and the earlier results are in perfect 
agreement with our findings [6,7]. Previous work- 
ers had already assumed that the structure of the 
surface is very similar to a bulk-terminated 
Cr,O,(lll) surface [5,6,8]. Of course, the (ill)- 

surface may either be oxygen- or chromium- 
terminated as is obvious from fig. 2a, where a 

projection of the bulk Cr,O, crystal structure as 
determined via X-ray crystallography [6,7] onto a 

plane containing the crystallographic c-axis is 
shown. The oxygen positions as well as the 
chromium positions are shown. An oxygen- 

terminated surface, as viewed along the c-axis, is 
shown in fig. 2b, and a chromium-terminated sur- 
face viewed along the same axis is shown in fig. 
2c. Note that the given structures are bulk termi- 
nated structures which means that at the surface 
one expects two different, i.c., chemically inequiv- 
alent Cr sites marked as Cr, and Crz in fig. 2a. 
These two chromium atoms only become inequiv- 
alent via the presence of the surface. Within the 
bulk all Cr atoms are equivalent and sit within a 

distorted octahedron or antiprism where one tri- 
angle of oxygen atoms is larger than the other 
one. This may also be recognized in fig. 2b. where 

the oxygen-terminated surface consists of small 
and large oxygen triangles. The thickness of the 

CrZO, layer may be estimated from the photo- 
electron spectra. Fig. 3a shows a set of angle-re- 
solved photoelectron spectra for the flashed 
Cr,O, surface. The peaks have been assigned 

Fig. 1. LEED pattern of the hexagonal Cr,O,(l I I) layer on Cr(l10) 
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bl O-terminated surface cl Cr -terminated surface 
Fig. 2. Schematic representations of bulk Cr,O, terminated by a (111) surface. (aI Side view. (b) Top view af the oxygen-terminated 

surface. fc) Top view of the chromium-terminated surface. 

earlier for the clean surface [9,10]. Briefly, CT’+ 
represents a d3-system, with one occupied d-band 
which resides at lowest binding energy, about 3 
eV below the Fermi level. The film must have a 
thickness uf more than 2-4 layers otherwise emis- 
sion from the CffllO) substrate would be visible 
at the Fermi level. The relatively broad features 
at binding energies between 5 and 10 eV are due 
to oxygen induced bands. 

As the photon energy is changed, angular mo- 
mentum perpendicular to the surface varies, The 
observed dispersion as derived from the experi- 
mental data in fig. 3a is plotted in fig. 3b. It is 
indicative of the thickness of the Cr,O, film and 
exhibits a well developed bandstructure perpen- 
dicular to the surface. At the present time it is 

not possible to compare the measured dispersion 
either to experimental dispersion data of the bulk 
crystal or to theoretical band structure calcula- 
tions. 

However, one may cumpare the experimental 
data which have been plotted in fig. 3b with the 
assumption of an inner potential of 8.5 eV - very 
simular to the one determined earlier for NiO - 
[3], to the result of a band structure calculation 
for an isomorphic oxide, i.e., Ai,O, [II]. Clearly, 
the electronic structures of A1,0, and Cr,O, are 
not identical. In particular, Cr,Oa contains d- 
electrons. The electronic structure of the oxygen 
sublattices however, should be comparable as far 
as band symmetries and relative bandwidths are 
concerned because all bands originate from 02~ 
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orbit& in first order. The overall absolute band 
widths on the other hand is cxpectcd to be differ- 
ent in Cr,O, due to smaller 0-O distances in 
AI,O, and due to metal-0 hybridization in 

Cr,O,. We have tried to take this into account by 
scaling the bandwidth of the calculated band 
structure so as to achieve the best fit with our 
experimental data. The comparison is shown in 
fig. 3b. 

Al,O; has six oxygen atoms within its unit cell 
leading to IX 02p atomic wavefunctions which 
have to be combined so as to form Al,O, bands. 
Along the fZ direction, which is the direction 
perpendicular to the surface, we have C,, sym- 
metry. From the symmetries which label the bands 
WC may qualitatively deduce the polarization de- 
pendence of the photoemission features assuming 
that the correlation of the Al,O, band structure 
with our measured Cr?O, dispersion is signifi- 
cant. Four 0 2p, derived bands are of A, symme- 

try and suggest strong emission with z-polarized 
light. This is in line with the observation that the 
two band systems dispersing between 5 and 6 cV. 
and between 6 and 7.5 eV. as well as the l’eaturc 
around 9.5 eV binding energy arc prominent with 
z-polarization. On the other hand, the bands with 
the relatively small dispersion are most intense 
when excited with s-polarized light. It is thcreforc 
fair to state that at least some features of the 

band structure can be found in the experimental 
data, justifying a posteriori the comparison made. 
The band at 3 eV binding energy is due to ioniza- 
tion of the Cr3d-derived band. Due to the strong 
localization of the 3d electrons the dispersion is 
very small. At particular energies where the 3d 
bands show pronounced resonances we observe 
an apparent dispersion which, howcvcr. is not 
correlated with the size of the Brillouin zone. WC 
believe that the energy stabilization near I‘ is due 
to the action of the photovoltaic effect as dis- 
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cussed by Horn [12]. Another explanation might 
involve the antiferromagnetic properties of Cr,O, 
but we have no further indications supporting the 
latter hypotheses. 

The problem that has to be faced next is the 
question which termination, either oxygen or 
chromium, actually is present on our sample sur- 
faces. 

The ELS results which are discussed in the 
following imply that at least part of the surface 
exhibits Cr ions with a different charge than the 
bulk ions. Fig. 4a shows a set of ELS spectra 
recorded with a primary electron energy of 100 
eV over a wide range of loss energies. 

In the inset in fig. 4a we show a comparison 
between the imaginary part of the bulk dielectric 
functions of Cr,O, and Al,O, [13,14] and the 
loss function observed for our Cr,O, film. Al,O, 
has been incluced to identify excitations not in- 

volving d-electrons but rather cation-bound exci- 
tons and interband transitions within the oxygen- 
derived band system. This comparison is possible 
because Al,O, and Cr,O, are isomorphic, as 
pointed out above, but have slightly different 
lattice constants. The comparison suggests that 
the features below 8-9 eV are connected with 
excitations from or into the partly occupied d- 
levels of the chromium ions. McClure [15] has 
estimated that the minimal energy nessesary to 
excite a ligand to metal (i.e., 0 + Cr) charge 
transfer transition is 6.2 eV, indicating that the 
transitions below 5 eV shown on an enlarged 
scale in fig. 4b are caused by d-d transitions. 
According to the literature 1161 the broad fea- 
tures at 7.5 and 9.9 eV should be assigned to 
charge-transfer transitions of the type discussed 
above, where the oxygen-chromium joint density 
of states (see fig. 2) shows up. While there is little 
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doubt about this assignment for the second of the 
two broad features, the Al,O, data suggest that 
in this region interband transitions begin to play a 
role. 

In order to attempt a detailed assignment we 
start with fig. 4b. The energy region shown in fig. 

4b provides the clue for the discussion of the 
electronic structure of the Cr-ions within the sur- 

face region. It is known from the literature that 
there are three d-d transitions allowed for a 

Cr d”-configuration in the quasi-octahedral (anti- 
prismatic) environment of the Cr,O, bulk com- 

pound [17-201. The ground state of the Cr ion is 
a ‘AA, state. Within the considered energy range 
there are three ‘A states available. These ‘A-states 
arc split off from the two ‘T,t3A,) states and one 
“T,t’A,) state of an octahedrally symmetric 

(Cr’iOL’P) moiety due to the reduced symmetry. 
The energy of the latter states relative to the 

presented state can bc estimated from the well 
known Tanabe-Sugano diagrams, if we assume a 
rather small energy splitting due to symmetry 
breaking [17,18]. It may be safely assumed, on the 
basis of such an estimate, that the transition 
energies are close to those observed for bulk 
CrlO, [ 161 or CT+ embedded in Al,O, [lS]. 

There are three transitions at 2.08, 2.83 and 4.9 
eV for the latter system which are marked in fig. 
4b as d-d-Cr” bulk transitions. For the first two 

transitions the observed intensities are compati- 
ble with the assignment as d-d-transitions. The 

third transition, however, at 4.9 eV exhibits an 
intensity that is too high to be exclusively due to a 
d-d transition on a single CT’+-ion. Even though 
it is known that via Cr-Cr interactions, e.g., in 

Cr,O,, the relative intensity of the transition 
grows considerably [21-231, this intensity increase 
is not high enough to explain the observed inten- 
sity of the 5 eV loss feature. Whether there is a 
collective excitation within the Cr-sublattice re- 
sponsible for the high intensity cannot be decided 
at this time. 

In our further discussion of the loss features 
WC have to consider the limited escape depth of 
the incident clcctrons. Electrons of 100 eV ki- 
netic energy probe a depth of 5 A, i.e., the 
scattered electrons carry information from the 
first four layers, i.c.. two oxygen and two 

chromium layers. We believe that the second 
chromium layer of an oxygen-terminated surface 
already represents the bulk situation, and that it 
is this and the following layers that gives rise to 
the signals discussed above. The first chromium 

layer of an oxygen terminated surface, however. 
should be chemically different from the bulk-like 
layers. We assign the features marked “near sur- 
face” to excitations involving d-d transitions 

within the first layer. Another possible origin ot 
the features may be spin-flip transitions [I91 but 
we feel that the observed intensities are too large 

considering 100 eV primary energy where intcnsi- 
ties are likely to be governed by dipole selection 
rules. 

We now turn to the Cr-terminated patches of 
the surface. If we keep the Racah parameter for 
the oxygen ligand fields as in the bulk and reduce 
the number of oxygen atoms coordinated to the 
Cr ion, the separation between the ground state 
and the first allowed excited state is cxpectcd to 
be considerably smaller than the separation be- 
tween ground and first dipole allowed excited 

state in the octahedral case, because there arc 
only three nearest-neighbour oxygen atoms (fig. 
2). Concomitantly it is likely that it is more 
favourable for the chromium to reduce its charge 
state from 3 + to 3 + A detailed analysis and 
comparison with Cr” excitation spectra in 
molecular complexes [20] shows that Cr’ ’ is 
characterized by a single low-lying dipole allowed 
transition, in agreement with the sharp single loss 
feature found in fig. 4b. Also, Cr ions in any 
other d-electron configuration, except the d’-con- 
figuration of Cr”, which is unrealistic, would 

lead to more than one well separated allowed 
transition. Sofar the analysis has led us to the 
conclusion that the pronounced loss feature at 
about 1.6 eV loss energy must be due to chromium 
ions located at the oxide surface and carrying a 
lower charge (2 + ) than the bulk chromium ions 
(3 + ). 

The proof for the localization of the 1.2 cV 
feature in the surface region, however. is drawn 
from oxygen adsorption experiments. If WC ex- 
pose the oxide surface to molecular oxygen at low 
temperature (110 K, fig. 4b) the peak at 1.3 eV 
disappears, and a relatively broad. very intense 
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feature just below 10 eV loss energy shows up. 
We interpret this finding as an indication for 
oxygen dissociation. The oxygen atoms coordinate 
the Cr’+ ions, which in the process are oxidized 
towards C3+ ions. The newly adsorbed oxygen 
atoms will then of course contribute to the excita- 
tion spectra in such a way that the intensity of the 
transitions within the oxygen sublattice increases 
as observed. It is not clear at present how the 
adsorbed atomic oxygen is coordinated towards 
the Cr ions, however the appearance of the in- 
tense band at 10 eV which we associate with 
adsorbed oxygen indicates that the coordination 
is not identical to the situation at those parts of 
the surface which are oxygen terminated, 

The results of the EELS studies are basically 
corroborated by XP-spectra of the Cr 2p3,2 states 
of the system. Fig. 5 shows a set of spectra with 
the one of the flashed oxide surface at the bot- 
tom. There are two dominant features at 576.0 
and 577.0 eV binding energy which we assign to 
Cr*+ and Cr3+ ionizations, respectively. The 
small peak at 574.2 eV binding energy which is 
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Fig. 5. Cr2p,,, XP-spectra of a clean Cr(ll0) surface (a), a 

flashed, grown Cr,O,(lll) film (b), and a Cr,O&lll) film 

exposed to oxygen (13. 

due to metallic Cr (see the Cr 2p,,, spectrum of a 
clean Cr(ll0) surface for comparison) is strongly 
attenutated due to the presence of the oxide film. 
The observed difference in binding energies is 
compatible with observed chemical shifts of 
chromium ions in chemical environments equiva- 
lent to Cr*+ and Cr3+, e.g, CrF, and CrF, [241. 
The Cr*+ intensity is attenuated when the sur- 
face is exposed to oxygen from the gas phase, 
clearly indicating that at least part of the Cr2+ 
ions are located in the surface region as sug- 
gested by the more surface sensitive EELS mea- 
surements. The observed shift of the Cr 2p ioniza- 
tions with respect to the metal ionizations of the 
oxide film before and after oxygen exposure is 
interesting and shall be discussed in detail else- 
where. The intensity remaining in the region of 
the Cr*+ ionizations could be due to Cr*+ which 
may be located in the neighborhood of the 
metal-oxide interface. 

Summarizing sofar, there is evidence that at 
the Cr,O, surface there exist Cr ions in a lower 
oxidation state than Cr3+ which may react with 
dosed molecular oxygen and are oxidized by dis- 
sociating oxygen molecules. 

3.2. Adsorption of NO 

As judged by TDS the desorption maximum 
for NO on Cr,O,(lll) is at 340 K Thus NO is 
chemisorbed on chromium oxide. We have stud- 
ied the adsorption of NO with HREEL-spec- 
troscopy in the vibronic regime. Fig. 6 shows at 
the bottom the spectrum of clean Cr,O, (a) taken 
with 10 eV primary electron energy. It is a typical 
oxide vibronic loss spectrum exhibiting very in- 
tense Fuchs-Kliewer phonons [251. Spectrum (b) 
is a trace of the NO-covered surface and it ex- 
hibits the NO loss at 1791 cm-’ which is typical 
for NO adsorbed on top of a metal ion within an 
oxide surface as we have demonstrated recently 
for the case of NO/NiO(lOO) [2,3,26]. In addition 
to the NO loss we observe a feature at 2480 
cm -l. We assign this feature to a combination 
band, i.e., a Fuchs-Kliewer phonon of the sur- 
face at 700 cm-’ and the NO stretch. Similar to 
the case of NO adsorption on NiO the NO 
stretching vibration is the only loss we are able to 
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identify because the very strong Fuchs-Kliewer- 
phonons cover up the region of metal molecule 
vibrations and bending modes. It appears there- 
fore hard at this point to extract information 
about the bonding geometry of NO on the 
Cr,O,(lll) surface purely on the basis of EELS- 
spectra. 

We have therefore employed ARUPS and 
NEXAFS to achieve a deeper insight into this 
problem. Fig. 7a shows two sets of angle-resolved 
photoelectron spectra of NO on Cr,O,(l 11) 
where the electrons have been collected in the 
so-called allowed and forbidden geometries 
[27,28]. In the allowed geometry the electrons are 
detected within the plane spanned by the direc- 
tion of light propagation and light polarization 
(incidence plane). Ion states of u symmetry of 
molecules with their axis oriented perpendicu- 
larly to the surface show up in this geometry, 
while those states do not emit into a plane per- 
pendicular to the incidence plane (forbidden ge- 
ometry). If the molecular axis is bent with respect 

to the surface normal the intensities of (7 ion 

states vary between the electron detection ge- 
ometries depending on the tilt of the molecular 
axis. Fig. 7a shows two NO-induced features in 

the spectrum taken in allowed geometry. These 
peaks are due to ionization of the S~/lr and 4~r 

ion states of adsorbed NO as may be assigned on 
the basis of ARUP-spectra reported for NO ad- 
sorbates on metal surfaces in the literature [26,28]. 

From a comparison of allowed and forbidden 
geometries it is found, that the u ion state inten- 
sities arc considerably higher in the former col- 
lection geometry. However, the 4a intensity, for 
example, is not fully attenuated in the forbidden 
geometry. Even if we take the incomplete polar- 
ization of the synchrotron light into account the 
remaining intensity of the 4a ion state in the 
forbidden geometry can only be explained by a 
non vertical adsorption geometry of NO. It is, 
however, very difficult to quantitatively estimate 
the tilt angle from the data in fig. 7a. Therefore 
we show in fig. 7b a series of ARUP-spectra 
where the angle between the direction of the 
incident radiation and the direction of the emit- 
ted electrons has been kept constant, while the 
angle of incidence (a) with respect to the surface 
normal has been varied. It is obvious that the 4tr 
ion state intensity assumes a maximum value at 
about cy = 60 O. At a = 60’ the polarization vec- 
tor is at an angle of 30 o with respect to the 
surface normal. Since the 4rr ion-state intensity 
should be maximal when the direction of the 
polarization vector coincides with the molecular 
axis we may estimate a tilt angle of about 30 o for 
NO on Cr,O,(lll) with respect to the surface 
normal. In this discussion the damping of the 
light at the surface according to the Fresncl for- 
mulae has been neglected since the optical con- 
stants for this thin oxide film on Cr(1 IO) arc not 
known. Thus the derived tilting angle is only 
correct within at least + 10 O. 

A qualitatively similar result follows from the 
analysis of the NEXAFS data as shown below. 
Fig. 8a shows a set of NEXAFS spectra taken at 
the nitrogen K-edge. Spectrum (a) shows the fca- 
tures (satellite and 02s photoemission) due to 
the clean metal oxide surface. Spectrum (b) is 
taken from the NO-covered surface. There are 
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basically two adsorbate induced features in the 
spectrum that are of interest to the present ques- 
tion. The feature with the smaller line width and 
lower photon energy is the so-called rr reso- 
nance, the one at higher photon energy with large 
line width in the so-called u-shape resonance. 
For a molecule with perpendicular orientation 
with respect to the surface plane one expects an 
increase of the relative intensity of the a-shape 
resonance with respect to the a-resonance for 
small incident angles according to the curve plot- 
ted in fig. 8b. Clearly the observed intensity varia- 
tions (fig. 8b) are not typical for a molecule with 
vertical orientation. The data points derived from 
the present experimental data, shown in fig. 8b 
can be fit best by a curve for which an angle of 
50’ between the molecular axis and the surface 
normal has been assumed [29,301. This is slighly 

different from the value deduced from ARUPS 
data. Since we could not correct the light polar- 
ization at the surface according to the Fresnel 
formulae and since the determination of the g- 
shape resonance intensities was rather problem- 
atic there are considerable error bars on these 
NEXAFS results. Therefore, the present data are 
only taken qualitatively and lead to the conclu- 
sion that NO is adsorbed on top of a metal ion in 
a bent configuration. 

The bonding of NO towards the oxide surface 
may be judged via two experimental observations. 
Firstly, the vibrational stretching frequency as 
observed via HREELS (fig. 6) indicates on-top 
metal ion adsorption as discussed above. Sec- 
ondly, the adsorption of NO has little effect on 
the electronic transitions as observed by ELS 
(fig. 4b). The spectra of the clean and the NO 



C. Xu et ul. / Adsorption and reaction on oxide surfaces 

2 

1.5 

e , 

0.5 

0 

[Nls Auger 

NEXAFS 
Cr2031111)ICrm 

T-100K 

a:0 

0=50 

4J=o 

2 

photon energy [ev] 

NO/Cr20J( 1 1 1 )/Cr( 1 10) 

N 1 s-NEXAFS. T-l OOK 

I 

/ 

, 

!!? 1 -Ps~r+a-(1 -3Psinza)cos26 ,’ 

- In _ 1 +Psin*a+(l -3Psin2a)cos26 <’ 
,’ 

P=O.8 
.’ --b=OO, +0.25 

*’ ** 
__-c 

____-- __--- b 
I ’ I r I’, 3 I ’ I , I 

0 10 20 30 40 50 60 70 

angle of light incidence a [deg] 
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resonance and the N 1s ---*v resonance as a function of the light incidence angle cy for NO on Cr,O,(lll). Calculated curves are 

shown for a tilt angle of 6 = 50 o and for NO standing upright on the surface. 

covered surface are very similar, except for a 
noticeable decrease of the Cr2+ d-d loss inten- 
sity relative the Cr3+ d-d transitions. This indi- 
cates in our opinion that these states are involved 
in the bonding. 

2.3. Adsorption of NO, 

In the case of NO, adsorption the situation at 
the surface is more complicated as compared 
with NO adsorption. While the ARUPS data (not 
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shown here) are inconclusive, the EELS data of 
fig. 6, spectrum cc), show no evidence for the 
presence of NO, on the surface at low NO, 
exposures even at low temperatures. However, as 
is obvious by comparison with the data on pure 
NO adsorption, spectrum (c) reveals the presence 
of NO on the oxide surface after NO, exposure. 
The NO vibrational frequency is very similar to 
the one observed for pure NO adsorption. We 
must therefore conclude that the NO bonding 
site after NO, exposure is the same as after pure 
NO exposure. Upon inspection of the NO, NEX- 
AFS data in fig. 8a we observe upon comparison 
with the data for NO in the same figure that this 
conclusion is strongly supported. Additional sup- 
port in supplied by TD-spectra (not shown here) 
where a strong NO desorption signal is observed 
from the NO, dosed surface at the temperature 
where desorption occurs for the pure NO adsor- 
bate. At higher doses of NO, we start to see 
NEXAFS signals due to the formation of N,O, 
dimers, as shown at the top of fig. 8a. This 
conclusion may be drawn in comparison with 
NEXAFS data recently reported by Geisler et al. 
[31] on NO, absorption on Ni(lOO), where it was 
shown that an assignment of the spectral features 
may be given on the basis of excitation of the N 1s 
electron into molecular valence states of the N,O, 
dimer. 

Very interesting changes upon NO, adsorp- 
tion are observed in the EEL-spectra in the elec- 
tronic regime as revealed by inspection of figs. 4a 
and 4b. The Cr2+ d-d loss is attennuated upon 
NO, adsorption and in addition the strong, very 
broad loss close to 9 eV appears. The similarity 
of this finding with the results upon oxygen ad- 
sorption very strongly corroborates the interpre- 
tation given above that these changes are caused 
by adsorption of atomic oxygen. In the case of 
NO, the source for atomic oxygen is the NO, 
molecule itself which dissociates into NO and 
oxygen as suggested by the HREELS data. 

Summarizing the last section so far, we find 
that when NO, is adsorbed onto a clean 
Cr,O,(l ll)/ Cr(l10) surface it dissociates into 
oxygen and NO. We know from ELS that the NO 
and 0 remain on the surface. The remaining 
oxygen results in the strong loss feature in the 

ELS spectra close to 10 eV, and in a simultane- 
ous attenuation of the Cr, + loss, similar to the 
situation observed after pure oxygen exposure. 
We believe, that the oxygen, which is released in 
the dissociation process leads to the oxidation of 
Cr2+ to Cr3+ and NO, is reduced to NO. We 
can follow the oxidation of the Cr2+ by looking at 
the disappearence of the 1.2 eV loss feature as 
has been pointed out above in connection with 
the exposure of the Cr,O, oxide surface towards 
oxygen. 
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