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The second European Congress on Catalysis (EUROPACAT-11) was held
in the MECC Centre, Maastricht, The Netherlands,from 3rd to 8th September,
1995, and was attended by more than 750participants. There were 13 separate
symposia, covering all aspects of catalysis, with three running simultaneously Twoposter sessions contained a large number of presentations. This report
covers aspects of the work presented featuring the platinum group metals.

As usual the metals of the platinum group
featured prominently as catalysts in many of the
sections. In this short report the conmbutions
presented in the three most relevant symposia
are highlighted; and a few important papers
given in other symposia will be mentioned.

was a time-delay before nitrogen appeared (3).
There still remains some scope for improving the performance of the catalysts used for
vehicle exhaust treatment by altering the nature
of the support. Solid solutions of CeO, + ZrO,
are in some ways superior to ceria by itself, and
in particular they have a very high oxygen storCatalysis and Catalytic Processes
age capacity at low temperatures (4).
The continuing use of palladium as the active
to Abate Environmental Damage
The reactions occurring in simulated vehicle component in exhaust gas treatment catalysts
exhaust continue to excite considerable atten- has stimulated a comparison between the
tion; however, in practice, the number of chem- decomposition of nitric oxide, and its reaction
ical species present is such that for fundamen- with hydrogen and with carbon monoxide, on
tal work it is necessary to use simpler systems. single crystal surfaces of palladium and of
Thus, for example, for a Pt-Rh/Al,O, three-way rhodium. The decomposition of nitric oxide
catalyst, the addition of 1 to 12 per cent water requires a higher temperature on palladium than
vapour increases the rate of carbon monoxide on rhodium, and on palladium affords some
oxidation by 2 to 6 times, respectively, and the nitrous oxide, whereas on rhodium the only
presence of ceria also enhances the oxidation product is nitrogen (5).
rate. By using isotopically-labelled oxygen ('*O,) A comprehensive study of the oxidation of a
it was found, surprisingly, that the main source number of different hydrocarbons on a Pt/Al,O,
of the oxygen used to form the carbon dioxide catalyst was reported (6). Alkyl-substitutedbenwas in fact water, and not molecular oxygen (1). zenes are less easily oxidised thanbenzene itself,
From a broadly-based kinetic modelling study because the substituents release negative charge
of NO + CO and CO + 0,reactions, it was con- to the aromatic ring, which is consequentlymore
cluded that nitrous oxide is formed as an inter- strongly adsorbed on the catalyst and less reacmediate product in the former reaction (2). tive. Bicyclic C , , molecules, such as naphthaBecause of the continuously-changing condi- lene, decalin and tetralin, are less reactive than
tions that the actual catalyst has to endure, the n-decane, again because of adsorption through
transient-response technique is particularly suit- the ring structures.
able for providing information on reaction kinetics. Consequences of the step-changes applied Catalysis of (Pseudo) Metals
The somewhat strange title of this symposia
to a conventional three-way catalyst were
analysed on a time-scale of about 2 minutes, was intended as a short way to show that comand showed that for the NO + CO reaction there pounds such as the carbides of molybdenum
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and of tungsten, which show catalytic proper- were in the same range (4 to 6 nm) in each case.
ties similar to those of metals, were within the An explanation was suggested based on a difremit of the symposium. Papers dealing with ference in binding energy of the palladium 3d
them are not however covered here.
core level (1 1). One factor that can affect the
The reason for the enhancement of activity activity of palladium catalysts in hydrogenation
during the hydrogenation of 2,4-dinitrotoluene reactions is the dissolved hydrogen content,
on adding iron to Pd/SiO, was examined by which is known to decrease as the particle size
studying the IR spectra of chemisorbed car- becomes smaller. There is, in fact, a linear relabon monoxide and nitric oxide. It was concluded tion between x in P-PdH, and dispersion, and
that on chemisorption nitric oxide oxidises Feu between x and the temperature at which the
to Fe”, which in turn can chemisorbnitric oxide, hydride decomposes (- 70°C). No hydride is
but carbon monoxide is only adsorbed on pal- formed when the dispersion exceeds 80 per cent,
ladium surface atoms; the two species are inter- for then the particles have almost no middle.
spersed at an atomic level (7).
However, for dispersions over 45 per cent (where
The structures and properties of some other XRD ceases to be effective) the decomposibimetallic systems were reported. A series of tion temperature can be used to estimate the
alumina-supported RuGe catalysts were degree of dispersion ( 12).
described: Ge’ is not incorporated in the ruthenium particles except at the highest germa- Ruthenium for Ammonia Synthesis
nium:ruthenium ratio; however, according to
Carbon-supported ruthenium catalysts proEXAFS spectra, it exists as GeO, ‘molecules’ moted with barium or caesium are effective caton the surface (8).
alysts for ammonia synthesis. Systematic studOne of the best methods for investigating the ies are in progress, aimed at understanding how
surface composition of bimetallic catalysts is ruthenium differs from iron, and to this end the
low-energy ion scattering (LEIS), which is a ruthenium (0001) surface, polycrystalline ruthestrictly surface-sensitivetechnique. By its use it nium and ruthenium on magnesia and on aluwas shown that platinum-palladium particles mina, both unpromoted and promoted by potason alumina are enriched in platinum after a treat- sium and caesium, are being examined by a
ment in hydrogen at 300°C, while at lower tem- variety of techniques. It appears that the
peratures bulk and surface compositions were Ru(OOO1) surface has a very low sticking coefabout the same (9). A number of different types ficient for nitrogen, and that in the supported
of metallic particles are formed by platinum and catalysts only a small fraction of the surface is
copper on and in the zeolite ZSM-5; the com- active; the active sites in the caesium-promoted
bined use of EXAFS, of FTIR using carbon Ru/MgO catalyst are associated with the presmonoxide, and of X P S , leads to the identifica- ence of the alkali (13).
tion of five different kinds of particle or surFinally, two contributions of a more fundaface (10).
mental kind will be mentioned from this symStraightforward methods of catalyst prepara- posium. Many of the most important catalytic
tion are still capable of producing surprises. The reactions of the platinum group metals involve
use of acetylacetonates in non-hydroxylic sol- hydrogen, and detailed studies of its chemisorpvents as impregnating solutions is well estab- tion on EUROPT-1 (PdSiO,), and on Rh/Al,O,
lished; however, it could not be predicted that and Pd/SiO,, show that under all conditions of
the hydrogenation activity of the catalyst result- measurement it is the change in Gibbs free
ing from using palladium acetylacetonate in ben- energy, G, and not kinetic factors, that controls
zene depended on whether (i) there were mul- what takes place (14).
tiple impregnations with dilute solutions or (ii)
The importance of equilibrium constants for
there was a single impregnation with a con- the adsorption of reactants was also stressed,
centrated solution, although the particle sizes using alkane hydrogenolysis on Ru/Al,O,
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catalysts as the example: differences in activity
caused by changing the particle size or surface
morphology have been naced to thermodynamic
factors, rather than to geometric (that is the
ensemble size) factors (15).

Research on Model Catalysts
In recent years interest has grown in the preparation of ‘model’ catalysts that simulatethe structure and properties of supported metals, but
because they are made on flat surfaces under
UHV conditions, they can be investigated by
methods of characterisation that are not usually
suitable for powdered materials. In a careful
study of ethene oxidation on platinum foils, thick
platinum films and model Pt/SiO, catalyst, it
was found that the oxidation rates were proportional to the metal area only when the
ethene:oxygen ratio was low. It was concluded
that the support takes an active part in the reaction when the platinum surface is covered by
hydrocarbon species (16).
Another example of support involvement is
provided by the sulphur dioxide-assisted oxidation of propane catalysed by the Pt( 111) surface, which when partially covered by a disordered aluminium oxide layer gives a rate that
is much greater than on the uncoated metal surface. It is thought that adsorption of SO:- groups
on the support allows an increased uptake of
hydrocarbons ( 17).

Characterisation of Model Catalysts
New and sensitive techniques, such as scanning tunnelling microscopy (STM) and atomic
force microscopy (AFM), as well as EXAFS,
are being applied to the characterisationof model
catalysts. The rate and selectivity shown in the
hydrogenation of 1,3-butadiene depend on the
microstructure of palladium-graphite films: the
structure of which can be changed by altering
the hydr0gen:hydrocarbon ratio (18 ) . These
observations are relevant for understanding the
strange behaviour of palladium catalysts prepared from acetylacetonate, as mentioned above
(1 1). Particle growth of IrFe/SiO, bimetallic
model catalysts after oxidation has been followed
both by EXAFS and TEM (19).
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It is now possible to monitor catalytic reactions on single crystal metal surfaces over a wide
pressure range, and, although such surfaces
do not precisely mimic technical catalysts, the
added advantages - in terms of the applicable
techniques for study - more than compensate
for t h i s limitation. So, for example, the cause of
the oscillatory behaviour in carbon monoxide
oxidation on Pd(ll0) and Pt(210) surfaces is
suggested to be subsurface oxygen (20). This
form of adsorbed oxygen also features in the
interpretation of the results of the NO + CO
reaction on iridium (2 1). Oscillation is also
shown in the reaction of NO + H,on the stepped
mbar, but
Rh(533) surface at 470 K and
not on Rh(100) (22).
A new technique in the study of adsorbed
species is Temperature Programmed Static
Secondary-IonMass-Spectrometry (TPSSIMS),
which together with the more traditional TPD
has been used to investigate the conversion of
chemisorbed ethene to ethylidyne, and its firther decomposition at higher temperatures, on
the Rh(ll1) surface (23).
Another novel and powerful method for examining adsorbed species, Sum Frequency
Generation Vibrational Spectroscopy, was
described by G. A. Somorjai in his plenary lecture. It has the advantage over copventional
i&ared spectroscopyby having no interference
from gaseous molecules.

Contributions to Other Symposia
It is not only the metallic states of the platinum metals that are catalytically active.
However, few of the platinum group metal compounds are stable under the conditions that are
required for use in industrial processes; the sulphide may be such a compound. Ruthenium
sulphide displays very high activity for
hydrotreating processes, especially for hydrodesulphurisation (HDS) and can moreover be
prepared in various states of dispersion depending on whether it is supported or not (24).
Metals of the platinum group are also highly
effective oxidation catalysts. The use of Pd/AI,O,
for the catalysed complete oxidation of methane
allows heat generation at a lower temperature
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than does non-catalysed combustion, and
thereby reduces the extent of nitrogen oxides
formation. Water, being a product, does however act as an inhibitor (25) (see also (16)and
(1 7)). The possibility of reforming methane with
carbon dioxide, that is
CH,

+ CO, + 2CO + 2H,

has recently attracted attention, and aluminasupported ruthenium, rhodium, iridium and
platinum catalysts all show comparable behaviour for this process (26). In the partial oxidation of methane to synthesis gas, that is
CH, + 1/2 0, + CO + 2H,

the methane is in fact initially oxidised nonselectively until all the oxygen has disappeared,

after which it reacts with either carbon dioxide or with water:
CH,

+ H,O + CO + 3H,

Concluding Remarks
The arrangement of three parallel sessions,
together with the very large number of posters
available for inspection, made it virtually impossible to absorb and retain all the information.
This however reflects the healthy state of the
subject, and the great effort that European scientists are devoting to its development. Platinum
group metals retain their foremost position in
the field of metal catalysis, from which they are
unlikely to be moved in the foreseeable future.
EUROPACAT-III will take place in Cracow
in 1997. It is a beautiful city: try to be there.
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