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Preceding works and aims of this study

Efficiency and selectivity of catalysts always pdagn important role in the
research. Industry has a stronger claim towardebknology with which products could
be produce cleaner, in greater extent and with renmentally friendly way. Today’s
World is out to decrease and optimize the powerdhiag capability input and to
develop new or alternative fuels. Especially thasentries pay great attention to this
kind of investigations where the sources for hyadrbon fuels are uncertain or
diminished. It seems to be obvious that insteadtlhld use of hydrocarbons, the
alternative resources for example wind, sun, wated geothermal energy are more
effective and suitable. These are adopted in masgg like prominent solution in local
purposes. Another way is to develop new resouri&eshydrogen or fuel cell in the case
of cars furthermore solar cells which could be fioad in a big volume up to now only
in the space-research. Beyond that there are @f l@quirements which show the way to
the science (or chemistry) how could we expanddialysts and the processes for the
new, environmentally friendly and effective energgources. Inside the chemistry there
has been recently made a great progress in they sitidhis research area. Surface
science technics are able to facilitate this effibréreby that scientists can map the
elementary reactions on the catalysts.

Our group has carried out a series of extensivalgt studies concerning the
conversion of several alkanes into aromatics. Itswaund that Ch and other
hydrocarbons can be transformed into aromatics whiph selectivity on zeolite-
supported MgC catalysts. However the carbide phase producedmsingle crystal has
similar catalytic behaviour to those of platinum tails, so they may substitute for
expensive noble metals in some cases in the ingu3tinese results inspired us to
investigate the structural and oxidation propertodsMo,C in the well characterized
carbidized Mo(100) system. After that we wantedbalyze the adsorption properties of
two molecules, which play dominant role in the abowmentioned aims, on the
Mo,C/Mo(100) surface.

The aim of the present work was the characterizatib the carburized Mo(100)
surface with regards to the stochiometry and theoficentration profile and also to get a
more detailed picture of its interaction with oxggat both low and high temperatures.

Special attention was paid to the migration of @ & perpendicular to the surface. The



different surface sensitivity of LEIS, AES, and bmgesolved X-ray photoelectron
spectroscopy (ARXPS) allowed us to obtain a certipth profile of the sample. Detailed
XPS measurements helped us determine changesanittegion states of Mo and C.

After that we decided to monitoring the reactionttué widely used alcohol (ethanol)
on the elaborate characterized }@éMo(100) surface. The motivation of this work
couldn’t be a gquestion because the research, togehthe fossil fuels and to work out
more environmentally friendly methods, are play demant role in the leader labs of
the world.

Furthermore we wanted to analyze the catalyticvigtiof the Ma,C/Mo(100)
surface towards alkyl groups. Since in our groupdsgtd previously the behaviour of
propyl group on this surface in this work we repbe influence of potassium additive on
the reaction pathway of propylz&;7, species.

Although our work is clearly basic research, theowledge and qualitative
characterisation of the elementary steps of thetic®s on the catalyst surfaces could be
normative to planning and design the catalytic psses so it is the first step toward the

consummation of the social and environmental regouénts.



Experimental methods

The experiments were performed in three separaelsss steel ultra high
vacuum (UHV) chambers with a routine base presafré&x10*° mbar produced by
turbomolecular and rotational pumps. The adsorbaseg could be dosed through a
capillar from the pre-vacuum chamber. The diametehe Mo(100) crystal used in this
work was 10 mm which we could analyze in the terapee range between 90-1500 K.
The temperature of the substrate followed with ocebalumel thermocouple. The
sample (with the sample holder) could be rotated aited for angle resolved
measurements.

The Mo(100) surface was carburized by repeatipg,@dsorption (50 L) at 900 K
and annealing in a vacuum to 1265 K, similar to tiethod of Schdberl, until the carbon
content reached saturation, monitored by LEIS, A&®l XPS. The characteristic three-lobe
structure of the C KLL AES peak indicates the fotiora of carbidic (rather than graphitic or
amorphous) carbon.

The chamber, in which we investigated the oxidatmal carbidization reactions
of Mo(100) crystal, was equipped with facilitiesr flow energy ion scattering (LEIS),
X-ray photoelectron spectroscopy (XPS), Auger-egattspectroscopy (AES) and Mass
spectroscopy (MS) methods. The adsorption reactionthe MeC/Mo(100) surface
were followed in another well-equipped UHV chamheith high resolution electron
energy loss spectroscopy (HREELS, LK3000) furthememihe temperature programmed
desorption (TPD) measurements performed with BalZgMS200 mass spectrometer.
The adsorption of alkyl halogenids were investigdbg Kratos XSAM 800 apparatus.



New scientific results

1. We investigated the structure and the reactivitytrld Mo,C layer produced on a
Mo(100) surface, including the reactivity towardsygen at different temperatures
(300-1000 K).

1.1. Detailed crystallographic studies on carbide owsrta absent as well as
the knowledge of the C concentration profile areklag at present in the
literature of M@C. Our results showed that a Mb overlayer with a
homogeneous C distribution down to the informatidaepth of XPS,
estimated to be 5.7 nm, was produced on Mo(100)rdpeated ¢H4
adsorption at 900 K and annealing in vacuum to 1R65

1.2. The well established phase can be transformedantoxide layer by @
which adsorbs dissociatively on the carbide layerceom temperature.
One part of the chemisorbed oxygen is bound to blo¢hC and Mo sites,
as indicated by LEIS. Another fraction of oxygemrats probably resides
in the hollow sites not occupied by C.

1.3. It was shown that the oxidation starts in the owiest layer where, as a
result of the reaction between the oxygen and serfaarbon, CO
formation was observed from,d&=500 K. The removal of surface C
resulted in an increase in the saturation O cowerdgit all adsorbed
oxygen atoms are located on the topmost layer uRdo=600 K and even
at 800 K at small @ exposures. At higher exposures at 800 K, the
migration of O to subsurface sites sets in, formthgg way a kind of
oxycarbide, characterized by oxidized Mo states.

1.4. Carbon could be completely removed both from thstflayer and from
the deeper regions as was shown by LEIS and AE® fEmoval of
carbon atoms from subsurface sites by oxygen s&rt$,q<=900 K. A
strong gradient in the C concentration was obsemethis temperature,
which is attenuated at 1000 K, probably due toldrger diffusion rate of
C.



2. The reaction pathways of the dissociation of ethamere investigated on the well-

characterized Mg catalyst under our circumtances.

2.1.

2.2

Ethanol readily adsorbs on clean M@Mo(100) surface, with high
sticking probability, which is almost constant up monolayer coverage
and adsorbs dissociatively on M&Mo(100) even at 100 K to yield
adsorbed hydrogen and ethoxy.

A number of desorbing products are observed inTtRB spectra that are
produced in the surface reactions like ethane, addehyde, carbon-
monoxide, methane and hydrogen. The major parhefrémaining ethoxy
underwent complete dissociation to surface carbod hydrogen. The
spectral feature at 1153-1173¢iis the only one, which is characteristic
merely of GHs species and we believe that the appearance ofldbs
feature is indicative of the formation of.lds species, and for the

occurrence of the ethanolic C-O bond rupture.

3. We followed also the influence of potassium (asidaxce additive) on the catalytical

properties of MeC/Mo(100) surface towards alkyl groups.

3.1.

3.2.

3.3.

3.4.

We observed that the weakly adsorbesH@ on Mo,C/Mo(100) surface
was slightly strengthened by the presence of patagswhich manifested
itself in a new molecular desorption state with=T188 K.

Depending on the coverage, preadsorbed potassidocéd the cleavage
of C—I bond even at 100 K to producgH; and I. The extent of the
dissociation of coadsorbed layers can be enhangdd\blight irradiation
at 100 K.

Propyl groups stabilized by potassium yielded progpand propane. The
desorptions of both compounds are reaction limifmdcesses. The
coupling reaction of propyl groups resulting in tfegmation of hexene
and hexane was also promoted by potassium.

The adsorbed potassium and iodine arising fromdiksociation of GH-I
desorbed with the same desorption peakX1648—-688 K), verifying their
mutual stabilization through the formation of a fsge KI ionic
compound. The formation of Kl was also supportedhs/appearance of a
loss feature at ~375 és 650 ¢nin the HREEL spectra attributed to a
phonon mode of Kl (Fuchs-Kliewer modes). These nsodeere also



detected for coadsorbed layer irradiated at 100wKjch requires the

surface diffusion of K, | and 4Ei; groups.
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