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Adsorption of small molecules on oxide surfaces:

Cry04(111)/Cr(110)/1/

C. Xu, H. Kuhlenbeck, M. Hassel, B. Adam, and H.-J. Freund

Lehrstuhl flir Physikalische Chemie I, Ruhr-Universitit Bochum
Universitdtsstr.150, 4630 Bochum 1, Germany
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Fig.lc: O-terminated surfuce

Oxidation of Cr(110) under controlled, |.e.
UHV conditions, leads to the formation of a
thin epitaxial Cro04 oxide layer with (111)
surface orientation. The hexagonal LEED
pattern is shown in Fig.la. This LEED
pattern has been reported bel’orefz/, and
there Is general agreement that it is due to
a (111) surface of rhombohedral Cry045 with
lattice parameters very similar to the
chromium oxide bulk. Starting from bulk
Crp05 there are two possible terminations,
l.e. Cr-termination and O-termination as
schematically shown in Fig.1b in the right
and left panel, respectively. ELS in the
electronic regime indicates that the surface
contains Cr and O terminated areas. The
ELS spectra (Fig.2a) exhibit d-d excitations
which are due to cr®* and cr2* fons. The
cr®* jons are located in the surface as
indicated by their attenuation upon
adsorption of additlonal oxygen (Fig.2r).
Before the oxide surface Is saturated with
oxygen it Is chemically rather reactive.
Several molecules have been adsorbed on
the surface, some of which show pronounced
reactivity even at very low surface
temperature. For example COp and NO,
dissociatively adsorb on the surface close
to 100 K concomitantly forming adsorbed
oxygen and CO and NO. At the same time
the dlatomics co and NO adsorb
assoclatively. The dissociation of the

triatomics Is documented by the disappear-
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ence of the cre* features in the ELS spectra (Fig.2d and Fig.2e) indicating ihe
oxidation of the surface via the oxygen atoms. Adsorption of CO and NO on the
other hand atltenuate Lhe cret peaks but do not cause complele suppression as in
the case of the triatomics (Fig.2h and Fig.2c).

CO and NU desorb at 175 K and 350 K respectively indicaling weak chemisorption
in the former and strong chemisorption in the laiter case. It is interesting to note
that CO forms an ordered (Y3xv3)R30° overlayer as revealed by LEED while for NO
adsorption no ordered pattern has been observed. The same is true for 002 and
N02. Angle resolved photoemission (ARUPS) as well as near edge X-ray absorption
fine structure has been used to get further information about the bonding
geometry of the molecules on the surface. Fig.3 shows photoelectron spectra in the
so called allowed (upper three traces) and forbidden {lower three traces) collection
geuluel,r,\"'m. If the molecule is oriented with its molecular axis perpendicular Lo
the surface plane ion states of the adsorbed molecule with o-symmetry are
intense. In the forbidden geometry they are attenuated and ion states of n-
svimmetry are intense. If the molecular axis is oriented parallel to the surface al
random  azimuthal  distribution allowed  and  forbidden  geomelry cannot be
differentiated and we expect o-ciission in hoth cases. Fig.3 indicates that we are
dealing with the latter situation for CO on the present surface. This also s
supported by an investigation of the o=-shupe resonance which is observed 1o peak
at large off-normal emission anpgles. We are able to choose an electron emission
geometry where we mainly observe emission of ion states of n-symnetry, i.e.
grazing incidence light and near normal electron detection. The experimental
results in this geometry show that the 1n-emission is not situalted energetically
close 10 the Ho-emission but rather c¢lose 1o the do emission. This is a very
unusual observation if we compare with the situation found on metal surfuces .
The observed hipgh binding encrgies of the CO induced features are another
unusual result. A reasonable explanation for these findings is o gassume a bonding
geometry where the €O molecules are bound to the positively charged Cr ijons. his
interaction induces a chemical shift of the jon states of CO towards higher binding
energies. Considering the observed orientation parallel 1o the suarface and the
lateral ordering in a (V3xvV3)R30” structure suggests a structure of the adsorbate
as shown in Fig.4. CO-metal complexes are known’?76/ where co bridges two metal
atoms establishing boih carbon-metal and oxygen-metal contacts.

For NO, however, there are differences of the intensities of the NO induced
features in Fig.3. The do-cmission, for oxample, is attenuated in forbidden
geometlry but it is not completely suppressed as we would expect for perfect
perpendicular orientation. A more quantitative analysis shows that we expect a
1ilt angle of the molecular axis of about 30Y with respect to the surface normal.

This conclusion is supported by the NENAFS resolts which are not shown here.
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Fig.4 Schematic representation of the CO adsorbate on Cry04
A sample of our NEXAFS results is shown in Fig.5 where we have plotted NEXAFS
spectra  of adsorbed CC in comparison with those NEXAFS data afler COo
adsorption at various tewmperatures., The features scen in the spectra of the clean
substrate are due to photoemission peaks, i.e. due to the 02s and a valence band
satellite emission of Cr,05. €05 shows up as an intense feature at low
t.emp(lerar.ure. The small extra fealure at lower pholtonenergy has not been assigned
yet. At 170 K the dissociation product €O is clearly identified by comparison with
the pure CO adsorbate. The second feature at higher binding energy is due 1o
carbonate (CO4) and not o €0,, which is only revealed by a more detailed

Inspection.

Summarizing we find that the Cr,04(111)/Cr(110) surface is rather reactive and
shews a different behaviour as compared with other oxide surfaces such as
Ni0(100) 78/ and Al504(0001) 9 which are much more inactive towards

chemisorption of molecules from the gas phase.
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Cr,0,(111/Cr(10)
NEXAFS
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