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The Heck Reaction and Cinnarnic Acid
Synthesis by Heterogeneous Catalysis
PALLADIUM ON CARBON CATALYST GIVES IMPROVED PRODUCTION

By Valerie M. Wall, Amihai Eisenstadt, David J. Ager
and Scott A. Laneman
NSC Technologies, Mount Prospect, Illinois, U.S.A.

T h e Heck reaction for the construction of carbon-carbon bonds, using
palladium catalysts, is one of the most valuable strategies in organic chemistry
and appears frequently in the literature, usually as homogeneous catalysis.
I n this review the progress made to date with this reaction is examined, together
with the most discussed aspects of the Heck reaction, including a description
of its mechanism and the conditions required for success. Some limitations to
the homogeneous reaction are mentioned with reasons f o r proceeding with
heterogeneous catalysts, in particular with palladiumlcarbon. Examples of
various heterogeneous Heck reactions are presented and work that we are undertaking to develop methods for the production of cinnamic acids, useful us
substrates for the synthesis of “unnatural” amino acids, is discussed. Finally,
we present some results f r o m our work using palladiumlcarbon catalysts f o r
heterogeneous Heck reactions.

The Heck reaction is considered to be one of
the more useful strategies in organic synthesis
for the construction of carbon-carbon bonds.
First discovered by Heck in 1968 (l), the reaction involves the palladium-catalysed coupling
of aryl or alkenyl halides with alkenes, see
Scheme I. It has since been expanded to include
organometallic reagents (such as Grignard,
organolithium and organoselenium reagents),
aryl triflates, aryl diazonium salts, and boronic
acids and esters as substrates.
The reaction has been comprehensively
reviewed (2-7); indeed, a literature search for
the “Heck Reaction” showed 11 “hits” for the
initial period to 1980, 69 for 1981-1990, 279
for 1990-1995, and from 1995 to May 1999
this figure has increased to 419 (8).
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The mechanism of the Heck reaction has been
the subject of intense study and the one that is
generally accepted is depicted in Scheme I1
(3,5-7). The catalytic cycle can be considered
in four stages:
(a) oxidative addition,
(b) co-ordinatiodinsertion,
(c) P-hydride eliminatioddissociation, and
(d) regeneration of the Pd(0) species to complete the catalytic cycle.
Traditionally, the Heck coupling reaction has
been catalysed by P d L , P d C l L or Pd(OAc)z
with two equivalents of added ligand (L).
Ligands employed in the Heck reaction include
1,lO-phenanthroline derivatives (9, 10) and carbenes (1 1, 12), but mono- and bidentate phosphines, such as PPh, or P(o-tolyl),, are more

Scheme I
+

H-X

R = aryl, alkenyl; R’= aryl, alkyl, OR,
CO,R, etc; X = I, Br, OTf (tritlate)
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typical (4). The combined electronic and steric
properties of the ligand affect both the stability of the intermediates as well as the activity
and selectivities of the palladium catalyst. For
the homogeneous reaction, the presence of ligands is necessary on all complexes for oxidative
addition to occur, except on the most reactive
aryl iodides. It is noteworthy that the success of
cyclopalladated,phosphine-free, nitrogen-based
ligands in the Heck arylation has been reported
(13); these ligands have thermal and air stability and in certain cases can deliver turnover numbers in excess of one million.
Whatever the chosen combination of palladium complex and ligand, the catalytically active
species is assumed to be the 14-electron complex P d ( 0 ) b (1 in Scheme 11) (5,6). Oxidative
addition of the alkyl or aryl halide can then
occur, at (a), to afford the truns-lU’dxL, species,
2, followed by loss of one of the ligands to create a vacant site where alkene co-ordination can
occur, at (b). The co-ordinated alkene forms an
unstable 0-bonded complex, and the desired
product is delivered after a P-hydride elimination, at (c). One problem that can arise with
couplings of unsymmetrical alkenes is that of
regioselectivity. This factor is considered to be
under steric control as the R group adds to the
less substituted carbon of the double bond of
the incoming alkene (3, 14). The regioselectivity of the Heck reaction has been demonstrated

R

r

Y

to be highly dependent on the alkene substituents
and also on whether mono- or bidentate ligands
are chosen (5, 15, 16). The factors contributing to electronic control for a- or P-arylation
have been described and are discussed below
(15, 17).

The Role of the Counter Ion
The general mechanism of the Heck reaction
as shown in Scheme I1 has been modified independently by Ozawa and Hayashi (18) and by
Cabri and Candiani (5) to define the role played
by the counter ion, X. Thus, the co-ordinatiodinsertion process (b) in Scheme I1 can be
viewed as a combination of two separate pathways: (i) and (ii), as shown in Scheme 111. I n
pathway (i) of this model, X remains co-ordinated throughout the cycle. This can occur when
X = halide and the alkene co-ordinates upon
the dissociation of one of the other ligands (L).
Alternatively, if the Pd-X bond is more labile,
as in the case where X is triflate, OTf, the ligands remain bound, and alkene insertion occurs
at the site vacated by X, which results in a
cationic palladium complex (ii)a by pathway
(ii). Further studies have indicated that the reactivities of the cationic complex (ii)a and
the neutral complex (i)a are dependent upon
the electronic nature of the alkene substrate.
Electron-rich alkenes react faster with cationic palladium complexes and conversely, the
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Scheme I11
The two possible reaction pathways showing the part played by the counter ion, X. In pathway
(i) if X = halide, the X remains co-ordinated to the palladium, and the ligand L dissociates;
while in (ii) if the Pd-X bond is more labile, such when if X = OTf, both ligands,
L, remain bound, with alkene insertion occurring at the site vacated by X

reaction of electron-deficient substrates is faster
when neutral palladium complexes are used ( 5 ,
15, 16). Also, the introduction of halide-removing agents, such as AgNO? or TlOAc allows
replacement of the strong Pd-X bond with a
more labile one. The effect of the leaving group
and of the alkene substituents on the coupling
reaction has been elucidated by Cabri and
Candiani by using the expanded co-ordinatiodinsertion cycle, see Scheme I11 (5).
Akermark and co-workers have also investigated the effect of counter ions on the regioselectivity of the Heck reaction (16). The reaction of a cationic Pd species with electron-rich
alkenes mainly results in a-substitution, whereas
P-substitution is the predominant reaction with
electron-poor substrates (16).

Reaction Conditions
and General Trends
Conventionally, the Heck reaction is performed
by the combination of an appropriate alkenyl or
aryl halide (Scheme I) with a slight excess of the
alkene and a base, usually an amine in the presence of the Pd(0Ac)JtriaryIphosphine catalyst system under an inert atmosphere. The most
commonly employed base is triethylamine, but
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a wide range of both organic and inorganic bases
(NaOAc, NaHCOl and K,CO,), in addition
to Proton SpongeE(1,8-bis(dimethylamino)naphthalene) and Ag(I)/TI(I) salts, have been
found effective ( 5 ) . Common reaction temperatures are between 60 to 150”C, though this
range can vary considerably depending on the
reactants: some reactions of aryl iodides can be
carried out at room temperature, while aryl chlorides are essentially unreactive at temperatures
below 120°C. Most alkenyl and aryl halides,
however, do react at room temperature under
high pressure or with Jeffery’s phase-transfer
conditions (vide injru). Tertiary phosphines are
usually employed to maintain the stability of the
catalyst. (It is noted, however, that these phosphines can also react under the standard Heck
conditions to form a phosphonium salt (1 9). In
some cases, Pd-catalysed transfer of aryl groups
from the triarylphosphine to the substrate is
observed (3)).

SubstrateslSubstituents
Used in the Heck Reaction
Aryl, heterocyclic, benzylic, and vinylic iodides
and bromides have been used as substrates (3,
4). A wide variety of substituents can be present
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in the aryl halide, but with two limitations: (a)
halides in possession of P-hydrogens cannot
be used as they undergo elimination, and (b)
the utilisation of chloro- and fluoroarenes has
not been generally successful since these compounds demonstrate considerably lower reactivities than do their iodo and bromo counterparts (3, 5,7). No examples of Heck reactions
which use aryl or alkenyl fluorides as substrates
have been documented to date, while traditionally, chlorides (other than benzylic chlorides) require harsh conditions.

The Use of Aryl Chloride as Substrates
The use of aryl chlorides for industrial application would be attractive as they are readily
available in bulk quantity and are much less
expensive than the equivalent iodo and bromo
compounds. Progress has recently been made
in this area and it has been established that the
Heck coupling of aryl chlorides can proceed,
with yields of 70 to 85 per cent in the presence
of stericallyhindered, electron-rich phosphines,
in particular P(r-Bu), and P(cyclohexyl),. The
improved reactivities arise ffom the easier oxidative addition of the aryl chloride to the more
electron-rich palladium centre (20). Other
examples of the use of aryl chlorides have been
given in a comprehensive review (21).
Selective coupling catalysed by Pd(OAc),
occurs at the iodo position when both bromo
and iodo substituents are present (22). The
bromo group can be subsequently reacted with
additional alkene if a triarylphosphine is added
to the Pd(OAc), catalyst.
The utilisation of aryl and vinyl tdates as substrates in the Heck reaction is now becoming
more frequent (5, 16, 18) and a selection of
alternate reactants have also been evaluated.
Coupling reactions with aryl diazonium salts
can be achieved at room temperature; these
include the reaction of endocyclic enecarbamates with aryl diazonium salts in place of ArX
(Ar = aryl), and allowed the production of some
pyrrolidine alkaloids and a novel C-aryl azasugar (23).
The Heck reaction of various aryl bromides
with secondary amines has been employed for
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the preparation of aryl amines in high yield with
sodium rerr-butyrate as base. The palladiumcatalysed P-C coupling reaction between selected
aryl iodides and primary and secondary phosphines has been described and yields for this
novel route to water-soluble phosphines are as
high as 98 per cent (24).
Solvents
A wide variety of solvents has also been investigated for use in the Heck reaction. Among the
more commonly used are dipolar aprotic solvents, such as DMF, DMSO, N-methylpyrrolidone (NMP) and acetonitrile. Other solvents
which can be used are methanol, hexamethylphosphoramide, N,N-dimethylacetamide and
even water. In particular, the coupling of cyclic
alkenes and aryl iodides in high temperature
water was investigated, the reactions being performed over 3 hours at 175 to 225OC and at
pressures I100 bar (25).
When fluorinated palladium complexes are
used as the catalyst, reactions can be performed
in supercritical carbon dioxide and with lower
catalyst loadings and temperatures (75 to 80°C)
than are usually required for the Heck reaction,
giving yields of up to 96 per cent ( 2 6 ) . One
unusual line of study made use of vodka as the
solvent and a commercial animal worm medicine as the base (27)!
Heck couplings can also be performed under
phase-transfer conditions by the procedure developed by Jeffery, where the addition of quaternary ammonium salts, such as tetraalkylammonium chloride, bromide or hydrogen sulfate
caused an enhancement in both the reactivity
and the selectivity compared to the standard
Heck reaction (28-30). However, in general,
the combination of catalysdbasehalt must be
fine-tuned to obtain optimum conditions (3 1).

Products from the Heck Reaction
The preparation of E-benzylidenesuccinate
diesters via the Heck coupling of aryl halides
and itaconic diesters has been reported.
Subsequent asymmetric hydrogenation of the
Heck product produces chiral2-benzylsuccinic
acid derivatives, which are highly desirable
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chiral building blocks (19).
The “unnatural” amino acid, 2,6-dimethyl-~tyrosine, was synthesised via Heck coupling of
the aryl component 3,5-dimethyl-4-iodo-phenyl
acetate and 2-acetamidoacrylate in acetonitrile
under reflux, to afford the coupling product in
85 per cent yield. An asymmetric hydrogenation followed by hydrolysis then gives the desired
amino acid in 87 per cent yield (32).

Heterogeneous Catalysis
in Heck Coupling Reactions
As palladium has a high susceptibility to poisoning, relatively large amounts of palladium
(1-5 mol%) must be employed to achieve
acceptable conversions. Thus, the use of heterogeneous catalysis is a very attractive industrial alternative to homogeneous catalysis, due
to the ease of recovery (filtration) and recycling
of the metal.
Most examples of the Heck reaction in the literature are of homogeneous catalysis and
describe the use of organopalladium complexes
(usually with phosphine ligands, as previously
mentioned). However, in recent years, as indicated by the quantity of reports in the literature,
there has been a growing interest in the heterogeneous variant of the Heck reaction. There
is still controversy as to the mechanism of this
reaction: whether it is still homogeneous, even
with a heterogeneous catalyst, and has just a
simple dissolution of metal from the catalyst
support. Examples of some systems, which have
been used with varying degrees of success, are
described below.
The regiochemistry of the Heck reaction
catalysed by a supported palladium reagent has
previously been shown to depend on the characteristics of the support material: acidic supports mainly resulting in linear product and basic
materials predominantly giving branched product. Consequently, a catalyst system was developed where the regioselectivityof the Heck arylation could be modified by the application of
an electrical potential to the catalyst (palladiudgraphite) (33).
A palladiudporous glass catalyst has also
been used for Heck couplings, with palladium
9
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loadings of between 0.02 and 0.18 per cent (34).
Palladium catalysts supported on glass beads
in ethylene glycol have also been successfully
applied to the Heck reaction, with moderate
yields (27 to 75 per cent) and very low levels
of palladium leaching (35).
Heterogeneous catalysts comprising polymer-supported palladium and clay-supported
Pd-Ph,P-Si have been employed for the coupling reaction (17,36). However, drawbacks to
the Pd-Ph,P-Si systems include the large number of steps required in the preparation and the
use of costly phosphorus and silicon reagents.
A palladium-copper-exchanged montmorillonite K10 clay catalyst has been described,
which can catalyse the preparation of stilbene
from aryl halides and styrenes with yields as high
as 93 per cent (37).
Another polymer-bound palladium catalyst,
(polymer) -phenyl-( 1,10-phenanthro1ine)-palladium(O), has been found to couple various
substituted iodobenzenes and acrylamide successfully, to produce cinnamamides (38). This
polymeric catalyst showed no decrease in activity after 10 recycles. In one example, the polymeric complex yielded the desired product,
whereas the equivalent homogeneous system
showed no reaction after 24 hours at 130°C.
Another novel heterogeneous catalyst system, consisting of palladium-grafted molecular
sieves, has proved very successful for C-C bond
formation (39). For example, n-butyl acrylate
and 4-bromoacetophenone were coupled to
afford the cinnamic acid in 99 per cent yield
after 60 minutes (120°C) with a turnover number (TON) of 5000 using 2 mol% of catalyst.
Other attempts include the use of a palladium species entrapped in various zeolites (40)
and supported Pd(O)/MO. catalysts, where MO.
= MgO, ZnO, CaO, TiO,, SiO, and Al,O, (41).
A different approach has been taken by
Novartis AG, where palladium-catalysed coupling occurred between terminal acetylenes and
alkenes with aryl iodides which were linked to
a polystyrene resin (42).
Furthermore, a palladium/carbon (Pd/C)
catalyst has been employed for arylation reactions of enol ethers (15, 43).
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Fig. 1 Octylmethoxycinnamate, a UV-B
filter which is produced by a heterogeneous
Heck reaction using a PdK catalyst

I

The preparation of commercially relevant compounds via the heterogeneous Heck reaction
has been reported previously (44-46). For example, octylmethoxycinnamate, 3, see Figure 1,
which is the UV-B filter used in sun screens, has
been prepared in up to 92 per cent yield with
a PdC catalyst. Homo- and hetero-substituted
benzophenones, used as monomers and
pharmaceutical intermediates, have also been
prepared (46).
Our interest in the Heck reaction was to investigate further the use of P d C as a catalyst for
the preparation of a variety of products. Results
and conditions for its use will be discussed in
more detail.

Recent Studies into PalladidCarbon

Catalysed Arylation Heck Coupling
Ongoing studies in our laboratory are focused
on the heterogeneous Heck reaction for the formation of substituted cinnamic acids, which are
used as substrates for the synthesis of unnatural
amino acids by the use of phenylalanine ammonia lyase. There have been periodic references
in the literature to the use of P d C for this Heck
arylation, but reports of its use are still quite
limited - in comparison to alternate homogeneous and heterogeneous systems.
Our experiments are typically performed by
the combination of the aryl bromide, an alkene
and NaHCOJNaOH in a solution of NMP/H,O

Scheme IV
2-Acetamidoacrylicacid
undergoing a homogeneous Heck
arylation reactionwith added base
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under nitrogen. The anti-oxidant, 2,6-di-t-butyl4-methylphenol (BHT), is added to the reaction
mixture to inhibit or hinder the polymerisation
of the alkene, which occurs at temperatures
above 70°C; the temperature range required for
successful reaction is 2 100°C (44,46). The catalyst employed is 5 per cent PdC, used in a 1
per cent ratio to aryl bromide. The reaction is
monitored by gas chromatographyuntil the complete consumption of the aryl bromide has been
detected. After removal of the catalyst by filtration, the isolation procedure for the product involves water dilution, acidification and
finally filtration to afford the cinnamic acid product in 64 to 90 per cent yield.
2-Acetamidoacrylic acid has also been evaluated as the alkene substrate in the heterogeneous Heck reaction under similar conditions.
However, in all of the experiments attempted
to date, no evidence of the desired product has
been detected, although this reaction has been
successful under homogeneous conditions, see
Scheme IV (32,47).
A very strict nitrogen atmosphere is essential
for the successful completion of the P d C catalysed arylation of acrylic acid. If air is not completely excluded, the desired product will not
be formed.
The aryl bromides employed in our studies to
date have been 1- and 2-bromonaphthalene,
2-, 3-and Pbromobenzonitrile, Pchlorobromobenzene and 2,4-difluorobromobenzene with
the alkene substrate being either acrylic acid or
2-acetamidoacrylic acid, see the Table. The main
set of reactions are heterogeneousin nature using
P#C, but in some cases the homogeneous variant has been run for comparison purposes. The
homogeneous catalyst systems which have been
employed so far are palladium acetate
with two equivalents of triphenylphosphine or,
alternatively, dichlorobis(tripheny1phosphine)-

lNA

+ ArX

H02C
H

Ar
W(OAC)I12(PPh3)

Base
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Palladium Catalysed Arylation Heck Coupling Reactions"
Aryl bromide

Alkene

Yield,
per cent

PdIC
Pd(OAc),/PPh,
PdIC

70
27
NRb

I-Bromonaphthalene

Acrylic acid

2-Bromonap hthalene

Acrylic acid

PdIC
Pd(OAc),/PPh,

79
81

2-Bromobenzonitrile

Acrylic acid

PdIC

90

3-Bromobenzonitrile

Acrylic acid

Pd/C
Pd(OAc)z/PPh,
Pd(CI)z(PPh&
PdIC

83
68 (49)"
84
NR~

2-Acetarnidoacrylic acid

2-Acetamidoacrylic acid

a
b
c
d

Catalyst

4-Bromobenzonitrile

Acrylic acid

PdIC
Pd(OAc),/PPh,
Pd(CI)z(PPh,)z

64
79
87

4-Chlorobrornobenzene

Acrylic acid

PdIC

68

2.4-Difluorobrornobenzene

Acrylic acid

PdIC

76

All reactions carried out in NMP according to described procedure unless otherwise stated
NR = No reaction
Acetonitrile solvent, triethylamine as base
Acetonitrile solvent, tributylamine as base

palladium(I1). Our initial results have shown
that similar yields can be obtained with either
homogeneous or heterogeneous catalysts in the
arylation of acrylic acid to cinnamic acids. The
homogeneous system also successfully arylated
2-acetamidoacrylic acid in contrast to the heterogeneous system, which was completely unreactive and investigations into the reason for this
are presently being undertaken.

Conclusion
Since its discovery in 1968, the Heck reaction
has progressively become an indispensable tool
for the synthesis of carbon-carbon bonds.
However, the suitability of the Heck reaction for

industrial purposes must be developed. The
applicability of the reaction to asymmetric synthesis adds a further dimension to the study, and
several inter- and intramolecular variants of
asymmetric Heck reactions have been described.
With the homogenous reaction, various levels
of success have been reported in preparing a
selection of natural products, depending on the
chiral ligand used in the palladium complex.
Ongoing studies of the reaction by ourselves
and others are aimed at the elaboration of this
versatile reaction in regard to general reaction
conditions and substrates, and of course the palladium catalyst, where the mechanism of the
heterogeneous reaction is still unknown.
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Improved Adhesion of Platinum to Polymers
Poly(viny1idenefluoride) (PVDF), a polymer
with piezoelectric properties, is extensively used
in IR sensors, ultrasonic transducers, biomaterials and microactuators. Electrodes attached to
the PVDF are conventionally made of copper
and aluminium as they adhere well to its surface.
More suitable inert metals, such as platinum and
gold, with higher work h c t i o n s , which would
prevent current leakage, have not been used
because of their poor adhesion.
Now, researchers in Korea have devised a
method to enhance the adhesion of PVDF to
platinum (S. Han, S. C. Choi, W.-K.Choi, H.J. Jung, S.-K. Koh, K. H. Yoon and H. K. Lee,
J. Muter. Sci. Lett., 1999, 18, (7), 509-513).
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The surface roughness of PVDF sheets was
increased when irradiated with Ar’ ions in flowTorr, and 1 keV potential.
ing oxygen at
A platinum overlayer, -1 00 nm thick, deposited
by ion beam sputtering on the irradiated PVDF
had greatly improved adhesion. The contact
angle between irradiated PVDF and distilled
water dropped from 70”to 31”.
Oxygen atoms may be partly replacing fluoride atoms on the carbon chain of the PVDF;
hydrophilic functional groups related to oxygen
are generated, aided by the ion assisted radiation. The hydrophilic groups may provide
adsorption sites for the platinum metal layer,
which results in enhanced adhesion.

-
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Seventy-fifth Anniversary of the Discovery
of the Platiniferous Merenskv Reef
J

THE LARGEST PLATINUM DEPOSITS IN THE WORLD

By Professor R. Grant Cawthorn
Department of Geology, University of the Witwatersrand, South Africa

The Merensky Reef is a thin layer of igneous rock in the Bushveld Complex
i n South Africa, which, with an underlying layer, the Upper Group 2
chromitite, contains 75 per cent of the world’s known platinum resources. It
was discovered in September 1924 by Hans Merensky, and by early 1926 had
been traced for about 150 km. However, large-scale mining of the reef did not
develop until aproliferation of uses for theplatinumgroup metals in the 1950s
increased demand and price. Successful extraction of metal from the Upper
Group 2 chromitite had to wait until the 1970sfor metallurgical developments.

In 1923 platinum was discovered in the
Waterberg region of South Africa, and alerted
geologists to its presence there, see Figure 1. At
that time world demand for platinum was not
great, and the economic slump during the years
of the Great Depression, which followed soon
afterwards, reduced demand and price still further. Consequently, the discovery in 1924 was
almost before its time.
Platinum, like gold and diamonds, has a high
density and forms stable minerals, which accumulate at the sandy bottoms of streams and

rivers. In early June 1924, a white metal was
panned in a stream on a small farm called
Maandagshoek, 20 km west of Burgersfort, see
Figure 2, by a farmedprospector called Andries
Lombaard. Suspecting it was platinum, he
sent it to Dr Hans Merensky for confirmation.
Hans Merensky was a consulting geologist and
mining engineer in Johannesburg. Together,
Lombaard and Merensky followed the “tail” of
platinum in their pan upstream into some hills
on Maandagshoek, where they finally found
platinum in solid rock on 15th August 1924.

Fig. 1 Geological map
showing where the layers of
the Bushveld Complex are
exposed on the surface, and
where platinum is found.
The fwst diseovery was in the
Waterberg in 1923, followed
by the pipes at Mooihoek,
Driekop and Onvcrwacht,
and the Merensky Reef
on Maandagshoek in 1924.
From there Merensky traeed
the Reef north and south.
In 1925 he moved to
Potgietersrus where he found
a similar layer, the Platreef,
and during1925and1926
explored the western arc near
Rustenburg
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Fig. 2 Panning for platinum in
a stream on Mooihoek in the
western Bushveld. Dr Hans
Merensky, the discoverer of the
largest platinum resource in the
world, is in the centre of the
group
Taketi from “Look Beyond the Wind” by Olga
Lchmanu, published by Howard Timmins,
rapeT~~~~

The Bushveld Complex is
the huge root of an ancient
volcanic region. As the lava
inside the earth slowly cooled
and crystallised, different
minerals formed and accumulated on the floor
of the chamber beneath the volcanoes. The layers appear as an 8 km-thick stack of enormous,
thin saucers, the edges of which protrude from
the surface in two arcs. This basic shape of the
Bushveld Complex was already well established
by 1924, and in fact, some platinum had been
reported in the chromite layers, but at that time
it was not economic to mine.
After their Maandagshoek discovery, Lombaard
and Merensky found similar platiniferous rocks
on Mooihoek and Driekop. They concluded
that they were looking at a layer of rock (one
of the “saucers”) which, because it was more
resistant to erosion than those above and below,
stood out as a line of prominent hills. They
referred to this supposed layer as the Kopje Reef.
Not content with one ore body, they searched
for other layers, and found one in early

September 1924, only 2 km to the west. This
layer proved to be more easily traceable, even
though it did not form a prominent topographic
feature, but it was more regular in grade. This
layer became known as the Merensky Reef, see
Figure 3.
Within months of identifying the first outcrop
of the Merensky Reef, they had traced it for

Fig. 3 Section through the Merensky Reef mined near
Rusteuburg. There is a lower, white, poorly rniueralii
layer. Then follows a thin layer with minute black dots
which are ehromite and eontains abundant platinum.
The layer with prominent black and white patches
is called pegmatoidal pyroxenite, with yellow nickel
and copper sulfides, and contains less platinum. Near
the top is another layer of fine blaek chromite dots
also rich in platinum. The vertieal scale is 40 em.
However, the minimum mining width is 80 cm, so a
considerable thickness of poorly mineralised rock has
to be extracted as well as the thin reef
Pddbhed with permianionof the Couocil for Minerd Technology, Kmdbwg,
South Africa
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Fig. 4 View of the Atok platinum mine
looking north. The mine lies in the
Bushveld Complex about 80 km north
west of Maandagshoek, the site of the
discovery of platinum
Published with p m i e s i o n of Anglo Amnicrn Platinum
Corporatiuri Limited

80 km. Still not content, Merensky moved to
other places where the Bushveld Complex crops
out. In 1925 he identified platinum mineralisation, now called the Platreef, at Potgietersrus,
and shortly afterwards traced it from near
Pretoria, through Rustenburg, to Thabazimbi
- by 1926.
The only other platiniferous ore to be identified in this region is in the Upper Group 2
chromite layer, 40 to 200 metres below the
Merensky Reef. However, before this could be
successfully exploited - in the 1970s - major
metallurgical challenges had to be overcome.
Ironically, towards the end of 1925, further
exploration and mining revealed the fact that
the Kopje Reef “layer” was not actually a layer,
but a series of vertical, conical pipes, totally
unconnected near the surface. Hence,
Merensky’s discovery of the greatest platiniferous ore body in the world may have been based
on an incorrect interpretation of the geometry
and geology of the first, small patches of mineralisation.
There may be an alternative explanation for
Merensky’s thoughts as his prospecting progressed. In an article in the SouthAfrican Mining
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and EngineeringJournal, dated 10th
January 1925, he reported that the
initially panned sample sent to him
by Lombaard contained “gold and
platinum”, and his description of
the mineralisation in the Merensky
Reef, in the same article, referred
to “gold, and above all, platinum”.
Why did Merensky place such
emphasis on gold, when it was a
relatively small fraction of the total
precious metal content? None of the vertical
pipe ore bodies of the Kopje Line contains gold,
although the Merensky Reef does in fact have
a modest gold content. The panning and sampling of the Kopje Line would have produced
plenty of platinum, but no gold. Instead of
euphoria at finding platinum mineralisation in
the Kopje Line, did Merensky realise the significance of the absence of gold? Did he then
realise that these pipes were not the source of
the panned gold, and thus perhaps not the source
of the platinum either? If so, is this the reason
why he immediately extended his search beyond
the Kopje Line, until he found the ore body
which contained traces of gold? Therefore, using
gold traces to identifyplatinum mineralisations,
may be why, four months after his momentous
discovery, he writes of gold before platinum in
his reports, even though what he had discovered and was describing is the greatest platinum
resource in the world.
Merensky died in 1952, before platinum came
to be extensively exploited, so he did not live to
see the great contribution that his discovery of
platinum, in the reef named after him, was to
make for the benefit of mankind.
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The Sixth Grove Fuel Cell Symposium
FUEL CELL DEVELOPMENT FOR EVERY POWER SUPPLY NEED

By Donald S. Cameron
The Interact Consultancy, Reading, England

Fuel cells represent the largest single potential market for platinum group metals in the next
century if, as appears increasingly likely, they
are successfully developed for road vehicles and
stationary power generators. The technology
has made considerable progress in the ten years
since the first Grove Symposium was held and
is rapidly gathering momentum, aided by financial and technical support from many leading
companies in the transport and power supply
industries.
The Sixth Grove Fuel Cell Symposium was
held in London from the 13th to 16th of
September 1999. The Grove Symposium is well
established as one of the principal world gatherings for the fuel cell community, and attracted
nearly 400 delegates from 33 countries, almost
half from outside Europe, to hear invited papers
from representatives of industry and universities on all aspects of fuel cell developments and
utilisation. In addition to the developers and
researchers, notable at this Symposium were the
number of representatives from major oil companies, motor manufacturers, and gas and electricity suppliers, many of whom are participating in ventures to develop commercial
products.
The theme of this Symposium, “Fuel Cells The Competitive Option for Sustainable Energy
Supply” was chosen to examine the progress
made in developing these highly efficient power
generators. It was also aimed at identifying some
of the potential markets and opportunities, and
at highlighting new developments and demonstration programmes.

from outside the fuel cell community provided
their own perspectives of the background in
which fuel cells are being developed.
The views of the United States Government
were outlined by B. McNutt of the Department
of Energy, those of a gas supply utility by M.
Tallantyre of BG Technology, and J. Gummer
M P spoke from a political standpoint. T h e
debate was then thrown open to questions and
comments from the audience. It was generally
agreed that while improved energy efficiency
and pollution characteristics are highly desirable, any successful device will need to demonstrate positive benefits to the consumer. Since
the Kyoto Global Climate Conference of
December 1997, there has been a commitment
to reduce greenhouse gas emissions as well
as other pollutants. This can only be met by
fundamental changes in lifestyle by the developed nations or by the introduction of new
technology.
The keynote lecture was given by H. Jsrgen
Koch, of the International Energy Agency, who
posed some of the challenges facing mankind.
Firstly, crude oil supplies are expected to peak
within the next forty to fifty years. In order to
meet a forecast growth rate of 2 per cent per
annum in fuel consumption, it will be necessary
to produce an increasing proportion of energy
from sustainable sources. Moreover, in order to
make a substantial impact on greenhouse gas
emissions, existing energy supplies will have
to be consumed more efficiently. To achieve this,
it will be necessary to take immediate and sustained action to implement new technology.

Energy Conservation

Grove Medal
The fifthplatinum Grove Medal was presented
to Bernard S. Baker, who has devoted his entire
professional career to developingand promoting

The Symposium was preceded by a Workshop
entitled “Fuel Cells - the New Dimension in
Energy Conversion?” Three invited speakers
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fuel cells. As President of Fuel Cell Energy (until
earlier this year called Energy Research
Corporation) from 1970 to 1997, Bernie Baker
directed research and development on a variety
of fuel cells, batteries and hybrid systems. Many
of the concepts pioneered by Energy Research
Corporation, including molten carbonate fuel
cells incorporating internal reforming, are still
actively being developed.
The first day of the Symposium saw BG plc
and Alstom announce an agreement to work
together to exploit natural gas fuelled proton
exchange membrane (PEM) stationary power
generation systems internationally. The two
companies will also co-operate to develop a natural gas processing system. In December 1997
Alstom reached an agreement with Ballard
Generation Systems of Canada, which provided
the basis for these two companies to introduce
stationary PEM fuel cell systems into the evolving world energy business.

Fuel Supplies and Processing
The operation, performance and durability of
several types of fuel cells have been extensively
demonstrated, and emphasis has now moved to
detailed improvement and cost reduction of
stack components. Other work is being concentrated on the “balance of plant” which constitutes the remainder of the system, and is a
high proportion of the total cost. The ability
to convert (or reform) other fuels into hydrogen, which is consumed by the fuel cell stack,
is critical to their success.
Most reformers and their associated gas treatment systems utilise supported platinum group
metal catalysts. In the case of existing gasoline
and diesel reformers, the pre-treatment and
post-treatment plant is often considerably bulkier
than the reformer itself, a problem which is currently being addressed.
W. Heuer of DaimlerChrysler A.G. described
efforts by a consortium of car, truck and energy
producers, in collaboration with the German
Government, to identify renewable energy
sources for the next century. From an initial list,
five potential fuels were selected, and their production steps subjected to close examination.
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Two fuels: compressed hydrogen and methanol
have been chosen and, fortunately, both are
prime candidates for use in fuel cell systems.
The selected method of hydrogen generation is
by the electrolysis of water using wind, wave
or hydroelectric power. There is well established
technology to improve the efficiency of the electrolysis process by catalysing the electrodes with
small amounts of platinum, and this represents
another large potential market for this metal.
Compact reformer technology is critical to
building fuel cell power plants for cars. S. G.
Chalk of the U.S. Department of Energy
described their collaboration with the American
motor industry in the Partnership for a New
Generation of Vehicles (PNGV), to develop vehicles capable of carrying 6 passengers at 80 miles
per gallon. Effort is currently centred on designing micro-channel steam reformers, which it
is hoped, will enable the use of gasoline as a fuel
for hydrogen generation. In parallel, the PEM
stacks which are being used have been made
more tolerant to carbon monoxide in their feed
gas, and costs are being reduced by switching
to moulded graphite separator plates in the stack
construction.
As a prelude to his talk “Fuel Reforming with
Shell’s Catalytic Partial Oxidation (CPO)
Technology”, H. P. C. E. Kuipers of Shell
Global Technology described the reasons why
Shell is participating in programmes to develop
fuel cells. H e emphasised that although crude
oil supplies are expected to last for a considerable time, they will become progressively more
difficult to extract, and by 2050 roughly half of
all energy consumed will need to be from renewable sources. Shell is collaborating with Daimler
Benz Ballard (dbb) to develop a partial oxidation system which will enable a range of fuels
including gasoline to be reformed into a hydrogen-rich gas which can be used to supply PEM
fuel cells. The operating characteristics of this
platinum-catalysed system are such that a reactor with a catalyst volume of only 100 millilitres could supply the requirements of an
automobile-scale fuel cell.
In his talk entitled “The CAPRI Project Advances in Methanol Reforming for Transport
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Electricite de France, Hamburgische
Electricitatswerke, PreussenElecktraand VEAG
is carrying out the first demonstration of a
250 kW PEM fuel cell in the Treptow region of
Berlin. M Pokojski of Bewag explained that the
system works on reformed natural gas at 4 bar,
using a turbo-compressor to minimise parasitic
power requirements. The system is being supplied by Alstom in collaboration with Ballard.
Installation and commissioning is planned for
late 1999, with the intention of using waste heat
for general domestic heating.
R. J. Nowack of the United States Defense
Advanced Research Projects Agency @ M A ) ,
spoke of the need for portable power systems
for military and civilian applications.Apart from
larger generators for military bases, modern
fighting soldiers have a wide range of equipment
which needs electrical power, preferably with
low heat and sound emissions to minimise detecFuel Cell Technology
tion. DARPA is supporting development of a
Proton Exchange Membrane Fuel Cells
The feasibility and durability of platinum-catal- number of fuel cell systems includingsmall PEM
ysed PEM fuel cells has been amply proven, and cells with reformers. As an alternative to batmany of the projects described at the Grove teries, PEM fuel cells in combinationwith hydroSymposium are aimed at improvements in sys- gen stores based on lithium aluminium hydride
tems design, and also demonstration trials. give an astounding 400 watt hours per kilogram
Several presenters described installations of of power. DARPA is also supporting research
PEM fuel cells in domestic and small industrial on direct methanol fuel cells; this was described
applications, while others are carrying out car later by S. Gottesfeld of Los Alamos National
or bus scale vehicle trials. All low-temperature Laboratories.
In his talk entitled “Fuel Cells - Going Onfuel cells are dependent on platinum for eficient operation, and in the past few years enor- Board” G. Sattler of Ingenieurkontor Liibeck
mous progress has been made in reducing the (IKL), explained that IKL have studied options
platinum group metal content and in increas- for using fuel cells on merchant and naval suring the power density from the electrodes to face ships in a range of applications, but most
make them economically viable for mass pro- of these are not likely to be fulfilled in the foreseeable future. However, trials of fuel cell power
duction.
Guido Gummert of Hamburg Gas Consult plants are being carried out in surface ships in
described how their consortium has installed Germany, Italy, the U.S.A. and the United
fuel cells for residential power generation with Kingdom.
Air-independent propulsion (AIP) systems
heat recovery systems. In collaboration with
American Power Corporation, they have devel- developed b y IKL are now being installed in
oped small individual power plants based on submarines. PEM fuel cells are used in conPEM fuel cells and are now engaged in on-site junction with liquid oxygen tanks and hydrotrials. The generators are capable of providing gen stored in the form of metal hydrides. Started
3.5 kW of electrical power and up to 8 kW of in 1998, six class 212 vessels have been under
construction at Howaldtswerke-DeutscheWerft
heat, depending on seasonal requirements.
Bewag Aktiengesellschaft, in collaboration with A.G. (HDW) for the German Navy, and another

Applications”, A. Konig of Volkswagen A.G.
described how a consortium consisting of
Volkswagen, Volvo, Johnson Matthey and ECN,
are collaborating to build methanol-fuelled
reformers with outputs of hydrogen capable of
operating 15 kW PEM fuel cells for vehicle traction applications. The technology is based on
the Johnson Matthey “HotSpotrM”reformer and
gas clean-up systems.
For military applications, it has become apparent that it will be essential to develop systems
which will operate on diesel or jet propulsion
fuels since these are the only supplies in the
logistics network. Several speakers emphasised
the fact that for every tonne of fuel consumed
on the battlefield, some 5 or 6 tonnes are used
to transport it there, and any savings are therefore multiplied in proportion.
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An ONSI PC25C fuel cell
installed by the DoD at Fort
Richardson in Ancorage,
Alaska. Many similar fuel cells
are being operated in different
climates worldwide, 80 that their
range of performances under
various conditions can be
assessed
By euurte*y or the US. Army

Cwpx of

EnEinera

two are being built for the Italian Navy at La
Spezia. The complete system fits into an additional section of hull, which can also be installed
in existing submarines to improve their underwater capabilities. The metal hydridehquid oxygen system is acknowledged to have limitations
in energy storage capability, and work is in
progress to develop a hydrogen supply based on
reformed methanol.

Phosphoric Acid Fuel Cells
Phosphoric acid fuel cells are one of the few
systems which are commercially available for
trials, and some of these demonstrations have
been described in previous issues of Platinum
Metal Review (1). Considerable numbers of
phosphoric acid fuel cells are being evaluated
worldwide, particularly in America, Japan and
Europe, mainly using the PC25 type 200 kW
generators made by ONSI Corporation. These
platinun-catalysed fuel cells operate on reformed
natural gas, and are suited to combined heat
and power applications.
Since 1993, the United States Department of
Defense has been carrying out trials of PC25
power plants as possible replacements for outdated equipment at military facilities. M. J.
Binder of the U.S. Army Construction
Engineering Research Laboratory (USACERL)
described how a total of thirty of these units
have been installed on army, air force and naval
bases in climates ranging from desert to arc-
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tic. The sites have been selected to expose the
power plants to some of the most challenging
operating conditions which a military generator might encounter in service. Applications
include combined heat and power, with central
heating at eleven sites, seven hospitals, and three
swimming pools and gymnasia. USACERL has
monitored performance and failure modes, and
a modification programme has been implemented by ONSI to correct deficiencies which
have been revealed. Monitoring of the pollution
characteristics of the fuel cells at several sites
indicates that in nearly all cases, emissions are
considerably lower than the maximum quoted
limits. The trial is proceeding, and despite the
rugged conditions the fuel cell generators continue to perform with improved reliability
following the various modifications.

Solid Oxide Fuel Cells
Solid oxide fuel cells operate at temperatures
around 1000°C,which means that they are capable of reforming hydrocarbon fuels into hydrogen-rich gas streams, without an external
reformer. Many of the catalysts used for these
internal reforming reactions incorporate ceramic
supported platinum group metals.
R. A. George of SiemensWestinghousePower
Corporation described their trials of a 100 kW
field test unit in the Netherlands which incorporates internal reforming of natural gas. The
fuel cell stack is built up from a total of 1 152
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tubular-shaped single cells arranged in bundles. lems encountered at the operating temperature
It is currently operating at 127 kW direct cur- of around 650°C. Possible means to overcome
rent electrical output representing 53 per cent these have been devised, but have yet to be
efficiency, and is providing hot water for district demonstrated in long term trials, bearing in
heating. The trial will continue to obtain the mind that a minimum stack life of 40,000 hours
is needed. T. Ishikawa of the MCFC Research
maximum of data.
The performance of solid oxide fuel cells is Association of Japan described the construction
improved by operating at elevated pressures. of a 1 MW power plant in Japan. Construction
Solid oxide fuel cells are being considered for started in 1995, and trials with the complete
use in combination with gas turbine generators, system including four 250 kW MCFC stack
with the fuel cell replacing the combustion sec- modules have now begun. To date, power outtion of the turbine. Compressed air is fed to the put has been progressively increased to 900 kW.
fuel cell, where it is heated and returned to the The trials are due to last for 5000 hours, and
turbine expansion section. By this means, power the plant is expected to operate at 45 per cent
is obtainable both from the turbine and the fuel overall efficiency on liquefied natural gas using
cell. Siemens Westinghouse are building a 220 an external reformer system.
kW unit, with a 170 kW fuel cell in combination with a 50 kW gas turbine. Operating on Posters
The Symposium attracted a record number of
natural gas, the fuel to electricity efficiency is
forecast to be 60 per cent, with the fuel cell run- poster presentations, several of the systems
ning at 3 bar pressure. Modelling studies have described by the six poster winners use platindicated that pressure transients will need to inum group metals either in the fuel processing
be carefully controlled for the successful oper- section or the fuel cell itself. The majority of the
posters, together with the invited papers will be
ation of the system.
Theoretical studies have shown that the high published in a special edition of the Journal of
temperature of solid oxide fuel cells should make Power Sources.
them capable of reforming an excess of natural gas into a hydrogen-rich stream which can The Future for Fuel Cells
The current status of fuel cell development
be utilised in a PEM fuel cell or as a chemical
plant feed gas. H.-E. Vollmar of Siemens A.G. was summarised by Gary Acres, Chairman of
described how this concept is being explored the Symposium in his concluding remarks.
experimentally,with solid oxide fuel cells show- Recent emphasis on reformers and overall sysing no signs of deterioration even at cell volt- tems has led to considerable advances in the
ages as low as 0.5 volts, when more hydrogen technology. The industry has overcome the myth
than power is generated. A similar combination that the supply of platinum might not be suffiof solid oxide and PEM cells has been modelled cient to meet demand should fuel cells become
by B G Technology and Intensys Ltd., as poster widely used. This has been helped in the case
prize winner, A. Dicks, explained. The system of the PEM fuel cell by drastically reducing the
offers considerable flexibility in terms of which platinum loading on the electrodes and, at the
type of fuel cell produces most power, and offers same time, by increasing power densities, making them economically more viable.
overall efficiencies in excess of 60 per cent.
The huge investments being made by the automotive and oil industries to mass produce fuel
Molten Carbonate Fuel Cells
J. P. P. Huijsmans, of ECN presented an analy- cell powered vehicles are likely to reduce capisis of the endurance issues facing molten car- tal costs, particularly of PEM fuel cells which
bonate fuel cells (MCFC). These mainly arise are preferred for mobile applications. This
from the corrosive nature and volatility of the will in turn will favour their implementation
electrolyte, combined with other materials prob- in stationary power applications.
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Several factors, including the gradual phasing
out of giant central power stations, combined
with increased use of natural gas for power generation, and liberalisation of the power market
all favour fuel cells. With many nuclear power
stations reaching the end of their lives, there is
a need to replace them with power generation
systems which d o not create large amounts of
greenhouse gases.

technology is being so actively researched,
promoted and is becoming successful. The use
of fuel cells for all aspects of power supply is
gradually occurring and the next few years will
reveal whether their long awaited promise will
be fulfilled.
It is anticipated that the Seventh Grove Fuel
Cell Symposium will take place in London in
September 200 1 .

Overview
In overview, it is now clear that all the key
players involved in the fuel cell industry are now
assembled. There are many reasons why this

1
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Carbonylation Reactions Using Platinum Metals Catalysts
Journal of Molecular Catalysis A: Chemical: Recent Acliievernents in Carbonylation Reactions
GUEST EDITOR: PHILIPPE KALCK, 1999, Special Issue, Volume 143, Numbers 1-3

This special edition of the Journal of Molecular
Catalysis A: Chemical is devoted to carbonylation and covers recent significant contributions
to the field in several important research areas:
(i) water soluble catalysis; (ii) reaction mechanism and rational design of ligands; (iii) exploration of new catalytic systems and; (iv) synthesis of fine chemicals. Approximately 85 per
cent of the 32 articles deal with carbonylation reactions using platinum group metals
as catalysts.
In the area of biphasic catalysis, Boy Cornils
reviews the field with special emphasis on
processes involving carbonylation, such as the
manufacture of n-butyraldehyde from propylene via hydroformylation and the synthesis of
phenylacetic acid using benzyl chloride as the
starting material via hydrocarboxylation. F.
Bertoux and co-workers emphasise the industrial and academic importance of biphasic
hydrocarbonylation of organic halides, alcohols
and olefins, and in a second contribution
describe findings that the addition of polyvinyl
alcohol and salts improves the thermal stability of water soluble catalysts in hydrocarbonylation.
The investigation of homogeneous catalyst
structure and mechanism remains an active area
of interest. A molecular modelling study by R.
Paciello and co-workers reports on the relationship between ligand structure and catalyst
activity for the rhodium catalysed hydroformylation of alkenes. M. Dieguez and colleagues
also investigate hydroformylation and the influence of pressure, temperature and chelating ring
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size for structurally related bisphosphines.
An important area covered by this journal is
that of new catalytic systems and reactions. An
interesting paper by M. C. Bonnet and colleagues reports on the palladium catalysed
chlorocarbonylation of olefins using carbon
monoxide and hydrogen chloride to yield acyl
halides. J. S. Kim and co-workers report the first
example of the catalytic formation of polyamides,
a high strength polymeric material, from aryl
chlorides, diamines and carbon monoxide. The
reaction is catalysed by palladium.
The final topic area to be covered is fine chemical synthesis. E. M. Campi and co-workers
describe the synthesis of fused 6,7 oxygen heterocyclic compounds via hydroformylation.
These compounds could be used in the synthesis of cyclic polyether natural products.
M. Sperrle and colleagues used cationic palladium complexes containing chiral ligands to
catalyse the enantioselective bis-alkoxycarbonylation of 1-olefins to substituted succinates;
these compounds have application as intermediates to pharmaceuticals. E.-I. Negishi and coworkers report a study that details the scope
of the synthetically useful intramolecular trapping of acylpalladium compounds with 0enolates.
Overall, this issue covers recent developments
in the area of carbonylation well, with relevant,
up-to-date articles from a good cross-section of
contributors and research topics. Practitioners
in the field will find the sections on new reactions and applications in synthesis of particular
interest.
S. H. ELGAFI
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Optical Response of Thin Supported
Palladium Films to Hydrogen
NON-DESTRUCTIVETESTING FOR HYDROGEN DETECTION

By C. Christofides, K. Kalli and A. Othonos
Department of Natural Sciences (Physics), linkersit! of Cyprus, Nirosia. Cyprus

Many variants of hydrogen gas sensors, based
on the interaction between palladium metal and
hydrogen gas, have been demonstrated in recent
years, and the growing use of hydrogen as a raw
material has promoted further activity in this
area. This general interest led to our original
motivation. Prior research, described in the literature, has been directed towards fabricating
"sensors-on-a-chip", by measuring changes in
the electrical properties of thick palladium layers upon exposure to hydrogen: for example,
values of their resistance or capacitance; the
advantage here being that a signal is derived in
an electrical form (1).
Signal recovery from sensors, based on direct
electrical measurements, demands a continuous and hence a thick (> 100 nm) palladium
film, which can be characterised in the range
where bulk palladium properties dominate.
These bulk properties are well understood ( 2 ) .
However, our research took a different direction - by examining the response of extremely
thin (- 10 nm) palladium layers, in which deviations from bulk behaviour are known to occur,
and we investigated properties of thin palladium
film on silicon dioxide/silicon substrates,
Pd-SiOJSi(3). As the electrical properties of
very thin palladium films cannot be measured,
due to the highly discontinuous nature of the
films resulting from the low level of surface coverage, we turned to the use of simple laser diagnostic techniques (4). Our goal was to examine
the performance of devices that might be compatible with the present day silicon-driven revolution in technology and with the use of lasers,
thereby achieving a simple "sensor-on-a-chip"
device, which would directly incorporate the
sensor, source and detector in one component.
In our experiments to date we have measured
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changes in the absolute reflectivity of Pd-SiOz
films upon exposure to various concentrations
of hydrogen gas as a function of temperature,
see Figure 1 ( 5 ) .

Palladium-Silica/Silicon Structures
Silicon wafers (p-type 5-13 ohm cm) were
cleaned, prior to palladium evaporation, by a
standard technique. A layer of silicon dioxide
was formed, by oxidation in dry oxygen at
11OO'C, to a thickness of 100 nm. This process
was followed by a 15 minute anneal in argon
at the same temperature. Palladium was then
evaporated onto the silica samples, which were
kept at room temperature during the process.
The Pd/SiOz film was not annealed before measurements were taken. The background pressure during the evaporation was 10 ' Torr, for
a deposition rate of 2 to 3 A per second.

-

lnleIlexha"S1 ports

Opllcal
chopper

Fig. 1 Schematic diagram of the optical
measurement technique. The test cell is
equipped with inlet and exhaust ports to allow
for the cycling of gas mixtures. The sample held
in the test cell is a palladiumlsilicalsilicon
thin film of area 1 em x 1 em held at room
temperature and ambient pressure. The laser
emits light of wavelength 632.8 mn. L are lenses
and M are mirrors

155

e

:: 35k
30.

>-

t

5 25u
:: 2 0 I

-

0 67%

'%

15-

2

1

10-

1

1

5-

u

'

0
4

SO

100
1%
m0
TIME, m i n ~ t e 6

250

0,
04

Fig. 2 The fractional change
in reflectivity as a function of
hydrogen eoncentration in air
for an 8 nm thick Pd-Si02
film. The a -+ p phase transition occurs at a hydrogen
Concentration of 2 per cent.
The inset shows a typical
example of the decrease and
increase in reflectivity upon
exposure to hydrogen and air,
respectively. The change in
slope occurs 4 minutes after
exposure to hydrogen, for a
gas flowing into the cell at a
rate of 160 ml min-'. Values
4, 3 , 2 per cent, etc., are the
amounts of hydrogen in air
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Measuring the optical properties of thin metal
films is a complex issue, as they are very sensitive to the film deposition conditions and thickness, with the morphology and roughness of the
film varying with thickness. Nevertheless, measuring the reflectivity of the film can prove to
be a powerful and simple technique for deriving changes in the sample thickness. The
absolute reflectivity, as a function of film thickness, is found to have a characteristic form (this
is generic to all thin metal films regardless of
the metal type) and can be classically modelled
as a three-layer system (gas-metal-substrate)
which behaves well, even for very thin nanometre-scale films.
The changes in the properties of the metal film
depend on the exposure conditions to a particular gas, and can be derived from variations
in the effective thickness of the film. Changes
in the effective film thickness directly affect
the phase of the light passing through the metal.
The thickness variations also cause changes in
the Fresnel reflection coefficients. However,
in our case the film thickness is close to the penetration depth of the laser and changes to the
phase of the light is the dominant factor.
The exposure of 8 nm thick Pd-SiO, films to
hydrogen concentrations exceeding 2 per cent
in air (at room temperature and pressure) produces a fractional decrease in reflectivity of up
to 35 per cent. Purging the system with air
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to remove the hydrogen gas results in the
complete reversibility in the signal change.
The fractional change in reflectivity (FCR)
is proportional to the hydrogen concentration
both above and below 2 per cent, but with different slopes. Above a hydrogen concentration
of 2 per cent, the FCR response is linear but
almost flat, whereas, below 2 per cent the palladium exhibits a large increase in FCR response
with increasing hydrogen concentration, and
remains linear. The key result therefore is the
observation of the room temperature changes
in the composition of PdH, which produce
changes to the FCR.
T h e palladium-hydrogen system has two
phases, the a- and P-phases, with a mixed phase
region at room temperature, for which the aphase extends to values where x = 0.015 and
the P-phase to x = 0.58 (2). The (3-phase marks
a transition point at which the palladium crystal lattice undergoes a significant transformation with hydrogen concentration, see Figure 2.
Therefore the a + P phase transition occurs
at 2 per cent hydrogen concentration in air, causing the lattice to expand and thus allowing for
further clustering of hydrogen at high densities.
We have observed this phase transition for palladium film of thickness between 3 and 30 nm.
However, for films of thickness 1 to 2 nm, the
graph of FCR with hydrogen partial pressure
is linear and of constant slope at all measured

-
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hydrogen concentrations, indicating that the sample is constrained to operate well within the aphase, as there is plainly not enough material
to allow for a comprehensive lattice expansion.
This results from the island nature of the film.
We have also observed that for palladium films
with thickness exceeding 30 nm, there appears
to be a catastrophic failure in the response; this
can be linked to the dimensional changes associated with the transition to the P-phase hydride.
The primary application of this technique of using the fractional changes in reflectivity
of palladium thin films to observe changes in
the hydrogen content in the surrounding gas will be for sensing various gases and monitoring the rate and degree of surface contamination of the thin sensing film. The laser technique
can be applied to any gas-metal system.
We conclude by noting that this very simple

technique, namely monitoring the FCR of
palladium films exposed to various hydrogen
gas concentrations at room temperature and
pressure, can recover important information
regarding the properties of palladium thin
films which would be impossible to make via
electrical measurements.
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High Surface Area Porous Platinum Electrodes
Electrodes with high specific surface areas are scanning tunneling microscopy. The system
needed in batteries, fuel cells and sensors for could be used to fabricate Pt quantum dots of
good efficiency and to aid in the production of nanometre diameters for single electron devices.
small size devices. High surface area electrodes
can be produced by controlled electrodeposition, by using the pores in lyotropic liquid crys- MOCVD of Platinum Metals Films
The deposition of thin metallic and oxide films
tals, by thermal decomposition of a precursor
or by sputtering, the latter being suitable for of platinum group metals via metal-organic
chemical vapour deposition (MOCVD) is used
complex objects.
Now, scientists in the U.S.A. have studied for electronics, catalytic materials and advanced
highly porous sputtered platinum dioxide, a- coatings. However, the films can be contamiPtO,, films as the precursor to high surface area nated with impurities if precursors such as
are used and the
platinum electrodes (L. Maya, G. M. Brown Pt(PF3)1and (C3H,02PtMe,)2
and T. Thundat,J. Appl. Electrochem., 1999,29, MOCVD process has not removed them.
Now, scientists have synthesised a new pre(7), 883-888).
PtOz films 2-4 pm thick, were prepared by cursor: methylcyclopentadienyl-(q’-ally1)platreactive sputtering using oxygen-argon, and then inum for platinum deposition (G. Rossetto, P.
reduced to Pt either by room temperature expo- Zanella, G. Carta, R. Bertani, D. Favretto and
sure to a hydrogen-argon mixture or by elec- G. M. Ingo, Appl. Organomet. Chem., 1999,13,
trochemical reduction. For comparison, Pt films (7), 509-5 13). High quality and purity Pt films
were also produced by sputtering in pure argon. were deposited, probably due to the methyl-subcyclopentadienyl ligands being good
The reduced films had density of 3.4 g ~ m - ~ stituted
,
while the argon-sputtered films had density 16.3 leaving groups.
MOCVD has also been used to grow epitaxig ~ m -The
~ . microstructure of the precursor films
was porous and remained porous on reduc- ally conductive ruthenium dioxide thin films on
tion in hydrogen, which suggests a potential use LaA103(100)and MgO( 100) crystal substrates
(P. Lu, S. He, F. X. Li and Q. X. Jia, Thin Solid
as high specific area electrodes.
Electrochemicalreduction of the oxide-derived Films, 1999,340, (1,2), 140-144). Bis(cyc1openfilm showed Pt, oxide and the gold substrate, tadieny1)Ru was the precursor and oxygen the
which indicates it may be possible to used plat- reactant gas. The deposited films were crackinum dioxide as a medium for maskless gener- free, adhered well to the substrates and had room
ation of microscopic metallic Pt features using temperature resistivity of 40-50 pi2 cm.
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The Chernistrv of the Platinum Metals
J

A REVIEW OF THE SEVENTH INTERNATIONAL CONFERENCE

By C. E J. Barnard
Johnson Matthey Technology Centre

and W. Weston
Chemicals Development, Johnson Matthey, Royston

The latest i n this well-established series of ronferertces on the chemistry of the
platinum group metals, orgartised by the Dalton Division qf’the Ko.ral Soriety
of Chemistr-y w a s held at the University of Nottinghana, U.K . , f r o m 25th to
30th J d y , 1999. Approximatdy 250 delegates,from around the iuorld heard 46
plenary and invited lectures and viewed 120 posters illustrating ..few of the
many topics being researched i n the platinum metals.

After a welcome by Professor Martin Schroder
of the University of Nottingham, the introductory plenary lecture was given by Professor B.
F. G. Johnson (University of Cambridge, U.K.)
who described the background and current state
of nanoparticle research within his group. The
properties of nanoparticles produced can be
altered by surface modification, achieving control of their binding to surfaces and offering possibilities for their use as single electron devices
in microelectronics.
The ruthenium ring opening metathesis polymerisation (ROMP) catalysts (I) described by
PCY 3

Professor R. H. Grubbs (California Institute of
Technology, U.S.A.) are tolerant of a wide range
of functional groups, which also leads to application in ring closing metathesis reactions of
interest to the pharmaceutical industry.
However, these catalysts react more slowly than
early transition metal catalysts, such as those
based on molybdenum. Since activation of the
ruthenium catalyst involves phosphine dissociation, complexes where one phosphine ligand
has been replaced with an N-donor ligand were
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prepared - imidazoline-2-ylidenes being suitable ligands - and these complexes (11) have
R- N/-\N

Y
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,I

c,l

-R

1

/ Ph

I

H‘

Ru = C
PCY3

reaction rates comparable to those of molybdenum ROMP catalysts. Grubbs also described
work on olefin polymerisation aimed at developing catalysts’ tolerance of a range of functional groups.
Theoretical studies of olefin polymerisation
were described by Professor T. Ziegler (University
of Calgary, Canada) who had made calculations
using approximate density function theory
(DFT) to look at the energetics of termination,
isomerisation and insertion as competing
processes for the reaction intermediate. The
introduction of increasing steric bulk in diimine
ligands on palladium or nickel (Brookhart catalysts) makes insertion more favourable than termination, thus increasing the molecular weight
of the polymer obtained. These calculations are
now being extended to copolymers. Professor
0.Eisenstein (Universite de Montpelier, France)
described thermodynamic calculations for ruthenium olefin complexes and relative energetics of
isomerisation and insertion reactions.
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B. Milani (Universita di Trieste, Italy) reported
studies of CO/styrene copolymerisation using
Pd complexes containing dinitrogen donor ligands, in particular phenanthroline complexes
[Pd(R-phen),] [PF,],. Bulky substituents (such
as isopropyl) at the 3-position of the phenanthroline ligands allow high molecular weight
polymers (M, up to 134,000) to be obtained.
The complexes have cis geometry and steric
interactions produce distortion of the palladium
co-ordination away from square planar.
Dissociation of one R-phen ligand allows the
catalytic cycle to proceed.

K. Nozaki (Kyoto University, Japan) described
another method of incorporating a ligand into
a polymer by modification with a vinyl group,
which allows copolymerisation with divinylbenzene and ethylstyrene.Reaction with a suitable metal precursor yields the polymer-supported catalyst. For styrene hydroformylation,
good enantioselectivity can be achieved with
rhodium catalysts containing the Binaphos ligand (111). Comparisons between the supported

Catalyst Separation for

Homogeneous Catalysis
One of the major difficulties to be overcome
for industrial application of homogeneous catalysis is the separation of the product from the
catalyst. Professor D. J. Cole-Hamilton and homogeneous catalysts indicated only a
(University of St. Andrews, U.K.) described slight reduction in regio- and enantioselectivity
efforts to resolve this for reactions carried out (polymer catalyst n/i ratio cu. 15, ee 89 per cent).
The development of systems for the carbonyin supercritical carbon dioxide (scCOz).
Performing reactions in supercriticalfluids allows lation of benzyl halides using water soluble phosrapid diffusion and hence potentially high reac- phines was discussed by Professor A. M.
tion rates. However, the solubility characteris- Txzeciak (University of Wroclaw, Poland). Using
tics of scCOzare not suited to PPh, complexes a sulfonated phosphine PNS (IV) the product
as catalysts, and for high-boiling products, catalystfproduct separation remains to be addressed.
Ph P C H )zC
For hydroformylation, studies using PEt, and
then P(OPh), as ligands showed that they can
produce acceptable rates, and for the latter an
acceptable selectivity ( d i ratio), while the catalyst is essentially insoluble in high boiling alde- can be separated kom the catalyst into an organic
phase by weak acid extraction. A typical cathydes allowing easy separation.
An alternative approach to catalyst separation alytic system is obtained by mixing the ligand
by immobilisation of phosphine ligands was dis- with [PdCl,(COD)], water, toluene and a base
cussed by c. Bianchini (ISSECC-CNR, such as triethylamine under C O (10 bar). In
Florence, Italy). Procedures for anchoring the alcohol/watermixtures a good yield of the ester
ligands to silica either by covalent linkages Si- can be obtained. Mechanistic studies were
0-Si or by association by hydrogen bonding undertaken to confirm the reaction intermediSO, ... HO-Si were described. In the latter case, ates, such as [PdBr(PhCH,)(PNS)2],and to
solvents must be chosen carefully to avoid leach- study its reaction with the alcohol.
Professor M. Hidai (University of Tokyo,
ing of the catalyst from the surface. In comparison with the corresponding homogeneous Japan) reported that transition metal sulfido
catalysts, supported catalysts were shown to clusters with cubane-type structures can be prebe potentially more selective in asymmetric pared by a variety of routes. The compounds
can have mixed metal content M2M‘,S, and
hydrogenation.
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M,M'S,, for example Mo,PdS, species where
Pd occupies one vertex (V). Co-ordination of
tacn

tacn
( t a m = 1,4,7- trlazacyclononane)

the palladium atom is effectivelytetrahedral but
the oxidation state is still more like Pd(I1) than
Pd(0). This unusual co-ordination geometry
is reflected in the novel catalytic properties that
are displayed, for example, the stereo- and
regioselective addition of alcohols or carboxylic
acids to electron deficient alkynes.
Ongoing studies of ruthenium and osmium
catalysts for oxidation reactions were reported
by Professor W. P. Grifith (Imperial College,
London, U.K.). The ruthenium salt, RuCl,.xH,O,
may be used in combination with a variety of
readily available, environmentally friendly oxidants (hydrogen peroxide, sodium percarbonate, sodium peroxoborate) and phase transfer
agents for the oxidation of alcohols and sulfides
and other organic oxidations. The choice of cooxidant can be extended to, for example, periodate (oxidative cleavage of alkenes and alkynes
to carboxylic acids), persulfate and ozone (dehydrogenation of amines to nitriles) .

Chelating Ligands
Pincer-type ligands which can bind 3 co-ordination sites have been studied by many groups
due to interest in their influence on the physicochemical and, in particular, catalytic properties
of their complexes. Professor G. van Koten
(University of Utrecht, T h e Netherlands)
described work on linking these groups using
the para-functionality Z (VI), so that arrays of

anchoring points, such as a dendrimer, many
individual catalytic centres may be linked, allowing them to be separated from solution by ultrafiltration after completion of the reaction. The
size and structure of the core can be controlled
to give a flexible or a rigid molecular unit.
J. P. Rourke (University of Wanvick, U.K.)
described the chemistry of platinum complexes
where diphenylpyridine behaves as a CNC-pincer ligand. While a CN-chelate forms readily,
the second metallation reaction is less favoured.
For the CN-chelate complexes, the interaction of the pendant phenyl group with the metal
centre can play a significant role in substitution
reactions of the complex.
Chelate ligands with large bite angles (VII)

were described by P. C. J. Kamer (University of
Amsterdam, The Netherlands). This allows
steric contacts to maximise ligand influence in
the transition state. Application of this principle produced effective catalysts for asymmetric allylic alkylation, Heck coupling reactions
and Buchwald-Hartwig amination.
Work on P-donor ligands with platinum group
metal complexes was described by P. G. Pringle
(University of Bristol, U.K.). High enantioselectivities in asymmetric hydrogenation by
rhodium are usually associated with bisphosphines where the ligand forms a rigid chelate,
for example, the Duphos family of phospholanes. However, very large monodentate ligands
may also yield high ees where extreme steric
constraints prevent rotation about the metal-P

(VIII)

these metal complexes may be assembled. By
choosing a core molecule with many potential
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bond, for example (VIII). For many catalysts
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requiring ligand dissociation to create a vacant
site for substrate binding, the use of hemi-labile
ligands (chelating ligands containingone strongly
and one weakly binding group) can be advantageous. The strongly binding group is commonly a simple P-donor, such as -PPh,, while
the weak donor may be 0, N, S or P based. By
synthesising a number of asymmetric 1,2bis(diarylphosphino)ethanes, an effective
ligand (IX) which can be used for methanol

n
PAr2

Ph2P

F

carbonylation with rhodium or ruthenium, was
identified.

Catalyst Screening
The identification of new catalysts using high
throughput experimentation has attracted much
interest recently. Professor R. H. Crabtree (Yale
University, U.S.A.) described the use of a dyebased assay system for screening activity in
hydrosilation. By linking electron donor and
acceptor groups with an olefin, dyes were
obtained which were bleached when addition
to the olefin occurred. The effectiveness of the
procedure was confirmed using known active
catalysts, such as Wilkinson's catalyst. Other
rhodium and iridium complexes yielded active
species but surprisingly a palladium complex
gave the highest activity. The ability to prepare large numbers of well-defined catalysts is
important for the effectiveness of high throughput work and this can be aided by linking suitable ligands to polymeric supports. Routes for
obtaining supported phosphine ligands were
described which could be reacted with metal
precursor complexes to yield a library of
rhodium and iridium catalysts.
Professor D. G. Blackmond (University of
Hull, U.K.) showed how the calorimetric data
from a single reactor could also be used for the
evaluation of a number of catalysts. Heat output can be correlated with reaction rate, so, provided there is no interaction between catalyst
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samples, the addition of a small amount of a
new catalyst to a reaction will produce a step
change in rate which is observed as an increase
in heat output. Injections of further catalysts
may be made and the results can be deconvoluted to obtain the separate contributions of
each catalyst. The performance of a series of
P d C hydrogenation catalysts was evaluated in
this way. The detailed information on reaction
kinetics provided by calorimetric measurement
and kinetic modelling ensures that when a catalyst has been selected the reaction can be scaled
up with a high degree of confidence.
Catalyst developmentthrough more traditional
screening experiments was described by M.
Studer (Novartis Services AG, Basel,
Switzerland). In the development of a Rh/Pd
on carbon catalyst for the stereoselectivehydrogenation of a 2,4-disubstituted pyridine, both
the relative loading of the two metals and the
order of their precipitation onto the support
were found to be important factors in maximising the amount of desired cis product. For
the homogeneous enantioselective hydrogenation of an imine, an iridium catalyst containing
a bisphosphine ligand derived from ferrocene
was synthesised. This family of phosphines
(Josiphos series) now extends to over 80
different derivatives.

Metal Particle Formation and
Supramolecular Structures
Improvements in heterogeneous catalysis
through control of metal particle formation featured in several talks. In concentrated surfactant solution micelles become ordered in closepacked arrays. Reduction of a metal salt in such
a solution, where the metal ions are confined to
the water phase, leads to the formation of a metal
deposit with a specific pore structure equivalent
to the micelle volume. G. S. Attard (University
of Southampton, U.K.) reported on the use of
this technique to obtain coarse platinum particles with a very high specific surface area of
40 to 60 mzg-'. Particles of alloy can be formed
from mixtures of metal salts. The pore size can
be controlled by the addition of hydrocarbon to
the solution, which has the effect of swelling the
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micelles. Currently, these materials are being
applied to gas sensing but further applications
are likely, for example in fuel cell electrodes.
B. Chaudret (CNRS, Toulouse, France)
described the preparation of nanoparticles by
reduction of metal complexes in the presence
of a stabilising polymer such as polyvinylpyrrolidone. Monodisperse colloids with particles ranging from 1 to 10 nm diameter can be obtained.
Again, by selecting appropriate mixtures of complexes for reduction, alloy particles are formed.
Studying the magnetic properties of the particles allows deviations from bulk metal properties to be investigated.
The stabilisation of small metal particles by
embedding in a mesoporous solid was described
by Professor B. F. G. Johnson (University of
Cambridge, U.K.). Mixed metal carbonyl clusters held in mesoporous silica can be decarbonylated more easily than in the "free" state
giving mixed metal particles which resist sintering, even up to 400°C. This high temperature stability may give these materials potential
as oxidation catalysts.
D. M. P. Mingos (Imperial College, London,
U.K.) described studies of molecules designed
to offer the possibility of multiple hydrogen
bonding interactions, thus controlling their
organisation in the solid state and in solution.
In solution, a strong association was only seen
when 3 H-bonds were formed between partner
molecules. The photochemistry of a RdOs system linked in this way was described by M. D.
Ward (University of Bristol, U.K.). Mingos also
described how bidentate N and S donor ligands
could bind to nickel ions to form a cage structure containing six metal atoms. Halide ions can
be held within the structure by a combination
of hydrogen bonding and Lewis acid-base interactions.
The topic of cage structures was taken further
by Professor M. Fujita (Nagoya University,
Japan). Using polypyridine-based ligands reacting with palladium complexes, cage structures
were formed which can hold up to 4 molecules
of adamantane within the cage. The structure
becomes more rigid on cooling so large molecules, such as 2,4,6-tri-t-butylbenzene, enter-
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ing at high temperature can be trapped in the
cage on cooling. The cage can also be used as
a sterically constrained environment to promote
certain reactions, such as Diels-Alder coupling.
Using a,o-bipyridyl ligands larger chains can
be created which allows interlocking rings to be
formed. With linear oligo-3,5-pyridine, nanotubes can be formed.
An alternative approach to form supramolecular structures using pyridine co-ordination
was described by E. Alessio (Universita di
Trieste, Italy). By varying the substitution pattern on meso-pyridyl/phenyl porphyrins a range
of symmetrical and unsymmetrical structures
can be formed when metal complexes are bound
to the peripheral N atoms. These complexes
have potentially useful photochemical and redox
properties.

Photochemical Properties
The study of the photochemical properties
of mononuclear and dinuclear complexes, and
the electronic structure underlying these effects
was the subject of a number of talks.
P. R. Raithby (University of Cambridge, U.K.)
described polymeric organometallic materials
that may have potential for application in LED
devices. These compounds (X)can be formed

r

1
M

-C

E C --R-CE

C

by a number of routes, of which dehydrohalogenation using truns-[MCl,L,], where M is Pt,
Pd or Ni, and an acetylenic compound is probably the most widely applicable. The organic
spacer R may be chosen from a wide variety of
aromatic or heterocyclic groups allowing
control of the photophysical properties.
The development of novel materials exhibiting non-linear optical properties was described
by B. J. Coe (University of Manchester, U.K.).
Suitable molecules contain an electron donor
and acceptor functions separated by a rt-system,
good examples being nuns-ruthenium complexes
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[RU"(NH,)&~L~,]"+
where L A = acceptor ligand
and LD= donor ligand. H. Vos (Dublin City
University, Ireland) reported the photochemistry of ruthenium bipyridyl complexes while
J.-P. Sauvage (Universite Louis Pasteur,
Strasbourg, France) reported on terpyridyl complexes of ruthenium and iridium. Linking of
donor and acceptor groups to the terpyridyl ligands creates complexes that can display longlived charge separated states leading to interesting photochemical properties.
V. W. W. Yam (The University of Hong Kong,
China) spoke about the luminescent properties
of dinuclear platinum(I1) acetylide complexes
(XI).Luminescence is obtained when the
PhzP-PPtlz

I
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,&'

q &/I
Pt

Ph'
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@
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Pt

Ph'
Ph2P-PPhZ

platinum-platinum distance in these compounds
is in the range 3 to 3.5 A. For compounds where
this distance is influenced by the presence of
other ions and molecules, the luminescence may
be used for sensing and signalling devices.
Theoretical studies of binuclear ruthenium
complexes were reported by Professor A. B. P.
Lever (York University, Toronto, Canada).
Changes in the electronic structure through a
series of redox reactions were measured by spectroelectrochemical methods and compared with
data obtained by the ZINDO semi-empirical
computational method. Professor J. M. Kelly
(University of Dublin, Ireland) described work
on the photochemical interaction of ruthenium
polypyridyl complexes with DNA. On irradiation these complexes produce oxidative damage to DNA. Much stronger binding can be
achieved with binuclear complexes, such as
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[(phen)LR~(Mebpy-(CH2),-bpyMe)Ru(phen),]"
(n = 5 , 7 or 10) than with the simple mononuclear compounds. Binding specificity can be
achieved by linking the ruthenium species to an
oligonucleotide sequence.
Electrochemistry of platinum group metal
complexes was discussed by L. J. Yellowlees
(University of Edinburgh, U.K.). The redoxactive centre can be based either on the metal,
the ligand or a molecular orbital spanning several nuclei. Studies using cyclic voltammetry
can show whether the redox reaction is reversible
or irreversible (that is, accompanied by a chemical reaction). By spectroscopictechniques such
as EPR, localisation of the electron may be identified; for example, in [PtX,(bipy)] a reversible
one-electron reduction occurs at modest potential with the redox site being primarily based on
the bipy ligand.

Biomedical Applications
Reports on biomedical applications of platinum group metals are a regular feature at these
meetings, and on this occasion N. Farrell
(Virginia Commonwealth University, Richmond,
U.S.A.) described his work on platinum anticancer complexes, in particular on compounds
which do not conform to the activity guidelines
set out by Cleare and others in the 1970s.
Recently, this work has focused on the trimeric
compound code-named BBR3464 (XII).
Individually each of the platinum atoms in this
molecule has trans geometry, but overall the
molecule has two labile sites for binding DNA.
The compound shows much greater potency
than cisplatin (- 20 fold) in in vivo testing.
Studies of DNA binding suggest that an interstrand crosslink spanning over 3 base pairs is
formed in contrast to the GG intrastrand
crosslink formed by cisplatin. The positive
charge on the central atom of the trimer seems
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to be an important factor in the interaction with
DNA thus contributing to the high potency.
BBR3464 is now undergoing Phase I clinical
trials in the U.K.
S. P. Fricker (AnorMED Inc., Langley,
Canada) described the continuing development
of ruthenium complexes as scavengers of nitric
oxide in wivo. Nitric oxide has a number of functions in the body, but when there is an under or
over production severe effects can result, such
as septic shock with over production.
Ruthenium(II1) polyaminocarboxylate complexes react very rapidly with NO forming inert
Ru(I1) nitrosyls making them effective scavengers. The complexes are transported in the
bloodstream but do not pass readily into cells,
contributing to their low toxicity and limiting
interference with essential NO functions. The
effectiveness of the compound AMD-622 1,
[RuCl(H,dtpa)] (dtpa = diethylenetriaminepentaacetate),in reversing hypotension has been
demonstrated for endotoxaemia, but no clinical studies have been conducted to date.

to N, is favoured by low temperature. Generally,
the catalysts deactivate rapidly, which is thought
to be due to coverage of the surface by NH.

Co-ordination Chemistry

M. W. George (University of Nottingham,
U.K.) described the use of time-resolved IR
spectroscopy to study the interaction of co-ordinatively unsaturated species with weak donor
solvents such as alkanes, xenon and carbon dioxide. The activated complexes were generated by
photolysis of carbonyl complexes. In scC0, the
structures of the complexes may be deduced
from their IR bands, allowing (q’-CO), (q2-CO)
and (q’-0) bonding to be distinguished. The
latter form was detected for the complex
[Rh(acac)(CO)(CO,)]. This bonding mode had
previously only been observed at low temperature by matrix isolation. By following the reverse
reaction with CO, the reactivity of this complex
was found to be similar to that of
[Rh(acac)(CO)Xe].
Professor B. R. James (University of British
Columbia, Vancouver, Canada) reported on the
reaction chemistry of co-ordinatively unsatuNitrogen Fixation
Nitrogen fixation has fascinated many rated ruthenium complexes containing PN
researchers over many years. Recent work on bidentate ligands, such as trans-[RuCl,(Pthe mechanism of the reaction was reported N) (PPh,)] (P-N = o-(N,N-dimethylamino)by Professor D. Sellmann (Universitat Erlangen, phenyldiphenylphosphine). These complexes
Germany). Using deuterium labelling to study react with a very wide range of small molethe transfer of hydrogen atoms in model ruthe- cules to give octahedral complexes [RuCl,(Pnium complexes, his work provides support for N)(PPh,)L] of either cis (thiols, H,S, nitrogen)
the ‘diazene’ mechanism of ammonia forma- or trans (water, methanol) stereochemistry.
Professor H. Werner (Universitat Wurzburg,
tion. X-ray crystallography has provided details
of the enzyme active site, referred to as the Germany) discussed rhodium and iridium car“FeMoco” structure. A two-electron reduction bene complexes. Surprisingly, he found that
is necessary before nitrogen binding and sub- while carbene complexes could not be prepared
by direct reaction of [RhCl(P’Pr,),], with diasequent reactions.
The reverse reaction of ammonia oxidation to zocompounds, they could be obtained if
nitrogen is being studied by Professor R. A. van [RhCl(Sb’Pr,),], was used. Substitution of the
Santen (Eindhoven University of Technology, stibine ligands by phosphines or arsines gave
The Netherlands). The successive dissocia- the desired compounds. Similar iridium comtion of hydrogen atoms from ammonia is pounds could be prepared from the mixed phosendothermic, but the reaction can be made phinehibine complex, [IrCl(C,H,)(Sb’Pr,)
exothermic if oxygen is added so that hydrogen (PPr,)] . Further reactions of these complexes,
atoms are transferred to oxygen. Under these in which the carbene ligand is retained, included
conditions, formation of N, is exothermic while the formation of dimeric complexes where the
formation of NO is endothermic, so selectivity carbene acts as a bridging ligand.
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R. F. Winter (Universitat Stuttgart, Germany)
described ruthenium complexes containing
highly unsaturated systems. Intermediates generated by reaction of [RuCl(LJ,]' (L= chelating diphosphine) with butadiyne may be trapped
by reaction with amines, thiols, etc., to give a
variety of products: secondaryamines yield products [Cl(L&Ru-C=C-C(=NR,) CH,] +.Crystal
structures suggest that the alternate resonance
form [Cl&),Ru=C=C= C(SR)CH,] is favoured
for the thiol adducts.
The isolation of the unusual complex
[Pt(Me)(OH)(COD)] containing cis methyl and
hydroxyl ligands was reported by A. Klein
(Universitat Stuttgart, Germany). The OH ligand will react with weakly acidic species HX
yielding water and co-ordinated X (for example X = C=CPh, CH,COCH,). Efforts to determine the trans influence of the hydroxyl ligand
in these complexes by NMR spectroscopy suggested that it is similar to that of chloride.
Professor F. G. A. Stone (Baylor University,
Waco, U.S.A.) reported on studies of carborane
and metallocarborane as ligands. New complexes have been prepared where the BH vertices of the carborane form exo-polyhedral bonds
with other metal complexes. Depending on the
system, the carborane can act in mono-, bi- or
tridentate bonding modes to the metal, with
additional bonding from bridging hydrogen
atoms. With metallocarborane ligands it is possible for both the metal and boron to chelate
to a metal fragment.
One of the highlights of the meeting was the
presentation by Professor A. von Zelewsky
(University of Fribourg, Switzerland) on chirality in platinum group metal complexes. With
the aid of his computer he brought the chemistry "to life", adding a musical accompaniment
to the dancing atoms and structures flashed
upon the screen. Behind the stylish presentation was a large volume of work on how the chirality of the ligands influences the structure of
molecules, for example, the formation of dimeric
species where only R,R or S,S forms are obtained
and not S,R combinations.
Professor J. L. Spencer (Victoria University of
Wellington, New Zealand) reported a detailed
+
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NMR study of platinum bisphosphine alkane
hydride complexes providing information on
the intermediate structures in hydride migratiodp-elimination reactions. Extension of these
studies to chelates containing bulky PN and NN
ligands allowed identification of C H activation
in solvents such as toluene and dichloromethane.
Further talks by Professor L. A. Oro
(Universidad de Zaragoza-CSIC, Spain) dealt
with the interaction of dinuclear iridium complexes with hydrogen and alkynes while Professor
P. Braunstein (Universite Louis Pasteur,
Strasbourg, France) dealt with the application
of Pd/Fe complexes for the formation of
distannanes.

Concluding Remarks
Aside from the chemistry discussed and
acquaintances renewed, lasting memories of the
week will be a new acronym, COBALT (computers on benches all linked together - Tom
Ziegler), a new standard for stability (inert to
refluxing in DMSO - Martin Schroder) and a
new standard in audio-visual presentation (Alex
von Zelewsky). There is much to look forward
to at the next meeting in this series to be held
at the University of Southampton, U.K., in 2002.

Liquid Petroleum Gas Detection
In order to monitor and control environmental pollution, there is an increasing need to
develop new sensors able to detect toxic and
hazardous gases. Liquid petroleum gas (LPG),
a mixture of hydrocarbons, is an extensively used
fuel, but there has been little work on LPG sensors. Now, scientists from Italy and India have
fabricated a gas sensor, based on bulk semiconducting tin oxide and palladium, which is
highly selective for LPG (A. R. Phani, S.
Manorama and V. J. Rao, Mater. Chem. Phys.,
1999, 58, (2), 101-108).
The tin oxide based sensor, containing 1.5
weight per cent of palladium and 35 weight per
cent of aluminum silicate, was produced by sintering at 800°C for five hours. It showed great
sensitivity (0.97) towards the selective detection of LPG in air at 350°C, even in the presence of carbon monoxide and methane. Tests
carried out over a six months period at
200-400"C gave consistent results, +3 per cent,
indicating its reliability with time.
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Advancements in Hydrogen Technology
REPORT OF THE HYPOTHESIS I11 SYMPOSIUM
International participation in the developing
technological and academic aspects of hydrogen-centred economies has again been demonstrated at the third symposium in the HYPOTHESIS series. Symposia in this series have been
held during the intermediate years of the World
Hydrogen Energy Conferences and cover many
aspects of concern to the hydrogen economy,
such as hydrogen production, distribution and
transportation, safety factors and information
about techniques of handling hydrogen and combinations of hydrogen with other gases.
This year HYPOTHESIS I11 was held from
the 4th to 9th July in the historical Dimitri
Mendeleev Institute of the St. Petersburg State
University, Russia, under the chairmanship of
N. V. Egonov and secretaryshipof V. P. Denissov.
Particular areas where platinum and palladium
are involved include membrane processes and
where they give an advantage in intermediate
stages of reactions in which hydrogen plays a
part. Currently, very active areas of research
with catalytic involvement include those giving improved efficiencies for fuel cell electrodes.
M. Khalioullin, N. Kuleshov, S. Grigoriev and
V. Fateev (Moscow Power Engineering Institute,
Russian Research Centre “Kurchatov Institute”,
Russia) reported studies under high pressure
conditions, using iridium, platinum and lead
oxide anode electrocatalysts.
The advantage of having platinum additions
in the active carbon anode of an air-metal
hydride, hydrogen gas rechargeable battery, was
described by N. Kuriyama, T. Sakai, H. Tanaka,
H. Takeshita and I. Uehara (Osaka National
Research Institute, Japan). Advantageous electrode activity, obtained by improving the catalysts for advanced nickel hydride batteries, was
described in a paper by V. N. Verbetsky, 0. A.
Petrii and S. V. Mitrokhin (Lomonosov Moscow
State University, Russia), J. S . Sung (Korea
Institute of Energy Research) and N. V. Korovin
(Moscow Power Engineering Institute, Russia).
An improvement in the production of hydro-
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gen by photochemical techniques, brought about
by the presence of platinum catalysts, was
reported in a contribution from V. I. Korotkov,
S . 0. Stepanova and V. V. Akulinichev (St.
Petersburg State University). While, valuable
improvements using low loaded platinum catalysts in polymer electrolyte based fuel cells,
were reported by G. Squadrito, E. Passalacqua,
F. Lufrano and A. Patti (National Research
Centre, S. Lucia-Messina, Italy).
Improvements in hydrogen storage after platinum was incorporated in nanomaterial carbon
were reported in a paper by I. E. Gabis (St.
Petersburg State University) and S. K. Gordeev
(Central Research Institute of Materials, St.
Petersburg, Russia). It was suggested by B. P.
Tarasov (Institute of New Chemical Problems
of RAS, Chernogolovka, Russia) that platinum
absorbed within fullerides and allied structures
as C,,,(Pt, Pd,) may provide a new class of
reversible hydrogen absorbents.
The utilisation of palladium or palladium alloy
membranes for the production of the highest
levels of purity of hydrogen gas was reported by
S. Morooka and K. Kusakabe (Kyushu
University, Japan). The integration of a palladium alloy purification membrane with a
methanol-steam reformer for hydrogen production was reported by J. C. Amphlett, L. M.
Kearns, R. F. Mann and B. A. Peppley (Royal
Military College of Canada).
T h e superpermeable behaviour towards
hydrogen of composite membranes formed from
non-metal monolayers and metallic layers,
where a palladium layer is one of the alternatives, was reported in a contribution from A.
Livshits, M. Notkin, A. Samartsev, A. Doroshin,
V. Alimov and A. Busnyuk (Bonch-Bruyevich
University, Russia), N. Ohyabu and H. Suzuki
(National Institute for Fusion Science, Japan)
and M. Bacal (Ecole Polytechnique, Palaiseau,
France).
Gorsky Effect strain gradient components of
hydrogen diffusion parameters for palladium
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and compositions of palladium-platinum and
palladium-silver alloys were interrelated in a
contribution from F. A. Lewis (Queen’s
University of Belfast, U.K.) and K. Kandasamy
(University of Jaffna, Sri Lanka).
Studies of pressure (p)-composition (c)-temperature (T) relationships in conjunction with
relationships between hydrogen content and relative electrical resistance, R/%, were reported
by A. K. M. Fazle Kibria, T. Kubota, A. Kagawa
and Y. Sakamoto (Nagasaki University, Japan).
A new flat structured membrane, for the production of pure hydrogen, made from a palladium-indium-rhenium alloy, was recommended
for use over a large temperature range (100 to
800°C). Reported by E. M. Chistov, V. M.

Gryasnov, N. R. Roshan and D. I. Slovetsky
(A. V. Topchiev Institute of Petrochemical
Syntheses, Russia) ,the membrane displays resistance to corrosion over a wide range of hydrosulfurous and hydrocarbon atmospheres.
At the end of the conference, each participant
was presented with a CD-ROM of the proceedings; however, it is also planned to publish selected contributions in a special issue of
the InternationalJournal of Hydrogen Energy. The
next symposium in the series, HYPOTHESIS
IV, will be held from 9th to 14th September
2001 in Stralsund, Germany. Fax: (+49-3831)
456-687; E-mail: hypotheses@fh-stralsund.de;
URL: http://www.hypothesis.de/.
F. A. LEWIS

Intracellular Measurements bv Pt/Ir Microelectrode
J

To study the behaviour of biological cells, it is
necessary to investigate their electrophysiological properties. Cells display an electrical potential difference across their cell membrane which
is extremely small, but is important to the cell.
Positive current is said to cross the cell membrane from inside to outside and all cells have
negative membrane potentials, typically of size
-80 mV.
Transmembrane potentials are conventionally
measured using borosilicate or aluminium silicate glass micropipettes, the narrow tips of which
can easily break or become clogged with air bubbles formed when the pipette is filled with electrolyte.
Now, researchers from laboratories in
Switzerland have developed a new microelectrode for this purpose based on a sharp platinundiridium needle (M. Schwank, U. Muller,
R. Hauert, R. Rossi, M. Volkert and E.
Wintermantel, Sens. Actuators B, Chem., 1999,
56, (1-2), 6-14).
Platinum-20 per cent iridium wire, 250 pm in
diameter, was electrochemically etched in molten
salt solution until the required high aspect ratio
was obtained. The needles produced were uniformly shaped and slim, to minimise damage to
the membrane cell, and have a typical radius of
curvature of 300 nm. The needle was electrically insulated, except for the tip, by a thin film
of hydrogenated amorphous carbon.
The tip of the needle was made into a conducting microelectrode of small radius of curvature, by transforming it using a scanning tunneling microscope working in a high pressure

-
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oxygen atmosphere.The high electrical resistance
of the tip was successfullyreduced. Penetration
into cells by this conducting tip has to be smaller
than the size of a cell, which is typically 30 pm
for a liver cell.
While there are disadvantages with this technique, such as slow response time and the measured potential of a biological cell differing from
that measured conventionally, these microelectrodes have lateral resolution < 100 nm and
improved mechanical properties.

-

Platinum Loss from Alloy Catalyst Gauzes in
Nitric Acid Plants
In the April 1999 issue of Platinum Metals
Review, on page 65, in Fig. 3, the caption should
read “Dependence of the relative weight
losses,...”; in the right hand column, the nineteenth line should read “relative platinum loss
per cent for the three PPR#l”; and the twenty
fourth and twenty fifth lines “3.95 x lo-‘ per
day for PPR#l alloy gauze and 2.95 x 10.‘ per
day for PPR#2 alloy gauze”, respectively. In
Table I11 on page 66, omit “wt.%” from the fifth
column headed [Pt]:[Pt].. On page 68, the equation should be “2Pd + PtO, + 2Pd0 + Pt”.

The Oxidation of Alcohols to Aldehydes or
Ketones
In the July 1999 issue of Platinum Metals
Review, on page 100, the second column in
the Table should read “Stoichiometric oxidations, YOconversion” and in that column, the
twelfth line next to (4-Me-p~)~
(in the first column) should read “30”.
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Twenty-Five Years of Autocatalysts
By Martyn Y Twigg
Catalytic Systems Division, Johnson Matthey; Koyston

A quarter of a century ago the first autocatalysts were manufactured on a
commercial scale by Johnson Matthey at Royston, near Cambridge, in England.
T h i s article looks at the background to this major contribution towards
cleaning urban air and briejy traces the progress of car catalyst technology since
the work of the early autocatalyst pioneers.

As early as the 194Os, some large cities had notably peroxyacetyl nitrate, which is a very
begun to experience problems of atmospheric strong lachrymator irritant ( 3 ) .
pollution. The Los Angeles’ basin in the U.S.A.
H C + NOx + hv + 0,+ other products
(i)
was particularly affected, experiencing frequent
4H,C. + (m+4n)02 + 2 m H 2 0 + 4nC0, (ii)
natural ambient temperature inversions, which
4H,C. + (m+2n)02 + 2 m H 2 0 + 4 n C 0 (iii)
trap and recycle polluted air. Mass production
N2 + O2 -+2 N 0
(iv)
of cars, powered by the internal combustion
engine, was then giving tremendous personal Johnson Matthey Targets Research
In the late 1960s, in the U.K., Johnson Matthey
mobility, but the very large numbers in cities
were understood to be a major source of the was developing catalyst technology to control
the gaseous pollutants from industrial applicaman-made urban emissions (1).
Photochemical interactions between hydro- tions, such as the reduction of NOx in “tail gas”
carbons and nitrogen oxides from car exhaust from nitric acid plants, and the destructive oxiand oxygen occur in the lower atmosphere, form- dation of odours from food processing facilities.
ing ozone-containing “photochemical smog”, These used catalysts based on platinum group
Equation (i), identified as an important con- metals (PGM); for instance, the reduction of
tributory factor to the pollution. The oxidation NOx in tail-gas by methane (CHI) was achieved
of fuel to carbon dioxide and water in engines, particularly effectively over a rhodium (Rh) proEquation (ii), was far from completely efficient. moted platinum catalyst.
Unburned hydrocarbons and partially comIn the U.S.A. the 1970 Clean Air Amendments
busted products, particularly carbon monoxide Act was the driving force to reduce emissions
(CO) and to a smaller extent oxygenates, such from cars. Political pressures from the environas aldehydes, were present in the exhaust gases*. mental lobby had resulted in Senator Edmund
Relatively high levels of C O were formed, Muskie announcing a plan to reduce emissions
Equation (iii), and, under the forcing conditions from cars by 90 per cent and highlighted the
in the engine, nitrogen (N2) and oxygen (02) need to develop specific technology for autoreacted to establish a partial equilibrium with motive pollution control. The clean air legislanitric oxide (NO), Equation (iv). Appreciable tion was also to apply to manufacturers exportamounts of N O and its oxidised form, nitrogen ing cars to the U S A . It was appreciated that
dioxide (NO,) (together referred to as NOx) engine modifications could provide improvecan be present in exhaust gas.
ments to emissions, but that additional meaThe three major pollutants in exhaust gas are sures would be needed after model year 1975
therefore HC, NOx and CO. Subsequent to comply with more stringent Federal and
photoinduced reactions of the first two pollu- Californian limits. Catalytic converters became
tants with oxygen forms ozone, which is a strong the chosen route after Johnson Matthey sucirritant, as well as low levels of other compounds, cessfully demonstrated the positive benefits of

* Unburned hydrocarbons and oxygenated species are referred
to as “hydrocarbons” and designated HC (2).
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platinum-containing catalyst to clean up car
exhaust (4). This resulted in demand by car
manufacturers for samples of catalysts for test
programmes, and by Johnson Matthey for their
own projects.
The first work done by Johnson Matthey was
in England at the Research Laboratories, at
Wembley, in west London. But at the end of 1971
sample manufacture was transferred to the new
Catalyst Development Laboratory at Royston
and the Wembley research scientists concentrated on developing new catalyst technologies.

lith had catalytic activity itself. Cordierite
(2Mg0.2A1,0,.5Si02) which has a low coefficient of expansion, made it the material of choice
for ceramic monoliths, and is still used today.

Catalyst Formulation Developments

Initially, catalysts containing nickel, copper,
cobalt or iron, similar to those used in the production of methanol and ammonia (6) had been
assessed as autocatalysts, but had insufficient
activity, especially a t low temperatures.
Moreover, they were very susceptible to poisons
derived from the fuel. The catalysts eventually
Catalyst Structures
chosen were based on the highly active PGMs
Initially two catalyst structures were tested: (7).
pelleted catalysts, similar to those used in chemAlthough PGMs are more poison resistant
ical industries, and “monoliths”. In a monolith, than base metal catalysts, sulfur and lead did
the catalyst volume is a single structure with affect their performance, lead being the worst,
many small open channels running along its as it forms an inactive alloy with the active catlength, like a honeycomb. Johnson Matthey con- alyst metallic phases (8). These had already been
centrated on “monolithic” catalysts, through recognised in the U.S.A. as harmful, and
which the hot exhaust gas fi-om the engine would “cleaner” gasoline was being introduced.
pass for conversion of pollutants to harmless Unleaded gasoline is needed for catalysts to conspecies. This structure caused only a small drop trol automotive emissions, and this was introin exhaust gas pressure, and its low heat capac- duced first in the U.S.A. and later, increasingly,
ity caused it to become hot quickly in use. around the world. The environmental benefits
Additional benefits of monoliths were that they from this in itself are very significant.
Depositing PGM directly on the monolith
did not suffer the attritioderosion problems
of pellets. Today, monoliths are the basis of all channels gave poor catalyst performance:
autocatalysts, and typically they have 400 cells because there was little to prevent small metal
inch-*.Later Johnson Matthey developed some crystallites from migrating and coalescing to
novel metal-based versions and experimented large crystallites with low surface area. Therefore,
in making ceramic monoliths, but early mono- the Wembley research group developed techliths were supplied mainly by Corning Glass nology to increase the surface area available to
the PGM by providing the monolith with a
and 3M-American Lava in the U.S.A.
Corning monoliths were prepared by an extru- higher surface area material. This was based on
sion method which is now the standard route. alumina (Al,O,) with stabilising additives and a
In England, Imperial Chemical Industries (ICI) process was developed to coat monoliths with
were also working in this area and invented some a high surface area “washcoat”. The washcoat
key processing methods which facilitated full- had to be even, and not block the channels, while
adhering strongly to the substrate. The washscale production (5).
The 3M company used a paper layering tech- coat rheology was critical during coating.
nique, with alternate layers of flat and corru- Expertise was soon developed, and high pergated sheets, which were impregnated with a formance catalysts were manufactured and
suspension of ceramic oxide powders before fu- employed on cars (9).
For a few years, the emissions limits could
ing to remove the paper and give a rigid monolith. These two processes gave products with be met by oxidation of HC and CO and exhaust
different properties, but neither type of mono- gas recycle (EGR), as in Equations (ii) and (v).
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However, legislation tightened and it became
necessary to control NOx emissions. The only
way to do this was to reduce it catalytically to
nitrogen (NJ, as in Equations (vi) and (vii):
2 c o + 0, + 2c02
(V)
(8n+2m)NO + 4H,C,, +
(4n+m)Nz + 2mH?O + 4nC02 (vi)
2 N 0 + 2CO + N2 + 2C02
(vii)

Early concepts used two catalysts: the engine
was run slightly rich to enable reduction of NOx
over a Pt/W catalyst, then air was introduced
between the catalysts to enable the second one
to oxidise remaining CO and HC. It was important that the first catalyst reduced NOx to N,
with high selectivity, because if ammonia (NH,)
was formed, it would be oxidised over the second catalyst to NOx according to Equation (viii).
4NH,

+ 5 0 2 + 4 N 0 + 6H,O

(viii)

Development of Three-Way Catalysts
From earlier experience with catalytic NOx
reduction with CH,, Johnson Matthey had developed low light-off Pt/Rh oxidation catalysts
which were used by some European car manufacturers (10). With them, if the engine was
operated close to the stoichiometric point (the
air:fuel ratio corresponding to complete combustion), some NOx control was obtained via
reduction, even though oxidation reactions were
taking place. Suitable catalyst formulations were
important in optimising this behaviour (1 1).
By 1979, oxygen sensors had been developed
and placed in the gas close to the exhaust manifold to provide feedback control to the fuelling,
so conditions could be maintained around the
stoichiometric point using electronic control.
This enabled good consistent catalytic performance, and the use of Pt/Rh catalysts to simultaneously control HC, C O and NOx became
the preferred system. Because all three pollutants were controlled with one catalyst, the concept was named the “Three-Way Catalyst”,
T W C.
Early TWCs had a narrow operating air:fuel
range over which all three pollutants were
removed, and from about 1980 they were almost
universally fitted to cars sold in the U.S.A. Since
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then effort has been directed towards improving catalyst performance: enhancing activity,
thermal durability, selectivity and widening the
air:fuel ratio operating window. Catalyst
improvement went with increasingly sophisticated fuel management systems; carburettors
gave way to single point fuel injection and then
multi-point injection into the inlet manifold,
and latterly direct injection into the cylinder.

Expansion at Royston
During the early 1970s washcoating processes
were intensively investigated and developed,
later to be transferred to Johnson Matthey plants
around the world. At first, development activities and plant design phases ran in parallel. The
rate of the initial process development and
implementation was frantic and complicated by
the Royston manufacturing area being too small
for the anticipated increasing demand. An adjacent building, previously used for developing
equipment for army tanks, had to be purchased.
In late 1973, construction of the first catalyst production line at Royston was completed.
Contracts had been signed to produce catalysts
for Volkswagen cars exported to the U.S.A., and
negotiations were well advanced with Rolls
Royce and British Leyland in the U.K. and with
the Ford Motor Company in the U.S.A. The
large number of catalysts needed in the U.S.A.
required a big plant to be constructed there.
Before this was done, a proving run was undertaken at Royston to demonstrate process viability. This was achieved in spite of the “threeday working week” resulting from the national
miners’ strike in December 1973. Electricity
allocated to the Royston site was limited, so catalyst production was given all the available power:
no other heating and lighting was permitted,
and the run was very successful.
Shortly afterwards construction of a very large
plant began at Wayne, Pennsylvania, to supply
the U.S. market. The Royston plant was officially opened in February 1974, and by the end
of April the world’s first autocatalyst production pieces were being made for Volkswagen.
Subsequently, other companies were supplied,
and as production numbers increased, a second
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line was installed at Royston. Development and
introduction of new catalyst formulations then
followed rapidly.

1992 two “Queen’s Awards” were granted: for
Environmental Achievement and for Export
Achievement.

Global Growth

Conclusions

At an early stage Johnson Matthey invested
extensively in test facilities in the U.K. and
U.S.A. for evaluating autocatalysts on engines
and cars. Initially work was done at Ricardo
Consulting Engineers in Sussex, although a
small test facility had been installed at Wembley.
As demand for testing increased, an enlarged
facility was built at Royston: four static engine
cells, and a “rolling road” for making measurements on cars, all then state-of-the-art. Over
the years, these underwent numerous improvements, until a major expansion to provide a modern “European Technology Centre” was opened
in February 1995. This ongoing investment in
R & D reflects the importance placed by Johnson
Matthey on technical developments in this area.
Indeed, Johnson Matthey now has Autocatalyst
Technology Centres at Royston, in Pennsylvania
(U.S.A.), Kitsuregawa (Japan), Gothenburg
(Sweden) and at Curitiba (Brazil). In addition
fundamental scientific aspects are worked on at
the Corporate Technology Centre, near Reading,
England, to where the original Wembley
Research Laboratories moved in 1975.
The importance of Royston as Johnson
Matthey’s main European production unit
diminished in the early 1990s after a much larger
facility was built in Brussels and opened in 199 1,
to serve the growing European market. This followed a plant in Sydney, Australia, opened in
1985, and the world’s largest plant, in Wayne
(Pennsylvania, U.S.A.) which began production
in 1974. Since the Belgium plant was built, further plants have been established in South Africa,
Mexico, Malaysia, Argentina and India.

The development of autocatalysts has enabled
major reductions in emissions from automobiles. Over a quarter of a century, many millions
of tons of pollutants have not been released into
the atmosphere. This has improved urban air
quality, with many associated environmental
benefits. Research and development continues
to be pursued at the highest levels: new
aftertreatment systems are being developed for
lean-burn gasoline, diesel engines, and engines
burning a range of alternative fuels, being some
examples. It can be said that pioneering work
still continues today on many environmental
fronts, with the intention of bringing about yet
further social benefits.

Recognition of the Pioneering Work
The importance of the technology developed
b y Johnson Matthey was recognised in 1976
by a “Queen’s Award” for Technological
Achievement. In 1980, five of the original autocatalyst team received the Fellowship of
Engineering’s MacRobert Award (1 2) and in
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ABSTRACTS
of current literature on the platinum metals and their alloys

PROPERTIES

CHEMICAL COMPOUNDS

Optical and Mechanical Consequences of
Microstructural Alteration of Alpha Platinum
Dioxide Films
L. MAYA, L. M. ANOVITZ, T. THUNDAT and c . s. wST, 3.

One-Phase Synthesis of Thiol-Functionalized
Platinum Nanoparticles

VQC.Sci. Technol. A , 1999, 17, (3), 1036-1039
The microstructure of a-PtO, (1) films prepared by
d.c.-sputtering consisted of a porous random assembly of platelets. Under very light mechanical pressure,
microstructural altering of crystalline (1) occurred
causing a flattening of platelets visible under reflected
light of the affected areas.

Using T H F and LiB(C,Hs),H (“superhydride”), Pt
nanoparticles functionalised by octadecanethiol were
obtained. XRD, T E M and FTIR showed that the
nanoparticles are single crystals with f.c.c. structure
and average size is 3 nm. The octadecyl chains close
packed in a solid-like assembly.

Reactions of Laser-Ablated Platinum and
Palladium Atoms with Dioxygen. Matrix
Infrared Spectra and Density Functional
Calculations of Platinum Oxides and
Complexes and Palladium Complexes
W. D. BARE, A. CITRA, G. V. CHERTIHIN and L. ANDREWS,

3 Phys. Chem. A, 1999, 103, (28), 5456-5462

Pt and Pd atoms produced by laser ablation were
reacted with O2diluted in Ar during condensation
at 10 K. The reaction products, including the M(0,)
and ( 0 2 ) M ( O rcomplexes
)
prepared with thermal
metal atoms, and the Pt oxides PtO, OPtO, PtO,,
OOPtO and (OJPtO, were analysed by matrix IR
spectroscopy. Density functional theory calculations
were made on the product molecules.

Chiral Magnetic Domain Structures in
Ultrathin FePd Films
H. A. DURR, E. DUDZIK, S. S. DHESI, J. B. GOEDKOOP, G. VAN
DER LAAN,M . BEIAKHOVSKY, C . MOCUTA, A. MARTY and
Y. SAMSON, Science, 1999, 284, (5423), 2166-2168

C. YEE,M. SCOTT1,A. ULMAN, H. WHITE,M.RAFAILOVICH
and]. SOKOLOV, Langmuir, 1999,15, (13), 431411316

-

A Cationic Tetranuclear Platina-p-diketonate
Complex of a Platina-P-diketone - An
Organometallic Analogue of Platinum Blue
Complexes
and D. STEINBORN, Polyhedron,
1999, 18, (14), 1953-1956
The platina P-diketone [Pt, { (COMe),H} ,(p-CI)J
reacted with 2,2’-bipyridine (bpy) in the presence
ofTlPF, to give the title cationic complex [ { (bpy)Pt(pCOMe),Pt[(COMe),H]Jr][PF,], (1). X-ray structure
analysis established that in the solid state the complex
( 1).2CH2C1,consists of tetranuclear dications with
Pt, zigzag chains (Pt-Pt-Pt angle: 124.71 (3)”). The
Pt...Pt distances (3.094(1), 3.183(1) A) indicated
closed shell d”-dRinteractions.
M. GERISCH, C. BRUHN

Interaction of Platinum Fulleride C a t with
Deuterium
N . F. GOLDSHLEGER, B. P. TARASOV, YU. M. SHUL‘GA,
0. S. ROSCHUPKINA, A. A. PEROV and A. P. MORAVSKII,

Ultrathin FePd films were investigated by circular
dichroism in X-ray resonant magnetic scattering. For
single crystalline FePd alloy layers grown by molecular beam epitaxy onto a MgO(OO1) substrate, magnetic
flux closure domains were found whose thickness constituted a large fraction (- 25%) of the total film.

Izv. RAN,Ser. Khim., 1999, ( 5 ) , 999-1002
T h e X-ray photoelectron spectra and catalytic properties of platinum fulleride (C,,Pt) were investigated.
The value of bond energy Pt4f7 (72.4 eV) found for
Pt in C,,,Pt was attributed to the partial charge transfer from Pt to G o .The interaction of solid C,,Pt with
gaseous deuterium (D) leads to the formation of
fullerene deuterides C,,,D, and Pt clusters.

Transient Experiments on CO, Formation by
the CO Oxidation Reaction over Oxygen-Rich
Ru(OOO1) Surfaces

Correlationbetween Structural and Solution
Calorimetric Data for Cp*Ru(PR,),CI (Cp*=
C,Me,) Complexes

A. BOTTCHER, M. ROGOZIA, H. NIEHUS, H. OVER and
G E R T L , ~Phys. Chem. B, 1999,103, (30), 6267-6271

D. C. SMITH, C. M. HAAR, L. LUO, C. LI, M. E. CUCULLU,
C. H. MAHLER, S. P. NOLAN, W. J. MARSHALL, N. L. JONES
and P. J. FAGAN, Organometallics, 1999, 18, (12),

Using a molecular beam technique, transient CO titration experiments of oxygen-rich Ru(000 1) surfaces
at 300-700 Krevealed 2 distinct reaction channels in
the transient CO, formation rate. The first reaction
channel is related to the recombination of CO with
0 atoms already located on the surface. The second
reaction, which was observed at > 400 K, is controlled
by the diffusion of 0 atoms from the near-surface
region towards the surface.

Platinum Metals Rev., 1999, 43, (4), 172-175

2357-2361
Single crystal XRD data on Cp*Ru(L),Cl (L = PMe,,
PPhMe,, PMePh,, PPh,, PEt,, AsEt,, P”Bu,) and
Cp*Ru(dmpm) Cl were correlated with enthalpies of
ligand substitution previously determined from solution calorimetry. The cone angle of the phosphine
ligand and the Ru-P bond distance were found to
be proportional to the enthalpy of reaction.
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ELECTROCHEMISTRY
Electrocatalytic Oxidation of NADH at
Graphite Electrodes Modified with Osmium
Phenanthrolinedione
I.

c. POPESCU, E. DOM~NGUEZ,A. NARVAEZ, v. PAVLOV

and 1. KATAKIS,J. Electroanal. Chem., 1999,464, (2),
208-2 14
Os(4,4'-dimethyl-2,2 '-bipyridine)2(1,l O-phenanthroline 5,6-dione), adsorbed on spectrographic
graphite, oxidises NADH reversibly. CV measurements confirmed that the phendione ligand redox
process involves 2 electrons and 2 protons. The rate
constant for the electrocatalyticoxidation of NADH
(at pH 6.1, kl.lNhDHI.O
= 1.9 x 10' M - ' s ~ ' )as well as
its pH dependence @H 5.5-8.1) were evaluated.

A Neutron Reflectivity Study of
[Os(bipy)z(PVP),oCI]' Polymer Film Modified
Electrodes: Effect of Redox State and Counter
Ion
R. W. WILSON, R. CUBITT, A. GLIDLE, A. R. HILLMAN,
P. M. SAVILLE and J. G .vos, Electrochim. Acta, 1999,44,

(20), 3533-3548
[0~(bipy),(PVP),~Cl]'
polymer films were studied
using neutron reflectivity. The effect of redox cycling
of the films in electrolyte was dependent upon the
counter ion: using g T S A increased solvent content
with little change in film thickness, whilst perchlorate
caused a decrease in both of these parameters. Holding
the films in Os(I1) and Os(II1) oxidation states had
less effect than changing the counter ion.

PHOTOCONVERSION

ELECTRODEPOSITION AND
SURFACE COATINGS
Surface-EnhancedInfrared Absorption of CO
on Platinized Platinum
A. E. BJERKE, P. R.GRIFFITHS and w. THEISS, Anal. Chem.,
1999,71, (lo), 1967-1974
The first observation of surface-enhanced IR spectroscopy on platinised Pt surfaces is reported. Smooth
Pt electrodes were electrochemicallyplatinised to produce regular metal island surfaces which enhanced
absorption of the IR spectrum of adsorbed CO by up
to 20 times. As the amount of platinisation increased,
the CO band became asymmetrical, then bipolar, and
finally appeared as a reflection maximum.

Characterization of Platinum-Ruthenium
Electrodeposits Using XRD, AES and XPS
Analysis
C. CATTANEO, M. I. SANCHEZ DE PINTO, H. MISHIMA,
B. A. LOPEZ DE MISHIMA, D. LESCANO and L. CORNAGU,

J. Electroanal. Chem., 1999, 461, (1-2), 32-39
Pt-Ru was electrodeposited on Au substrate from Pt
and Ru salts solutions. XRD showed that the electrodeposits are f.c.c. alloys and can be formed in such
a way that the crystalline grains have an orientation
randomly distributed or are oriented to give a crystallographic texture, perpendicular to the substrate
surface. X P S revealed that there are no compounds
with oxidation states different from Ru(0) and Pt(0).

Contactless Electrodeposition of Palladium
Catalysts
J . - c . B R A D L E Y ~ ~ ~ Z . MChem.
A , A ~lnt.
~ ~ Ed.,
~ . 1999,

38, ( l l ) , 1663-1666

Control of the Photochemistry of RU~(CO),~Site-selective electrodeposition of catalyticallyactive
Pd on conducting graphite support particles (1-2 pn)
and OsS(CO),, by Variation of the Solvent
N. E. LEADBEATER, J.

Organomet. Chem., 1999, 573,

(1-2), 21 1-216
The photosubstitution of CO in M,(CO),, (M = Ru,
0 s ) was examined in diethyl ether, ethyl acetate and
acetonitrile media. UV photolysis of M,(CO),, with
PPh, led to M,(CO),,-,,(PPh,), (n = 1-3). Photolysis
of M,(CO),, with RSH (R = Et, Ph) gave HM,(pSR)(CO)I, which on prolonged photolysis generated
M3(p3-S)(CO) Photolysis of C2H,-saturateddiethyl
ether or ethyl acetate solutions of M,(CO),, led to
no net photoreaction with Ru, whereas for Os,
Os(CO)4(q*-C,H,)was formed.

New LuminescentRuthenium Complexes with
Extended x Systems
G . ALBANO, P. BELSER, L. DE COLAand M. T. GANDOLFI,

Chem. Commun., 1999, (13), 1171-1172
Polypyridyl Ru(I1) complexes (1) have been synthesised from naphtho[2,3-A [ I ,w]phenanthroline-9,14dicarbonitrile and naphtho [2,3-A [ 1,w]phenanthroline ligands, structurallysimilar to dipyrido[3,2-a:2,3-c]
phenazine. Luminescence is related to amounts of
DNA, thus (1) have potential as luminescent sensors,
fluorescent labels and DNA photoprobes.

Platinum Metals Rev., 1999, 43, (4)

has been achieved by polarisation with an electric field
in a matrix of to1uene:acetonitrile (1:l) in the
presence of Pd salt solutions. The properties of these
catalytic systems were controlled by modulating the
electric field parameters during their preparation.

APPARATUS AND TECHNIQUE
High Temperature Pt Schottky Diode Gas
Sensors on n-Type GaN
B. P. LUTHER, S . D. WOLTER and S. E. MOHNEY, SenS.
Actuators B, Chem., 1999,56, (1-2), 164-168
Pt Schottkydiodes (1) on n-type GaN have been studied as detectors for H2and propane between 200 to
400°C. The I-Vcharacteristics of the diodes indicate
a response to H, at all temperatures studied, while
propane is detected only at t 300°C. The recovery of
the diode characteristics after H, or propane exposure is aided by O2in the gas environment. (1) demonstrated good long term stability at 400°C showing
no degradation of electrical properties after 500 h.
These results indicate that (1) on n-type GaN may
be able to operate as reliable H, or hydrocarbon gas
sensors at temperatures 5 400°C.
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Preparation of Platinumlhidium Scanning
Probe Microscopy Tips

A New Route to Medium and Large
Heterocyclic Compounds

A. H. SQIZENSEN, U . HVID. M. W . MORTENSEN and K. A.
MQRCH, Rev. sci. Instrum., 1999, 70, (7), 3059-3060

T. VENTRICE, E. M. CAMPI,w. R. JACKSON

A two-step electrochemical etching setup has been
developed for the preparation of PdIr microscopy tips.
The first step was a coarse AC etching which stopped
when the lower part of the wire dropped off. The second step was a fine etching made by a number of
AC pulses, each of a certain duration and separated
by a certain time interval. The etch mechanism is
based on the formation of 0 ,and H2at the PdIr electrode when the potential is above the dissociation
potential of H 2 0 (- 1.23 V) and the storage of these
products is in the outer layers of the Pt wire. This
leads to “microexplosions” which detach the Pt from
the wire surface and give rise to “etching”.

HETEROGENEOUS CATALYSIS
EnantioselectiveHydrogenation of Pyruvates
over Polymer-Stabilized and Supported
Platinum Nanoclusters
x. zuo, H. LIU, D. GUO and x. YANG, Tetrahedron, 1999,
55, (25), 7787-7804
The cinchonidine-modified enantioselective hydrogenation of pyruvates was studied over Ptipolyvinylpyrrolidone and Pt/AI,O, clusters. Catalysts with
particle size < 2.0 nm gave > 90% enantioselectivity
in favour of (R)-lactates. These colloids and clusters
remained stable, with no loss of activity and
enantioselectivity, even after 18 months in air at room
temperature.

Oxidative Decomposition Of
Ammonia in Water to Nitrogen Catalyzed by
Platinum-SupportedTitania
J. TAGUCHI, T. NAKATO and T. OKUHARA, Chenz. Lett.
Jpn., 1999, (4), 277-278
Selective oxidative decomposition of NH, (or NH,‘)
in H,O was accomplished with 0.5 wt.% PVTiO, catalyst at 433 K under 8 atm of 0: without having to
alkalise the solution. NH, of 1000 ppm was converted
to N, with very limited formation of undesirable
byproducts such as NO, or NO, in solution, or N,O
in the gas phase.

High Selectivities to Ethylene by Partial
Oxidation of Ethane
A. S. BODKE, D. A. OLSCHKI, L. D. SCHMIDT and E. RANZI,

Science, 1999, 285, (5428), 712-715
At least 85% selectivity to C2HIat > 70% conversion was obtained by partial oxidation of C,H, when
large quantities of H, were added to the reaction mixture in the presence of a Pt-Sn catalyst at 950°C and
a contact time of 10 ’ seconds. T h e formation of
undesirable CO and CO, fell from 20% to 5% when
H 2was added. Although a mixture of H ? : 0 2of 2: 1
should be explosive at high temperatures, no flames
or explosions occurred in the presence of C2H,,.This
process is promising for the replacement of steam
cracking in the production of C,H,.

-

Platinum Metals Rev., 1999, 43, (4)

and A. F. PATTI,
Chern. Comrnun., 1999, (16), 1463-1464
Hydrogenation of nitrobenzenes bearing aldehydecontaining substituents over 10% P d C and/or PtO,
gave medium andor large heterocyclic amines by simple or dimeric cyclisation in moderate to good yields.
Standard conditions were 1 atm H2, ambient temperature, with Pd (5.6 x 10 ’ g atom) for reaction
on 0.4 mmol scale with substrate concentration of
4.8 x 10 ’ M. Larger amounts of Pt (3 x lo-’ g atom)
were employed.

-

Sol-Gel Preparation and Thermal Stability of
Pd/y-Al,O1Catalysts
Mater. sci., 1999,
34, (13), 3109-3116
Highly dispersed Pd/y-Al,O, catalysts with high surface areas and narrow pore size distributions were prepared by the sol-gel technique using boehmite
(AIOOH) and various Pd compounds. The samples
were calcined at 400°C in flowing O2 to decompose
the Pd complex and change the phase of the support to y-A120,.The amount of sintering experienced
by a Pd/y-Al,O, catalyst prepared by this method is
less than that of a catalyst prepared by the traditional method of ion-exchange due to the well-defined
pore structure.
C. K. LAMBERT and R. D. GONZALEZ,

HOMOGENEOUS CATALYSIS
Palladium Catalysed Pronucleophile Addition
to Unactivated Carbon-CarbonMultiple Bonds
Y. YAMAMOTO and u. RADHAKRISHNAN, Chem. Soc.
R ~ ~1999,
, , 28, (3), 199-207
T h e Pd-catalvsed addition of oronucleoohiles to
C-C multiple bonds was investigated. The Pd-catalysed hydrocarbonation of allenes and allylation of
pronucleophiles using alkynes was achieved. This
methodology was also successfully applied to the
hydrocarbonation of non-conjugated alkenes such as
methylenecyclopropanes. Also, hydroamination reactions were utilised efficiently to obtain biologically
important allylic amines and important classes of
N-containing heterocycles.

Electrochemical Cleavage of Ally1 Aryl Ethers
and Allylation of Carbonyl Compounds:
Umpolung of Allyl-Palladium Species
D. FRANCO, D. PANYELIA, M. ROCAMORA, M. GOMEZ, J. C.
CLINET, G. MULLER and E. DUI~ACH, Tetrahedron Lett.,

1999,40, (31), 5685-5688
T h e electrochemical Pd-catalysed cleavage of the
C - 0 bond of allyl aryl ethers was shown as a new alternative for allyl ether deprotection. The ally1 transfer
from the allyl ether to the carbonyl group in various
2-allyloxy benzaldehydes was established and is an
example of allyl-Pd reactivity umpolung (reversal of
reactivity). Pd(I1) complexes, associated to chelating N ligands were shown to be efficient catalyst precursors for these mild electrochemical reactions.
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Comprehensive Kinetic Screeningof Catalysts
Using Reaction Calorimetry
D. G . BLACKMOND,T. ROSNER and A. PFALTZ, Org. Process
Res, Dew., 1999, 3, (4), 275-280
A protocol based on reaction calorimetry was developed that offers a multidimensional kinetic and stability profile of a catalyst candidate in liquid and multiphase reactions. The experiments helped to identify
new Pd complexes with N ligands as catalysts that are
efficient, relatively stable and more active than catalysts based on phosphine ligands which are usually
employed in Heck coupling reactions.

Allylic Substitutionwith Dendritic Palladium
Catalysts in a Continuously Operating
Membrane Reactor
N. BRINKMA",
u . KRAGL,

D. GIEBEL G. LOHMER, M. T. REETZ

and

3 Catal., 1999, 183, (2), 163-168
Diaminopropyl-type dendrimers (1) bearing Pd phosphine complexes were found to be retained by ultraand nanofiltration membranes. (1) were used as catalysts for allylic substitution in a continuously operating chemical membrane reactor. Retention rates
were > 99.9% resulting in a sixfold increase of
the total turnover number for the Pd catalyst. (1)
are useful for homogeneous catalyst recovery.

Counter-Ligand and Solvent Dependent
Oxvnen-Metal
Interactions of Hemilabile
,o
Coordinating Hydroxy Groups in Chiral
Diphosphine Rhodium(1) Hydrogenation
Catalysts
S. BORNS, R. KADYROV, D. HELLER, W. BAUMANN, J. HOLZ

and A. BONER, Tetrahedron: Asymmetry, 1999,10, (8),
1425-1431
The interaction of the hemilabile co-ordinating HOgroups with Rh in Rh[(R,R)-1,4-bis(diphenylphosphino)butane-2,3-diol] was shown to be strongly
dependent upon the nature of the counter ligand and
the solvent. Due to their strong rr-accepting properties, olefins were found to strengthen the attractive
interaction between the HO-group and the metal.
Counter ligands with reduced rr-accepting properties
such as MeOH do not favour these interactions.
Spectroscopic and catalytic investigations demonstrated that thes q'so-ordination mode of the tetradentate ligand was responsible for the deceleration of the
asymmetric hydrogenation.

Purification Technique for the Removal of
Ruthenium from Olefin Metathesis Reaction
Products
and R. H. GRUBBS, Tetrahedron Lett.,
1999,40, (22), 41374140
Ring-closure metathesis products of reactions using
RuCl,(=CHPh)(PCy3), as a catalyst were purified of
unwanted Ru by utilising the H,O-soluble co-ordinating phosphine, tris(hydroxymethyl)phosphine,
P(CH,OH), (1). An aqueous extraction or silica gel
purification may be used. In the case of an aqueous
extraction, 10 equivalents of (1) is required to transfer the Ru to the H 2 0phase.

H. D. MAYNARD

Platinum Metals Rev., 1999, 43, (4)

Acyclic Diene Metathesis (ADMET)
Depolymerization: Ethenolysis of 1,4Polybutadiene Using a Ruthenium Complex
M. D. WATSON and K. B. WAGENER, 3.Pobm. Sci.A :
Polym. Chem., 1999,37, (12), 1857-1861
a,o-Vinyl-terminated butadiene oligomers were
obtained by the cross-metathesis of C,H, and 1,4polybutadiene catalysed by RuC12(=CHPh)(PCy,),.
The trend in conversion with varied ethylene pressure
was studied in order to obtain the highest conversion to the monomer 1,5-hexadiene.

Ruthenium-0x0 and -Tosylimido Porphyrin
Complexes for Epoxidation and Aziridination
of Alkenes
and w.-Y. Yu, pure Appl. Chem., 1999, 71,
(2), 281-288
[Ru"'(Por)O,] (1) were readily obtained by the oxidation of [Ru"(Por)(CO)(MeOH)] with PhIO or mchloroperoxybenzoic acid. Similarly, PhINTs gave
[Ru"'(Por)(NTs),] (2). (1) are good oxidants for alkene
epoxidation with high selectivities being achieved.
Procedures for catalytic epoxidation of alkenes using
Ru porphyrin catalysts were also developed. (2) was
shown to undergo aziridination of alkenes and
amidation of alkanes in organic solvents.
C.-M. CHE

FUEL CELLS
High Energy Ball-Milled Pt and Pt-Ru
Catalysts for Polymer Electrolyte Fuel Cells
and Their Tolerance to CO
M. c . DENIS, G. LALANDE, D. GUAY, J. P. DODELET
R. SCHULZ, j? Appl. Electrochem., 1999, 29,

and
(8),

951-960
Pt,)>-Rue was produced by high energy ball milling,
but gave a low specific area material that performed
poorly as anode catalysts because the nanocrystals
had aggregated. Improved specific areas were obtained
by milling Pt, Ru and Al in a 1: 1:s atomic ratio. After
leaching Al, this composite catalyst (Pt, rRun (Al,))
had a specific area of 38 m2 g I. It showed good H,
oxidation performance and C O tolerance in PEFCs.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Magneto-Optical Recording on CoPtRe Alloy
Films as a Novel Material
Y. TAKEDA, T. UMEZAWA, K. CHIBA, H. SHOJI
M. TAKAHASHI, IEEE Trans. Magn., 1999, 35,

and
(4),

2 166-2 177
Magneto-optical (MO) disks using CoPtRe films were
investigated for blue laser recording. Figures of merit
and Kerr values were estimated for a quadri-layer
structure in a MO disk. About 15 nm of a thickness
of CoPtRe was calculated to be suitable for optical
properties. MO recordings were made on a CoPtRe
disk at wavelengths of 530 and 830 nm, and both write
and read processes behaved normally. The recording
properties were almost equivalent to those for Co/Pt.
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NEW PATENTS
CHEMICAL COMPOUNDS

APPARATUS AND TECHNIQUE

Bis( alkylcyclopentadienyI)ruthenium

Exhaust Emission Control Device

KOJUNDO KAGAKU KENKYUUSHO K.K.

SUMITOMO ELECTRIC IND. CO.

Japanese Appl. 11135,589
Bis(alkylcyclopentadieny1)Ru complex is produced
by reacting Ru trichloride hydrate and ethyl cyclopentadiene or isopropyl cyclopentadiene with Zn powder in an alcohol solvent. Ru-containing thin films are
prepared by chemical vapour deposition, by contacting a heated base with bis(ethylcyclopentadieny1)Ru
(1) or bis(isopropylcyclopentadieny1)Ru (2). At 20"C,
(1) and (2) are in the liquid state.

European Appl. 925,823A
A device with good exhaust emission control performance and high durability is contained in an intermediate part of an exhaust system. It comprises a heat
resistant porous body (l), carrying a mixture of A1
oxide and Cu oxide (grain size 0.1-5 pm) and Pt on
the surface and inside. It is produced by applying a
slurry of Cu and Al oxides to (1) and baking, and then
applying the H,O-soluble Pt compound and baking.

ELECTRODEPOSITION AND
SURFACE COATINGS
Palladium Electrolytic Bath
AM1 DODUCO G.m.b.H.
European Appl. 9 16,747A
An electrolyte bath for the deposition of Pd and Pd
alloys comprises an aqueous solution of 1-50 g 1 ' of
Pd chloride, sulfate, nitrate or nitrite, a conductive
salt, a brightening agent (preferablyN-(3-sulfopropyl)pyridium betaine), a cross-linking agent and 0.01-3
g 1 ' sulfite and has a p H of 6-9.5. Thick Pd coatings
(> 10 pn) have high ductility, fewer cracks and a shiny
surface, and are used in jewellery and dentistry.

Aqueous Palladium Electroplating Bath
LUCENT TECHNOLOGIES INC.

European Appl. 92 1,2 12A
An aqueous Pd alloy electroplating bath comprises:
a Pd salt (1) and a first complex-forming ligand, an
alloying metal salt (2) and a second complex-forming ligand which brings the electroplating reduction
potentials of (1) and (2) closer. A bright, adherent,
ductile and stable 10-95% Pd-Co alloy is obtained
for electrical connector contacts, giving low resistance,
improved corrosion and abrasion resistance.

Platinum-Ruthenium Catalyst Coatings
DEGUSSA-HUELS A.G.
European Appl. 924,784A
A Pt-Ru catalyst contains finely divided alloying
particles (average crystal size of 0.5-2 nm) on a powdered electrically conducting carrier. T h e carrier
material is suspended in a solvent and a preformed
Pt-Ru alloy colloid is added at 20-1 1O"C, followed
by calcination at 200-400°C. The coating is used
for the gas diffusion electrode on the anode side of a
polymer electrolyte membrane fuel cell.

Catalyst Liquid for Electroless Platings
Japanese Appl. 111124,680
A catalyst liquid for electroless platings of electronic
components, contains an organic acid, such as malic
acid, oxalic acid, citric acid or tartaric acid; a H,O
soluble Pd salt and an ammonium compound. Malic
acid is preferably used. Electroless plating without
bridges between circuits is obtained.
E B A U U D m T E K.K.

Platinum Metals Rev., 1999, 43, (4), 176-178

-

Oxygen or Lambda Gas Sensor
HERAEUS ELECTRONITE I N T N.V.

WorldAppl. 99114,584A
A gas sensor, for simultaneous measurement of O2
andlor the airfuel lambda ratio and at least NO or
hydrocarbons in gas mixtures, comprises a reference
electrode, which represents a constant O?partial pressure; a solid electrolyte to conduct 0 ions; at least two
measurement electrodes, one of them made of Pt or
Pt alloy; and electrical connections for the measuring
signals. The arrangement of the electrodes delivers at
least two measuring signals simultaneously which
enables several gaseous constituents to be detected
with one sensor. It is used in automobile engine
control systems or to measure waste gas.

NOx Sensor Structure
ROBERT BOSCH G.m.b.H
World Appl. 99119,721A
A NOx sensor structure comprises a selective 0 ion
conductive layer and a gas permeable non-conductive layer of porous spinel structure or of porous Pt.
The NOx sensor measuring arrangement comprises
the above structure on a cathode. It is used for
monitoring exhaust gases from lean-burn engines.

Hydrogen Separation Membrane
MITSUBISHI JuKOGYO K.K. Japanese Appl. 11199,323
A hydrogen separation membrane (1) consists of PdAg alloy containing t 3 at.% of rare earth element(s)
selected from Y,Gd and Lu, such that 36 t 3y + x t
24, where the rare earth content is (y) at.% and the
Ag content is (x) at.%. (1) gives an excellent H permeation performance and high temperature strength.

Sensor for Detection of Gas Concentrations
HERAEUS ELECTRONITE I N T N.V.

German Appl. 1197144,224
A sensor for detecting the concentration of gases, such
as automotive exhaust gases, comprises a ceramic tube
closed at one end and partly
- covered bv a solid electrolytic material. The tube's outer face incorporates
sensor- and heater-contacts, and an actively heated
surface. The sensor surface is preferably Pt or Zr oxide,
and especially measures the presence of 0,.The sensor responds rapidly and accurately during the warmup phase, and remains accurate for a long service life.
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HETEROGENOUS CATALYSIS
Abatement of Organic Compounds

Simultaneous
Dehydrogenation
Isomerisation of Paraffins

and

European Appl. 9 13,193A
A catalyst for abatement of organic compounds in
H,O comprises Pt group metals, preferably Pt or
Pd, and Fe, Co, h4n and Ni oxides supported on activated C carrier. The raw H,O is enriched in a first
step with ozoneloxygen and in a subsequent step
passed through the catalyst. The catalyst is useful
for avoiding undesirable intermediate products from
the ozone treatment. It is used for H,O purification
from pesticides, phenols and noxious compounds.

US. Patent 5,880,324
Simultaneous dehydrogenation and isomerisation of
paraffins to isoparaffins and isoolefins is achieved by
contacting a paraffin and H, with an activated 0.1-1.5
wt.% Pdmordenite zeolite catalyst, at 250-800°C
using a paraffin space velocity of 0.1-1000-' and
H,:para%n ratio of 0.1-30. The catalyst is promoted
with 0.1-1.5 wt.% Zn, Sn andlor Cr. Side reactions
are minimised. The hydrogenated and isomerised
products are used in the manufacture of methyl
tertiary bury1 ether and isobutylenes.

Colloidal Palladium for Hydrogenation

Catalytic Reforming of Hydrocarbon Feeds

BASF A.G.

European Appl. 920,9 12A
Colloidal Pd for hydrogenating olefins, acetylene,
dienes and (un)saturated nitriles consists of Pd clusters with an average particle sue of 0.2-2.0 nm. The
colloid is produced by reacting a Pd salt with a reductant made of 4-30C alcohol, and a protective ligand
of phosphane and/or aromatic N compound at
0-3OO0C, followed by precipitation, adding a hydrocarbon solvent and drying. Heterogeneous catalysts
are formed by impregnating a carrier, such as AlzO,,
SO2,etc., with this colloidal Pd solution.

UOP L.L.C.
US. Patent 5,885,439
Three-step catalytic reforming of hydrocarbon feeds
involves contact with a bifunctional catalyst comprising a Pt group metal, a metal promoter, a refractory inorganic oxide and a halogen component; contacting the resulting effluent with a zeolitic reforming
catalyst and contacting the resulting aromatised effluent with a terminal bifunctional reforming catalyst.
The use of bifunctional and reforming catalysts allows
production of petroleum feed stocks with increased
aromatics content in the production of gasoline.

Catalysts for I.C.E.

I.C.E. Purification Catalyst

K. PEDERSEN

UNION CARBIDE CHEM. & PLASTICS TECHNOL.

U S . Patent 5,856,263
An exhaust gas catalyst for combusting CO and HCs,
and for the reduction of NOx from I.C.E. comprises
a porous, substantially pure a-Al,O, carrier, of porosity 0.243.6 cm'g I , surface area 0.2-10 m2g-' and average pore size 0.1-100 p.Pt or Pd and a promoter,
selected from Ce, Mo, Cr, Ti, La, Nb, Zr and the rare
earth metals are included. The catalyst is not washcoated and has improved stability over time, excellent
high-temperature and thermal-shock-strength.

Selective Oxidation Catalyst
UOP INC.

US.Patent 5,864,051

A catalyst for the selective oxidation of alkanes and
alkenes consists of a Pt group metal component, such
as Pt, Pd, Rh, Ru, Ir or their mixtures, and a SbO.
component, where x = 1.5-2.5. The noble metal component is present as particles and 1-30 mol% of the
particles are in the form of a Pt group metal-Sb metal.
Optionally, a modifier and/or a refractory inorganic
oxide may also be added to the catalyst. The catalyst has high activity for the selective oxidation of both
alkanes and alkenes to aldehydes and ketones.

-

Hydrogenationof Unsaturated Hydrocarbons

us. Patent 5,866,735
Highly unsaturated hydrocarbons (1) are contacted
in the presence of H, and a catalyst comprising a
Pd-containing material selected from Pd metal and/or
Pd oxides, an alkali metal iodide and an inorganic
support, under conditions that will convert saturated
(1) into less saturated (1). The process provides
enhanced selectivehydrogenation of alkenes, alkynes
and diolefins, with increased catalyst life and activity.
PHILLIPS PETROLEUM CO.
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INTEVEP S.A.

NISSAN MOTORCO. LTD.
Japanese Appl. 11147,596
A catalyst for purification of engine exhaust gas has
a catalyst component layer containing an inorganic
substance with 4-15 wt.% Pd. The Pd concentration
is 100-500 g c f ' in the catalyst. The principal component of the hydrocarbon absorbent is p-zeolite. The
concentration of the catalyst is maintained within predetermined limits. Hydrocarbons are purified efficiently and separated from an absorbent when the
temperature of the exhaust gas rises.

Nitrogen Oxides Decomposition Catalyst
Japanese Appl. 11157,473
A NOx decomposing catalyst for I.C.E. is manufactured by etching an alloy of quasi crystalline texture
to expose Pd or Pt out of its surface. The general formula is Allo0ta+biXaMnt,,
where X = Pd or Pt; 18 at.%
t a 5 22 at.% and 6 at.% S b 5 12 at.%. Characteristics
of the quasi-crystalline alloy as starting material were
inherited into the catalyst to raise its catalytic
activity and widen the temperature range in which it
displays the activity.
TOYOTAIIDOSHA K.K.

Ethylbenzene and o-Xylene
BASF A.G.
German Appl. 1/97/27,021
Ethylbenzene (1) and o-xylene (2) production from
8C hydrocarbons comprises dehydrogenation (aromatisation) of an olefinically unsaturated 8C hydrocarbon mixture, separation from a 4C hydrocarbon
fraction by dimerisation at 300-800°C and 50 bar
on a Pt group metal catalyst supported on an amphoteric ceramic substrate. In contrast to all existing
processes of this type, which give low yields of 8C aromatics, this process is claimed to give high yields
and very high selectivity for (1) and (2).

-
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HOMOGENEOUS CATALYSIS
Soluble Cyclopentadiene Homopolymer
European Appl. 890,585A
Soluble cyclopentadiene homopolymers (CpP) are
produced by polymerisation using a Pd complex catalyst containing an alkyl cyanide ligand and a stable
anion. Also claimed are (i) CpP with a mol. wt. of 10'
- 10' and < 35% 1,2-linkages, and (ii) the above Pd
catalyst optionally combined with a Pd-co-ordinated
olefin or diolefins. The process enables the production of CpP with a very low content of 1,2-linkages
resulting in better solubility in many solvents.

BASF A.G.

Hydroformylation
of
Unsaturated Compounds

Ethylenically

European Appl. 903,333A
Hydroformylation of ethylenically unsaturated compounds with CO and H, is performed in the presence
of a catalyst system comprising: (a) Pd, Pt or Ni
cations, (b) anions other than halide, (c) at least one
bidendate ligand, and optionally (d) a promoter. The
catalyst system has molar ratios (a):(b):(c) = 1:2:1,
a solubility of 10 x 10 -I mole of the cation (a) per litre
of the liquid mixture. The hydroformylation products
are separated from the catalyst system in a solventless
evaporative separator.

SHELL INT. RES. MIJ. B.V.

Preparation of Formylimidazole Derivatives
European Appl. 9 13,394A
The preparation of 4-halo-5-formyl-(or 4-formyl-5ha1o)imidazole derivatives (1) comprises catalytically
oxidising the corresponding hydroxymethyl-imidazole compounds in the presence of Pt/Bi or Pt/Pb catalyst and H,O,. (1) are useful intermediates in the
preparation of pharmaceuticals such as diuretics and
antihypertonics. The process avoids the formation of
byproducts and reduces reaction times.
LONZA A.G.

FUEL CELLS
Electrode Catalyst Powder
MATSUSHITA E1,ECTKIC IND. CO. LTD.

Europeari Appl. 898,3 18A
An electrode catalyst powder is produced by oxidising a Pt complex compound to form a colloidal solution of an oxide of the Pt complex, adjusting the p H
of the solution to t 6, and depositing the colloidal particles onto an electrically conductive C powder. Also
claimed is the above method wherein a solution of
RuC12is added after adjusting the p H to form colloidal Ru particles. The powder is used for fuel cells.

Fuel Battery
JAPAN STORAGE BATTERY CO. LTD.

Japanese Appl. 11/16,587
A DMFC electrode consists of a solid polymer electrolyte film to which a cathode catalyst layer containing
Pt and Ru is attached by electroless plating. Pt- and
Ru-layers are formed on the surface of the electrolyte
film. C O is removed from the Pt surface by the Ru,
thus maintaining constant catalytic activity for the Pt.

Platinum Metals Rev., 1999, 43, (4)

ELECTRICAL AND ELECTRONIC
ENGINEERING
Metallised Material Production
FUJI PHOTO FILM co. LTD. European Appl. 892,089A
A metallised material, used to make flexible printed
wiring boards, is formed by first applying a polymeric
primer layer to the substrate, and then brought into
contact with a Pd-containing solution to make it
electrically conductive. Finally, a metal layer (film) is
provided by electroplating onto the electrically
conductive layer, resulting in easy electroplating.

Thick Film Conductor-Resistor Composition
NAT. STARCH. & CHEM. INVEST. HOLDING COW.

European Appl. 910,232A
A thick film conductor or resistor composition comprises in wt.%: 2-17 of a glass frit binder, 74-90 of
a mixed I'd-Ag powder, Pd:Ag is 55-63:45-37, and
balance an organic vehicle. The glass frit comprises
oxides of Li, B, Si and other metals. The composition has a sheet resistivity of < 62 mNsquare and a
low temperature coefficient of resistance, < 100 ppm
"C I . It is used for thick film resistors/conductors for
lightning surge protection, sense resistors, heating
elements and terminations for Ru-based resistors.

Photosensitive Conductive Paste
Japariese Appl. 11/31,416
Photosensitive conductive paste used in forming a
conductor pattern on a ceramic circuit substrate contains at least one conductive powder selected from Pt,
Pd, Au and Ag; an acryl-based copolymer with an
acid value of 40-200; a photoreactive compound; and
a photopolymerisation initiator. The paste forms a
fine pattern, gives low wiring resistance and reduces
transmission loss at high frequency in a transmitter.

TORAY IND. INC.

Internal Electrode Composition
Japanese Appl. 11/121,820
An internal electrode of a laminated piezoelecmc actuator includes ceramic material added to a Ag-Pd alloy
consisting of 70-50 wt.% Ag and 30-50 wt.% Pd. The
laminated type piezoelectric actuator has a high productivity and product reliability without any melting of the internal electrode part.
HITACHI LTD

TEMPERATURE MEASUREMENT
High Temperature Sensor
German Appl. 1/98/30,821
A temperature sensor for automobile exhaust pipe
and/or catalyst, has an insulating substrate, a metal
film with a resistor structure, Pt connection electrodes
and Pt-Rh alloy wire leads connected to the connection electrodes. The sensor element can be used up
to 1000°C and has a high mechanical strength in its
connection section.

MURATAMFG. CO. LTD.

The New Patents abstracts have been prepared from
material published by Dement Information Limited.

178

NAME INDEX TO VOLUME 43
Page

Abe, K.
Abys, J. A.
Acres, G. J. K.
Adrian, H.
Aegerter, C. M.
Ager, C.
Ager, D. J.
Agganval, V. K.
Ahmed, S.
Akima, T.
Akinaga, Y.
Akulinichev, V. V.
Albano, G.
Albisson, D. A.
Albrecht, M.
Aldea, R.
Alessio, E.
Alimov, V.
Allen, R. W. K.
Al-Mandhary,
M. R. A.
Alonso, J. A.
Alonso-Vante, N.
Alper, H.
Alves, 0. L.
Amphlett, J. C.
Amstrong, D.
Andrews, L.
Angelici, R. J.
Anovitz, L. M.
Antsyshkina, A. S.
Arai, H.
Aramata, M.
Aramendia, P. F.
Arendt, P.
Argazzi, R.
Arikawa, Y.
Armistead, P. M.
Ash, M. L.
Ashton, S. V.
83,
Attard, G. S.
Auer, E.
Augustine, R. L.
Azuma, M.
Bacal, M.
Baiker, A.
Bailey, A. J.
Baker, B. S.
Baldo, M. A.
Balzani, V.
Baradlai, P.
Bare, W. D.
Barnard, C. F. J.
Barnard, W. 0.
Bartelt, M. C.
Bartelt, N. C.
Bartok, M.
Barton, J. K.

45
130
153
I29
88
88
138
107
17
88
84
166
173
44
131
87
I62
166
105
84
84
85
87
84
166
72
172
114
172
129
86
40
85
45
42
88
131
30
1 13,
145
161
29
30
44

I66
29,86
133
I49
12
69
41
172
158
41
73
73
44
84

Page

Puge

Basavaiah, D.
133
I33
Basra, S.
84
Batail, P.
82
Bauer, E.
175
Baumann, W.
Baumeister, P.
29
Beatty, R. P.
30
Beaurepaire, E.
83
44
Bedford, R. B.
130
Beer, P. D.
Bebrends, A.
18
Belakhovsky, M.
I72
BeUer, M.
30
Belser, P.
173
Ben Abdelouahab,
F.
85
Bergbreiter, D. E.
30
Bertani, R.
157
Besenbacber, F.
I29
87
Bessard, Y.
83
Bessiere, M.
Bianchi, D.
133
I59
Bianchini, C.
42
Bignozzi, C. A.
I52
Binder, M. J.
30
Birtill, J. J.
Bjerke, A. E.
I73
Blackburn, J. M.
130
Blackmond,
D. G.
161, 175
29
Blaser, H.-U.
I74
Bodke, A. S.
29
Bodmer, M.
Boguslavsky, 1.
130
87
Bohm, V. P. W.
88
Bonitatebus, P. J.
Bonnet, M. C.
I54
Borner, A.
I75
Borns, S.
I75
I33
Bortolo, R.
85
Bossi, M. L.
Bottcher, A.
172
88
Bottger, M.
I73
Bradley, J.-C.
Braunstein, P.
I65
84
Brec, R.
I30
Breck, G. F.
Brinkman, J. A.
30
175
Brinkmann, N.
Brown, G. M.
157
172
Bruhn, C.
133
Bruneau, C.
Bryden, K. J.
43
84
Bull, L. M.
45
Bulliard, M.
Burnell-Gray, J. S.
59
16
Busick, D.
I66
Busnyuk, A.

Cadman, J.
I30
Cameron, D. S.
I49
Campi, E. M.
154, 174
Capitan Vallvey,
L. F.
31
Carbonio, R. E.
84
Carpentier, J.-F.
45
Carrette, L. P. L.
133
Carta, G .
157
Case, B. L.
30
Castillon, S.
88
Cattaneo, C.
173
Cawthorn, R. G.
146
Chaker, M.
131
Chalk, S. G.
150
Chamberlain, M.
30
Chan, M. C.-W.
I30
Chan, W. K.
I30
Chan, W. Y.
59
Chang, J.-R.
88, I31
Cbang, P.
85
Chapon, C.
83
Chateau, L.
44
Chaudret, B.
I62
Chavez, F.
86
Chawdhury, N.
83
Che, C.-M.
85, 130, 175
Chertihin, G. V.
I72
Cheung, T.-C.
85
Chi, Y.
I29
Chiba, K.
175
Chistov, E. M.
I67
Choi, S. C.
145
Choi, W.-K.
I45
Choudhary, V. R.
43
Christofides, C.
I55
30
Cbuang, C.-Y.
129
Chujo, Y.
Cbun, W.
131
131
Chung, D.-L.
86
Chung, M. J.
44
Chung, Y. K.
I32
Cinihulk, J.
I72
Citra, A.
86
Clausen, B. S.
88
Claver, C.
132
Clifford, A. A.
174
Clinet, J. C.
162
Coc, B. J.
Cole-Hamilton,
I59
D. J.
29
Coman, S.
131
Cong, P.
I73
Cornaglia, L.
154
Cornils, B.
30
Costello, I.
161
Crabtree, R. H.
84
Cron, S.
Crooks, R. M.
I I3
88. 173
Cuhitt. R.

Cadeville, M. C.

Platinum Metals Rev., 1999, 43, (4), 179-182

83

Puge

Cucullu, M. E.
Cuif, J.-P.
Cuzens, J.

172
131
17

D’Aloisio, R.
I33
17
Dams, R.
Daraio. M. E.
85
42
Das, S. K.
59
Datta, P. K.
85
Dawson, J. H.
De Cola, L.
69, 173
de la Figuera, J.
73
Deelman, B.J.
105
86
DCgC, P.
43
Deng, J.-F.
I75
Denis, M. C.
Denissov, V. P.
166
DeShong, P.
132
131
Deutsch, S. E.
30
DeVries, R. A.
I72
Dhesi, S. S.
41
Diederich, F.
DiCguez, M.
I54
14
Dircks, K.
85
Disalvo, J.-P.
133
Dixneuf, P. H.
Dmochowski, 1. J.
85
Dobereiner, J. W.
122
Dodelet, J. P.
45, 175
Dominguez, E.
I73
131
Doolen, R. D.
Doroshin, A.
166
Dronskowski, R.
I29
Dubovik, M.
29
172
Dudzik, E.
Duiiach, E.
174
I72
Diirr, H. A.
42
Dutta, P. K.
133
Dyson, P. J.
Ebitani, K.
87
Ebrahimi-Moshkabad,
29
M.
Egonov, N. V.
I66
Eguchi, K.
86
Eichberger, M.
30
Eisenstadt, A.
30, 138
Eisenstein, 0.
I58
El Kbakani, M. A.
131
El Yakhloufi, M. H.
85
Elgafi, S. H.
30, 154
Elsevier, C. J.
I06
Ertl, G.
I72
Everaere, K.
45
Fagan, P. J.
Fan, Q.
Fan, Y.
Farrell, N.
Fateev. V.

I72
131
45
I63
1 66

179

Puge

Puge

Faubert, G .
45
Favretto, D.
I57
Fazle Kibria,
A. K. M.
I67
Ferro, R.
83
44
Fewer, R.
Fischer, B.
18
Fisher, G .
59
Fiskum, R.
15
86
F k h e , G.
Foltyn, S. R.
45
41
Fonds, R. W.
88
Forgan, E. M.
12
Forrest, S. R.
Forsthuber, S.
I29
Fourmigue, M.
84
Franchina, J. G .
30
Franco, D.
I74
Freund, A.
29
Freund, D.
18
I103, 164
Fricker, S. P.
Friedrich, H. B.
94, 167
Friend, R. H.
84
Fudamoto, Y.
41
Fuertes, P.
86
Fujihara, K.
42
Fujishima, A.
43
Fujita, M.
I62
Fukusbima, N.
45
Fukushima, Y.
61
Gabis, 1. E.
166
Gabriel, J.-C. P.
84
Gallezot, P.
86
Calvin, L. M.
88
Gandolfi, M. T.
173
Gao, H.
1 I4
Garnovskii, A. D.
129
George, M. W.
164
George, R. A.
152
Gerisch, M.
172
Giaquinta, D. M.
131
Ciebel, D.
175
Gillet, E.
85
Gimenez, F.
83
Giorgi, L.
I33
Giovannini, M.
83
Glidle, A.
I73
Goedkoop, J. B.
172
Goldshleeer. N. F.
I72
Goltsov, V. A.
116, 128
Gomez, M.
174
I

Gong, X.
Gonzalez, R. D.
Gordeev, S. K.
Gottesfeld, S.
Graham, G. W.
Gramlich, V.
Gray, H. B.
Greenbaum, D. S.
Greening, P.
Griffin, K. G.

130
I 74
166
151
131
41
85
71
72
29

Griftith, W. P.
Griftiths, P. R.
Griftiths, S. P.
Grigoriev, S.
Gron, L. U.

I60
I73
29
I66
87
29
GroR, M.
Groves, J. R.
45
158, 175
Grubbs, R. H.
167
Gryasnov, V. M.
Guadalupe, A. R.
130
Guan, S.
131
45, 175
Guay, D.
Guisnet, M.
86
149
Gummer, J.
Gummert, G .
151
Guo, D.
174
Guo, Y.
I30
Haar, C. M.
I72
Habicher, T.
41
Hall, J.
30
Han, J. W.
44
Han, S.
145
Handy, E. S.
I04
Harris, 1. R.
50
Harrity, J. P. A.
88
Hartung, R.
29
43
Hashimoto, K.
Hasselmann, G . M.
42
Hattori, T.
I32
Hauert, R.
167
Haukka, S.
86
Hayden, S.
30
Haynes, A.
I06
He, H.
I29
He, S.
157
He, Z.
43,85
Heaton, B. T.
I05
Heller, D.
I75
Helveg, S.
I29
Henry, C. R.
83
Herkes, E E.
29
Herr, A.
83
Herrmann, W. A.
87
Heuer, W.
150
Hidai, M.
88, 159
Hillman, A. R.
I73
Hilscher, G .
83
Hirao, K.
84
Hofer, W.
I29
Hoffmann, R.-D.
I29
Hogarth, M. P.
I33
Holmhom, G.
I30
Holmlin, R. E.
84
Holz, J.
175
Hong, S. 1.
86
Hope, E. G .
I07
Horch, S.
129
Hoveyada, A. H.
88
Hrbek, J.
73
Hsiao, T.-C.
88
Hsu, P.-F.
I29

Platinum Metals Rev.,1999, 43, (4)

Huaug, Y. S.
Huh, S.
Huijsmans, J.
Huth, M.
Hvid, U.
Hwang, C. S.
Hwang, R. Q.

Puge

Puge

45

Kiennemann, A.
44
Kim, H. J.
43
Kim, J. S.
154
Kim, S.-H.
42
Kingshury, J. S.
88
Kircus, S. R.
131
Kirkland, S. L.
41
Kirsch-De Mesmaeker,
A.
42
Klein, A.
165
Kobayashi, H.
41
Kobayashi, T.
44
Koch, D.
86
Kochin, S. G.
129
Koel, B. E.
82, 129
Kogan, V. A.
I29
Koh, S.-K.
I45
Kohler, A.
x4
Kohno, M.
42
Kojima, K. M.
41
Koller, R.
129
Komatsu, S.
45
Konig, A.
151
Konno, Y.
83
Koo-armornDattana.
W.
30
Koppel, R. A.
86
Korotkov, V. 1.
166
Korovin, N. V.
166
Kotzyba, G .
129
Kragl, U.
175
Kubota, T.
161
Kui, H. W.
41
Kuipers, H. P. C. E.
I50
Kuleshov, N.
I66
Kun. 1.
44
Kiinnen, B.
I29
Kuriyama, N.
I66
Kusakahe, K.
166
Kushibiki. N.
I30

XX

P. P.

Ichikawa, M.
Igarashi, T.
Ikeda, M.
Inglebert, R.-L.
Ingo, G . M.
Inoue, H.
Inoue, Y.
Ishiguro, T.
Ishii, H.
Ishikawa, T.
lula, D. M.
Ivey, D. G .

I53
I29
174
45
73
41
40
40
x4
157
131
42.82
83
43
153
30
2

Jackson, W. R.
I74
Jacobsen, K. W.
I29
James, B. R.
164
Jen, H.-W.
131
Jia, Q. X.
45, 157
Jobic, S.
84
Johnson, B. F. G. 158, I62
Johnston, P.
29
Jones, H. N.
41
Jones, N. L.
I72
Jergen Koch, H.
149
Jourdan, M.
129
Jun, M.J.
88
Jung, H.-J.
I45
Juodkazis. S.
43
Kahal’nova, N. N.
Kadyrov, R.
Kagawa, A.
Kalck. P.
44.
Kalli, K.
Kalyuzhnaya, E. S.
Kamata, T.
Kamer,
P. C. J.
44, 106.
Kamigaito, M.
45,
Kandasamy, K.
Kaneda, K.
Katakis, 1.
Kauffman, G. B.
Kawakubo, T.
Kazakov, D. V.
Kazakov, V. P.
Kealey, P.G.
Kearns, L. M.
Keep, A. K.
Kelly, J. M.
Khalioullin, M.
Khan, M. S.
Khursan, S. L.
Kidani, Y.

42
I75
I67
154
I55
I32
42
I60
102
I67
87
I73
I22
45
42
42
88
I66

I05
I63
I66
x4

42
59

Lsegsgaard, E.
Lai, S.-W.
Lalande, G.
Lamhert, C. K.
Lampitt, R. A.
Landrum, G . A.
Laneman, S. A.
Larkin, M. 1.
Lawrence, S. E.
Layland, R. C.
Leadheater, N . E.
Ledjeff-Hey, K.
Lee, C.-Y.
Lee, G.-H.
Lee, H. K.,
Lee, J.
Lee, J. M.
Lee, K.-H.
Lee, S. L.
Lee, S.-H.
Lefebvre, S.

129
I30
175
I74
I33
I29
138
41
44
41
173
15

129
I29
145
43
45
85
88
85
83

180

Page

Page

Page

Leitner, W.
87
Lescano, D.
173
Lever, A. B. P.
163
Lewis, F. A.
167
Lewis, J.
84
Li, C.
172
Li, F. X.
157
Li, S.
86
Li, S.
86
Li, Z.
30
Liao, P. C.
45
44
Liao, S.-J.
Likholobov, V. A.
132
Lin, A. S.
88
Lin, S. D.
88
Lin, T.-B.
131
Lippert, B.
103
41
Liu, A. M.
Liu, B.
43
Liu, H.
83, 174
Liu, Y . 4 .
30
Livshits, A.
I66
Lohmer, G.
175
Lohse, 0.
87
Lomnicki, S.
132
Long, N. J.
84
Long, R. Q.
132
L6pez de Mishima,
B. A.
173
Lorensen, H.T.
129
Louw, c. w.
41
Lu, P.
157
Lucas, J.
73
Lufrano, F.
133, 166
Luke, G. M.
41
Luo, L.
172
Lupton, D.F.
18
Luther, B. P.
173

Marty, A.
172
Matoba, K.
88
42
Matsumura, M.
43
Matsuo, S.
Matsushita, T.
87
Maya, L.
157, 172
Maynard, H. D.
I75
McCabe, R. W.
131
McCarthy, T. J.
130
McFarland, E. W.
131
McLaughlin, P. A.,
87
McMorran, D. A.
83
McNutt, B.
I49
Meng, H.
43.85
Merker, J.
18
41
Merrin, J.
Meyer, G. J.
42
Michor, H.
83
Milani, B.
159
Mills, R.
71
Mingos, D. M. P.
162
Mir, A.
85
Misawa, H.
43
Mishima, H.
173
Mitchell, W.
17
Mitrokhin, S. V.
166
Mizukoshi, Y.
108
Mocuta, C.
172
Mohney, S. E.
173
Mohrmann, L.
61
Molenbroek, A. M.
86
Moon, D. J.
86
172
Moravskii, A. P.
Msrch, K. A.
I74
86
Moreau, M.
Mori, Y.
41
Morooka, S.
166
Morris, M.
72
Mortensen, M. W.
174
45
Mortreux, A.
Moucheron, C.
42
Mowery, M. E.
132
Muller, G.
174
Miiller, U.
167
Murakami, M.
130
Muthukumaran, K. 133
Myhurg, G.
41

Nicasio, M.-C.
84
Nicolaus, N.
86
Niehus, H.
172
41
Nierenearten,
J.-F.
Ning, Y.
62, 167
Nishihayashi, Y.
88
Nishikawa, T.
102
42
Nishiki, Y.
Nishimaki, M.
82
Nolan, S. P.
172
Nomura, K.
132
42
Nonaka, T.
Noro, K.
132
Nerskov, J. K.
I29
Notkin, M.
I66
151
Nowack, R. J.
Nozaki, K.
159
Nulez, P.
41

Ma, Y . 4 .
Ma, Z.
Mackenzie, A. P.
MacQueen, D. B.
Maddison, D.
Maede, Y.
Maeno, Y.
Magnoux, P.
Mahapatra, H.
Mahler, C. H.
Maitlis, P. M.
Makaryan, 1. A.
Malik, M. A.
Malik, S. A.
Mallat, T.
Mamman, A. S.
Mann, R. F.
Manorama, S.
Mao, Z. Q.
Maret, M.
Mariwala, R.
Marshall, W. J.
Martinez, J. L.

85
173
88
29
72
108
41,88
86
132
172
107
74
109
109
29
43
166
165

41, 88
83
29
172
84

Naehumi, B.
Nagai, H.
Nagata, Y.
Naka, K.
Nakabeya, K.
Nakamura, H.
Nakamura, Y.
Nakao, T.
Nakata, Y.
Nakato, T.
Nam, S.-E.
Narvhez, A.
Negishi, E.4.
Ng, W. Y.

Platinum Metals Rev., 1999, 43, (4)

41
130
108
I29
42
41
132
44
130
174
85
173
I54
I30

Oakes, R. S.
132
12
O’Brien, D. F.
Ogura, S.
42
42
Ohno, T.
12
Ohriner, E.
I66
Ohyabu, N.
Ojima, I.
30
Okada, Y.
82
Okayama, J.
40
Okuhara, T.
130. 174
Okutani, T.
130
174
Olschki, D. A.
Ono, Y.
42
131
Ontko, A. C.
165
Oro, L. A.
108
Oshima, R.
13
O’Sullivan, R. D.
I55
Othonos, A.
172
Over, H.
Paciello, R.
Pal, A. J.
Panster, P.
Panyella, D.
Park, K. Y.
Passalaequa, E.
Patin, H.
Patti, A.
Patti, A. F.
Paul, D. McK.
Pavlov, V.
Peng, S.-M.
Peppley, B. A.
Perera, A.
Perera, P.
Perov, A. A.
Perrard, A.
Peru tz, R. N.
Petrii, 0.A.
Pfaltz, A.
Phani, A. R.
Picquet, M.
Pietrowski, M.

154
104
29
174
86
133, 166
133
133, 166
174
88
173
129, 130
I66
86
71
172
86
84
166
175
I65
133
132

Page
Platzgummer, E.
Plevoets, M.
Pohl,K.
Poinsot. R.
Polo, A.
Poojary, D. M.
Popescu, I. C.
Potgieter, J. H.
Potter, R. J.
Pottgen, R.
Prahhakar, B.
Pratt, A. S.
Premkumar, J.
Pringle, P. C.
Pu, L.
Puri, V. K.

129
69
73
83
88
131

I73
41
12
129
43
50
42
I60
133
132

Radhakrishnan, U.
174
Rafailovich, M.
172
Raithby, P. R.
84, 162
43
Rajput, A. M.
Ralph, T. R.
17
Ramaraj, R.
42
Ranzi, E.
174
I65
Rao, V. J.
Raymahasay, S.
30
Rayner, C. M.
132
Reedjik, J.
61
Reek, J. N. H.
44
Reetz, M. T.
I75
Reid, C. E.
16
133
Ricci, M.
88
Riseman, T. M.
45
Rivera, R.
174
Rocamora. M.
84
Rocheleau. R. E.
87
Roduit, J. P.
83
Rogl, P.
172
Rogozia, M.
45
Romero, T.
Roper, J. M.
45
Roschupkina, 0. S.
172
Roshan, N. R.
167
Rosner, T.
I75
Ross, H.
72
Rossetto, G.
I57
Rossi, R.
167
Rossignol, F.
130
Roucoux, A.
133
160
Rourke, J. P.
113, 104
Ruhner, M. F.
Ruiz, N.
88
Russell, A. E.
I33
Sadikov, G. G.
Saito, N.
Sakai, -T.
Sakamoto, Y.
Saliba, N. A.
Salvador, P.
Samartsev, A.
Samson, Y.

129
82
166
I67
83
85
166
I72

181

Page

Page

Sanchez de Pinto,
M. 1.
173
Sano, K.
45
Sato, K.
42, 82
Satoh, K.
131
I32
Satsuma, A.
Sattler, G.
151
Sauvage, J.-P.
163
74
Savchenko, V. I.
Saville, P. M.
173
Sawamoto, M.
45, 102
84
Sayettat, J.
73
Schiffrin, D. J.
Schindler, K. P.
72
Sehmid, M.
129
I74
Schmidt, L. D.
Schreuder Goedheijt,
M.
44
133
Schulz, J.
175
Schulz, R.
Schwank, M.
I67
172
Scotti, M.
44
Scully, P. N.
45
Sehastian, P. J.
Sekine, C.
83
Sekizawa, K.
86
Self, K.
131
Sellmann, D.
164
Serp, P.
44
30
Sharma, S.
Shen, G.-C.
41
Shen, J.-C.
85
Shereshovets, V. V.
42
I32
Shezad, N.
Shih, J.-S.
85
Shin, J. C.
45
Shirotani, 1.
83
Shoji, H.
I75
Shoustikov, A.
12
Shul’ga, Yu. M.
172
Shur, V. B.
I32
Sibley, S.
12
Siegrist, U.
29
Sigrist, M.
41
Slovetsky, D. 1.
167
Smith, D. C.
172
Sokolov, J.
172
Solorza, 0.
45
Son, S. U.
44
I74
Serensen, A. H.
84
Sourisseau, C.
30
Sowa, J. R.
165
Spencer, J. L.
I54
Sperrle, M.
I29
Sporn, M.
133, 166
Squadrito, G.
Srinivas, G.
29
Steel, P. J.
83
Steinborn, D.
172
Stensgaard, 1.
129
Stepanova, S. 0.
I66
Stone, F. G. A.
165

Straschil, H. K.
Studer, M.
Suk, C . 4 .
Sun, L.
Sun, R. D.
Sung, J. S.
Sung, K.-M.
Suzuki, H.
Suzuki, M.
Swami, N.
Szakonyi, G.
Szollosi. G.

130
29, 161
45
86
43
166
88
I66
I30
I29
44

44

Tagliaferri, S.
86
Taguchi, J.
174
Takahashi, M.
175
Takashita, H.
I66
175
Takeda, Y
84
Taketsugu, T.
149
Tallantyre, M.
59
Talman, E. G.
166
Tanaka, H.
Tanielyan, S. K.
30
Tarasov, B. P.
166, 172
Tekkaya, A.
83
Tezuka, T.
83
Thakrar, J.
70
Theiss, W.
173
Thevenin, P.
87
Thompson, D. T.
114
12
Thompson. M. E.
Thorp, H. H.
131
Thundat, T.
157, 172
Tinsley, A. S.
87
Todd, 1.
72
Todo, S.
x3
41
Todokoro, Y.
Tomcshyi, L.
41
Torok, B.
29,44
Touchard, D.
133
Touret, 0.
131
Trauthwein, H.
30
Tributsch, H.
85
Tryk, D. A.
43
Trzeciak, A. M.
159
Tsai, Y.-L.
82
Tseng, W.-C.
129
Tu,w.
83
Tung, Y.-L.
129
Turner, H. W.
131
105
Turner, M. L.
Turribn, M.
85
Twigg,M.V. 28, 119, 168
Tyler, A. W.
88
Tzamarioudaki. M.
30

Ueda, A.
Ueda, J.
Uehara, 1.
Uemura, S.
Uemura, Y. J.

Platinum Metals Rev., 1999,43, (4)

44
45
166
88
41

Page

Ueoka, M.
Ulman, A.
Umezawa, T.

88
172
175

Van Den Broek,
A. C. M.
44
Van der Laan, G.
172
44
Van Grondelle, J.
Van Koten,
G.
108, 131, 160
Van Leeuwen,
P. W. N. M.
44
Van Santen,
R. A.
44, 106, 164
41
Van Staden, M. J.
41
Vandermeer, R. A.
Varga, K.
41
Varga, P.
129
Vargas, M. D.
84
Ventrice, T.
I74
Verhetsky, V. N.
166
Verkade, J. G.
87
Vincente, L.
86
Vit, Z.
132
Vogel, B.
17
Vogtle, F.
69
Volkert, M.
I67
Vollmar, H.-E.
I53
Voloshin, A. 1.
42
von Philipsborn, W. 131
von Zelewsky, A.
165
Vos, H.
163
Vos, J. G.
173
Vosejpka, P. C.
30
Wagener, K. B.
175
Wakayama, H.
61
Waldvogel, E.
87
Wall, V. M.
138
Walsh, M.
71
Wan, B.-S.
44
Wang, Y.
132
Ward, M. D.
I62
Warren, J. P.
71
Watkins, J. J.
130
Watson, M. D.
I75
Watt, R.
106
Weinberg, W. H.
131
Wells, P. B.
29
Wen, T.-C.
43
Werner, H.
I64
Weston, W.
I58
White, C.
107
White, H.
172
White.
59, 102, 157
K. W. P.
White, P.
61,69, 104,
108, 118, 157, 165, 167
86
Widjaja, H.
85
Wilker, J. J.
50
Willey, D. S.
Wilson, M.
16

Page

Wilson, R.
Wilson, R. W.
Winkler, J. R.
Winter, R. F.
Winterbottom,
J. M.
Wintermantel, E.
Wojciechowska,
M.
Wolter, S. D.
Wu, A.
wu, c.
Wu, F.
wu, G.
xu, s.
xu, Y.

132
173
43
86
43.85
43
130
44

Yagi, T.
Yaguchi. M.
Yam, V. W. W.
Yamamoto, T.
Yamamoto, Y.
Yamanaka, K.
Yanase, N.
Yang, B.
Yang, C.-H.
Yang, R. T.
Yang, X.
Yang, 2.
Yao, J. A.
Yasuda, M.
Ye, L.
Yee, C.
Yellowlees, L. J.
Ying, J. Y.
Yoneda, K.
Yoon, K. H.
Yoshida, H.
Yoshiyama, A.
You, Y.
Younus, M.
Yu, p.-R.
Yu, w.
Yu, w.-Y.
Yu, Y.
Yuanqi, Y.
Yuasa, T.
Yuen, C. W.
Yunusov, S. M.
Yust, c. s.

83
129
I63
83
174
41
45
I30
43
I32
174
62, 167
83
42
133
I72
I63
43
41
145
132
42
12
84
44
82
I75
130
133
41
41
132
172

Zanella, P.
Zarbin, A. J. G.
Zeng, Y.
Zhang, L.
Zhang, Y.
Zhao, M.
Zhao, Y.
Zhuo, X.
Zidan, R. A.
Ziegler, T.
Zur Loye, H.-C

157
84
43,85
30
I30
113
130
174
84
158
41

30
I73
84
I65
29
167

182

SUBJECT INDEX TO VOLUME 43
Page

Page

a = abstract
Acetic Acid, hydrocarbonylation, to higher acids, a
44
Acrylic Acids, in Heck reactions
138
Alcohols, allyl, hydrogenation
29
ethyl, dehydrogenation, a
43
oxidation, by PdLiNbO,, via acoustic oscillations 82
from P-ketoesters, Ru catalysed, u
45
hydrocarbonylation
154
105
methyl, carbonylation, Idl- catalysed
oxidation, by Ru, to aldehydes and ketones
94, I67
by Ru-Co-AI-CO, hydrotalcite/02, a
87
primary, secondary, oxidation of
94, 167
Aldehydes, a-,P-, y-hydroxy, by hydroformylation, a 88
branched-chain, from styrene derivatives, a
44
propanal, hydrogenation, a
88
Alkanes, Ru(lI1) GC detector for, a
85
Alkenes, aziridination, a
175
epoxidation, a
175
in Heck reactions
138
hydroformylation
154
hydrogenation
105
hydroxycarbonylation, a
44
Ru(ll1) GC detector for, a
85
Alkynes, hydrogenation
105
Ru(ll1) GC detector for, a
85
Ally1 Ethers, hydroformylations, a
88
Aluminides, coatings for gas turbines
59
Amines, fluoroanilines synthesis
29
heterocyclic, synthesis, a
174
Amino Acids, "unnatural", synthesis of
138
Ammonia, decomposition to N2, with PUTiO,, a
174
oxidation
44, 105
in nitric acid manufacture
62, 167
synthesis, K2[Os,(CO),,]/"Sibunit" C catalyst, a
132
132
K2[R~(CO),,]/"Sibunit"C catalyst, a
Antenna Effect, [R~(bpy)~]''
photoactive dendrimers 69
Arenes, hydrogenation
114, 133
Aryl Bromides, in Heck reactions
138
Autocatalysts, manufacture of
70, 168
Aziridination, of alkenes, a
175

Catalysis, (conf.)
book review
29
in carbonylation reactions, journal review
154
catalyst recycling
105
combinatorial chemistry techniques
105
heterogeneous, a
4 3 4 , 8 & 8 7 , 131-132, 174
homogeneous, a
44-45,87-88, 132-133, 174-175
in microreactors, for screening of catalyst libraries 105
PGM Conference
158
70, 168
Catalysts, auto-, manufacture of
in cold-plasma reactors, for VOCs, CH, oxidation
109
combined homogeneous and heterogeneous
114
homogeneous, molecular modelling of
I54
recovery, using filtration membranes, a
I75
separation
158
kinetic screening, using reaction calorimetry
158, 175
removal from olefin metathesis products, a
175
"tethered complex on a supported metal", TCSM
I14
three-way,
28,86, 119, 131, 168
for 2- and 3-wheeled vehicles
13
105
Catalysts, Iridium, Ir/A1201,NH, oxidation
pyridine hydrodenitrogenation, a
132
supported, hydrogenation of halogenated
nitro aromatics
29
Catalysts, Iridium Complexes, MI-, methanol
carbonylation
105
Catalysts, Osmium, K2[OsI(CO),,]/"Sibunit"C,
for NH,synthesis, a
132
86
Catalysts, Palladium, Cu-Pdy-AI20,, Cu-PdSiO,, a
Pd complexes/support, hydrogenation reactions
29
Pd-NUpolymer, styrene hydroesterification, a
44
Pd-Rh, Ce02-and non-promoted, exhaust
86
aftertreatment, a
Pd/AI,O,, for margarine production
74
Pdy-Al,O,, sol-gel preparation of, a
I74
86
PdC, CFC-115 hydrodechlorination, a
173
electrodeposition of Pd, a
heterocyclic amines formation, a
174
in heterogeneous Heck reactions
138
PdCeO,, model catalyst, a
131
Pd/CeO,-ZrO, solid solutions, model catalyst, a
131
with Pr, model catalyst, a
131
Pd/HFAU( 17) zeolite, o-xylene oxidation, a
86
PdLiNbO,, acoustic oxidation of C,H,OH
82
44
Pdmetal oxides, NO reduction, a
PdMgO, CaO and R.E. oxides, CH, conversion, a
43
Pdmixed oxides, CH, oxidation, a
86
Pd/Si02-Ce02,model catalyst, a
131
Pdstyrene-divinylbenzene,ethyl acetate synthesis, a 13I
Pdsupport, amination of aldehydes and ketones
29
132
PdZrO,, CH, combustion, a
PdCI,/A120,, for margarine production
74
Pt-PdCaCO,, hydrogenation of nitro aromatics
29
Pt/Pd, for poly(dipheny1siloxane) formation, a
130
for poly(diphenylsilylenemethylene) formation, a 130
Rh-Pd-Cu, combinatorial catalyst library, a
131
Catalysts, Palladium Complexes, allyl aryl ethers,
174
electrochemical cleavage, a
bis(dibenzy1ideneacetone)Pd. for allyl, phenyl
132
and vinyl siloxane coupling, a
87
2,3-dichloropyridines, alkoxycarbonylation, a
with N ligands, kinetic screening, a
175
orthopalladated triaryl phosphites, biaryl couplings, a 44
Pd(0) BIAN, alkyne hydrogenation
105
for coupling reaction
105
Pd,(dba),-BINAP-NaO'Bu,
Buchwald-Hartwig coupling
29
Pd with bidentate N ligand, for H20, synthesis, a
133
Pd phosphines with diaminopropyl dendrimers, a
175
Pd-catalysed addition of pronucleophiles, a
174
PdXantphosiTsOH, biphasic hydroxycarbonylation, a 44
Pd(F,-acac),, for coupling reactions, a
132

Ball Milling, high energy, a
175
Ballard, fuel cells
14, 149
Battery, high performance metal hydride alloy for
50
50
rech&geble
44,87
Biaryls, from coupling reactions, a
Binhasic. see Catalvsis
Bdok Rehews, "Caialysis of Organic Reactions"
29
"Cisplatin: Chemistry and Biochemistry
103
of a Leading Anticancer Drug"
154
J. Mol. Catal. A: Chem., carbonylation reactions
103
Cancer, drugs, AMD473, JM216, oxaliplatin
BBR3464
103, 158
book review
103
61
Pt(1V) complexes as antitumour agents
Capacitors, epitaxial, SrRuOJ(Ba, Sr)TiO,/SrRuO,, a 45
61
Carbon, fibres, as base for porous Pt nanofibres
Carbon Oxides, C02,from CO, over O-Ru(OOOI), a 172
supercritical, as a reaction medium
29, 61, 87, 130
CO, absorption on platinised Pt electrodes, a
173
86
desorption, on Pt/CeO,, Pt/ZrO,-CeO,, a
43
from methane, a
hydrogenation, a
132
oxidation, on Pt(100), a
86
oxidation to CO,, over 0-Ru(OOOI), a
172
tolerance of anodes, for PEMFCs, a
88
Carbonylation, catalysts for, journal review
I54
see also Hydrocarbonylation
Carhonyls, a
41, 84, 133,173
Carhoxylic Acids, from alkenes, Pd catalysed, a
44
Catalysis, biphasic
29,44, 154

Platinum Metals Rev., 1999, 43, (4), 183-188

183

Page
Catalysts, Palladium Complexes, (cont.)
Pd(OAc),, Heck reactions, a
87
Pd(OCOCF,)?, for coupling reactions, a
I32
Pd(PPh,),, 2-, 4-chloropyridines, Suzuki coupling, a 87
87
Pd(PPh,), formation, F-catalysed, u
87
phospha-palladacycles, Heck reactions, a
174
pronucleophile addition to C-C multiple bonds, a
Catalysts, Platinum, EuroPt- I . cinnamaldeyde
44
hydrogenation, a
86
Pt( 100). CO oxidation, a
I30
Pt, for poly(diphenylsiloxane) formation, a
for poly(diphenylsilylenemethylene) formation, a 130
45
Pt inclusion compounds, in PEFCs, a
29
Pt systems, ethyl pyruvate hydrogenation
29
Pt-PdCaCO,, hydrogenation of nitro aromatics
Pt-Rh, Ce0,- and non-promoted, exhaust
aftertreatment, a
86
88
Pt-Ru/C electrocatalysts, for PEMFC, a
Pt-Sn, C,H, oxidation, a
I 74
Pt/Al20,, cinnamaldeyde hydrogenation, a
44
enantioselective hydrogenation of
tri fluoroacetophenone
29
I05
NH, oxidation
pyruvates hydrogenation, a
I74
44
P K , cinnamaldeyde hydrogenation, a
determining oxygen in polymers
40
electrocatalysts, for DMFC, a
I33
hydrogenation of aromatic nitro compounds
29
PtlCeO,, automotive exhaust purification, a
86
43
Pt/MgO, CaO and R.E. oxides, CHI conversion, a
PtlPd, for poly(diphenylsi1oxane) formation, a
I30
for poly(diphenylsilylenemethylene) formation, a I30
I74
PtlPVP, pyruvates hydrogenation, a
Pt/SiO,, cinnamaldeyde hydrogenation, a
44
Ptlsupport, amination of aldehydes and ketones
29
Pt/Ti02, NH, decomposition
174
PtlZrO,-CeO,, automotive exhaust purification, a
86
[Pt(NH,),]/HZSM-5, NH, reactions
44, 105
Pt02,heterocyclic amines formation, a
I74
Rh-Pt-Cu, cornbinatorial catalyst library, a
131
Catalysts, Platinum Complexes, Pt-CNR2/Pd-Si02,
cyclohexanone hydrogenation
I I4
Catalysts, Rhodium, hydroformylation
29
Rh complexes/support, hydrogenation reactions
29
I33
Rh nanoparticles, arene hydrogenation, a
Pd-Rh, Pt-Rh, Ce0,- and non-promoted, exhaust
86
aftertreatment, a
Rh-Pd-Cu. Rh-Pt-Cu combinatorial catalvst librarv.
' a I3 1
132
Rh/AI-MCM-41, NO reduction with C,Hi, a
132
Rh/Ce02/Si02,CO hydrogenation, a
44
[RhI,(CO)2] , acetic acid hydrocarbonylation, a
Catalysts, Rhodium Complexes, cationic,
44
for styrene derivatives hydroformylation. a
29
enamine synthesis
hydroformy lation, intermediates
I05
in supercritical CO,, a
87
[Rh,(OAc),], chiral epoxides synthesis
105
Rh cyclopentadienes, alkene hydrogenation
105
Rh-CNR,/Pd-SO,, arene hydrogenation
I I4
114
Rh-CNRJM-SO,, arene hydrogenation
I05
Rh-xantphos, olefin hydroformylation
RhCI(PPh,),, maleic anhydride hydrogenation, a
I33
Rh(1) chiral diphosphines, for hydrogenations, a
I75
[Rh(~-S(CH,),NMe,)(cod)l,,hydroformylations, a
88
Catalysts, Ruthenium, P-ketoesters hydrogenation
29
K,[Ru,(CO),,]!"Sihunit" C, for NH, synthesis, a
I32
Mo,Ru,Se,/C, in fuel cells, a
45
Pt-Ru/C eletrocatalysts, for PEMFC, a
88
Ru complexes/support. hydrogenation reactions
29
87
Ru-Co-AI-CO, hydrotalcite, oxidation catalyst, a
Ru-phosphine/clay, a-keto-esters and -amides.
87
hydrogenation, a
Ru/active charcoal pellets, glucose hydrogenation, a 86
Rdcarbon molecular sieves
29
RdMgF?, for hydrodesulfurisations, a
I32
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Catalysts, Ruthenium, (cont.)
RuO/~/poly(4-~inylpyridine),
oxidation catalyst 94. 167
RuO,'~/zeolite-Y, oxidation catalyst
94, 167
Catalysts, Ruthenium Complexes, nitrile
hydrogenation
29
175
Ru, removal from olefin metathesis, a
88
Ru carhene, olefin metathesis, a
Ru porphyrins, alkene epoxidation, a
175
I75
RuCI,(=CHPh)(PCy,)>,metathesis reactions, a
[RuCI,($-arene)12, P-ketoester hydrogenation, a
45
133
RuCI,(PPh,),, Baylis-Hillman adduct isomers, a
methyl methacrylate polymerisation
45,102
Ru(l1) Ip-cymene( PCy?)CIRu=C=C=CPh,]'CF,SO,,
olefin metathesis. u
133
Ru(ll) oxazolinylferrocenylphosphine,
ketones hydrogenation, a
88
Ru(II) polyphosphines, carbonyl hydrogenation. a
88
94, 167
[ R U O ~ C I ~ ( Y - for
~ ~ 1) -hexanol
~],
oxidation
Cells, rechargeable
50
Chemical Fluid Deposition, Pt films, a
130
Chemiluminescence, see Luminescence
Chlorofluorocarbons, hydrodechlorination. a
86
44
Cinnamaldehyde, hydrogenation, a
Cinnamic Acids, by heterogeneous Heck reactions
138
Cisplatin, anticancer drug
61
book review
I03
Clusters, poly(oxyethy1ene)-grafted Pd, synthesis of, a I29
Pt, in AI,O,, a
I30
41
Ru carbonyl. a
see also Nanoclusters
Coatings, noble metal aluminides, for gas turbines
59
85
Ru(lI1) detector, for olefins detection, a
see also Deposition and Electrodeposition
Cobalt, CoxoPt?,,
films on Ru(0001),
83
magnetic anisotropy, a
Co-Pt films, magnetic properties, a
83
83
Colloids, Pt, polymer-stabilised, a
Rh, for biphasic catalysis, a
I33
105, 131
Combinatorial Chemistry, in catalysis
Rh-Pd-Cu, Rh-Pt-Cu alloy catalysts, a
131
Conferences, 3rd Anglo-Dutch Symp. Organomet.
105
Chem. Appl. Catal., Shefield, March. 1999
7th Int. Conf. Chetn. of the PGMs,
Nottinghdm, July, I999
58. 158
1998 Fuel Cell Seminar, Palm Springs,
California, Nov., I998
14
First Int. Conf. on Health Effects from
Vehicle Emissions, London, Feb., I999
71
I66
HYPOTHESIS Ill, St. Petersburg, July, 1999
Int. Fall Fuels and Lubricants Meeting
and Exposition, San Francisco, Oct., 1998
28
Int. Symp. on Iridium, Tennessee, March, 2000
12
SAE, Detroit, U.S.A., March, 1999
119
Seventeenth Conf. on Catal. of Organic Reactions,
New Orleans, 29 March-2 April, 1998
29
Sixth Grove Fuel Cell Symp.. London,
Sept., 1999
17. 149
Third Noble and Rare Metals: NRM-2000,
Donetsk, Ukraine, Sept.. 2000
I2X
86
Copper, Cu-Pd/y-Al,O,, Cu-Pd/SiO:, catalysts, a
83
CuPd, nanometric particles, a
Coupling Reactions, biaryl synthesis, a
44
Buchwald-Hartwig, for fluoroanilines synthesis
29
see also Heck Reactions
see also Suzuki Couplings
Creep, dispersion hardened Pt materials. Ir. Pt.
Pt alloys, Rh, high temperature
18
CRTTM,conference
71
88
Cyclohexanone, hydrogenation, a
Cyclohexene, hydrogenation, a
88
Dehydrogenation, EtOH, a
43
Dendrimers, diaminopropyl-type, + Pd phosphines, a I75
1 I3
Pt encapsulated
Ru photodctivc
69

184

Page
Deposition, sub-pm Pt patterning on TiO,, a
43
see also Coatings
see also Electrodeposition
Deuterium, interaction with C,Pt, a
I72
2,3-Dichloropyridines, alkoxycarbonylation, a
87
Diesel, aftertreatment, at SAE
119
Diffusion, self-, in Pt, a
I29
PDiketones, Pt complexes, synthesis of. a
I72
Dispersion Hardening, Pt and Pt alloys
18
DNA, probes, a
42, 84, 173
Dye, Pt, for electroluminescent devices
12

Electrical Contacts, non-alloyed
ohmic contacts, to Ill-V semiconductors
2
Electrocatalysis, 0s phenanthrolinedione, NADH
173
oxidation, a
Electrochemistry, a
173
Electrodeposition, nanostructured Pd, Pd-Fe films, a 43
Pd on conducting graphite, a
I73
Pd-Co films, for contact finish applications, a
130
platinised Pt, a
173
Pt microparticles in sulfonate-polyaniline film, a
43
Pt-Ru on Au, a
173
see also Coatings
scc also Deposition
Electrodeposition and Surface Coatings, a
4243,85, 13&131, 173
Electrodes, glassy C, poly[Ru(vbpy),'-]-modified, a
I3 1
poly[Ru(vbpy)?/vba]-modified, a
131
graphite, modified by 0 s phenanthrolinedione, a
173
IIQ, Pt microparticles, sulfonate-polyaniline film, a 43
[Os(bipy),(PVP),,,Cl]' polymer modified, a
I73
photoelectrodes n-RuS2,activation, a
85
platinised Pt, a
173
Pt, hydrophobic, a
42
low loaded, for PEFCs, a
I33
porous
157
Pt/C, by ion beam sputtering, a
I30
Pt/lr, micro-, for intracellular measurements
I67
RuOl, high dielectric thin films on Si substrate, a
45
Electroless Plating, onto catalytic Pd/ZnO thin films, u 43
for Ni-Ru-P membrane, a
43
Electroluminescent Devices, LEDs
I2
Emission Control, at SAE
28, 119
autocatalyst first manufacture
168
conference
28.71. 119
lean-bum gasoline engine aftertreatment
28, 119
new lcgislation
71, 119
plasma technology
28
three-way catalysts
28,86, 119, 131, 168
two-stroke engine aftertreatment
13.28
Epoxidation, alkenes, a
175
Epoxides, chiral, synthesis of
I05
Etching, electrochemical, of Pt/lr microelectrodes
I67
of Pt/lr microscopy tips, a
I74
Ethane, oxidation, over PI-Sn, a
174
Ethers, allyl aryl, electrochemical cleavage, a
174
Ethyl Pyruvate, hydrogenation
29
Ethylene, from C2H0oxidation, a
I74
Faujasite Cages, for anchoring,
Ru carbonyl clusters, a
41
Films, C o x C J on
h Ru(0001), magnetic anisotropy, a
83
Co-Pt, magnetic properties, a
83
CoPtRe, for magneto-optical disks, a
175
[Os(bipy)>(PVP),,CIIL,electrodes, a
I73
Pd and Pd-Fe, for H, separation, a
43
Pd-Co, electrodeposited, a
130
Pt, by hydrogenolysis of
dimethyl(cyclooctadiene)Pt(II), a
130
for electrodes, by ion beam sputtering, a
130
a-Pt02,by d.c.-sputtering, a
I72
see also Thin Films
Flat Panel Displays
12, 104
Fluoroalkanes, HFC-125, synthesis, a
86
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Fuel Cells, a
45, 88, 133, 175
Ballard
14, 149
ball milling of catalysts, for PEFCs. a
I75
conferences
14, 17, 149
Demonox'"
14
DMFC
14
flow field plates
14
HotSpot'" reformer
14, 149
MCFC
149
membrane electrode assemblies, MEA
14
MoRuSe electrocatalyst, 0, reduction, a
45
PAFC
14, 149
PEMFC, automobile application
14, 149
CO tolerance of anodes, a
88
portable and other applications
14, 149
stationary power plant applications
14, 149
transit bus application
14
(Pf5R&,(AL)) composite catalyst, for PEFCs, a
175
Pt electrodes, for PEFCs, a
133
Pt inclusion catalysts, for PEFCs, a
45
Pt-Ru/C eletrocatalysts. morphology of. a
88
Pt/C electrocatalysts, for DMFC, a
133
Sixth Grove Fuel Cell Symposium
17, 149
SOFC
I49
Fullerenes, C,,,Pt, interaction with deuterium, (I
172
polymerisation, on Pt( 1 I I ) surfaces, a
I29
Pt complex, a
41
Gas Turbines, nobel metal aluminide coatings
Gauzes, Pt loss from
Pt-Pd-Rh, Pt-Rh, for nitric acid manufacture
Glass, direct-heated Pt systems, a
Glasses, Ru02/glassnanocomposites, a
Glucose, hydrogenation, a
Grove Fuel Cell Symposium, Sixth

59
62, 167
62, 167
88
84
86
17, 149

Heck Reactions, of aromatic halides, 0
87
cinnamic acids, synthesis
138
heterogeneous
29, 138
in high temperature water, a
87
homogeneous
29, 138
in non-aqueous ionic liquids, a
87
Pd catalysts
29,87
Heterocycles, by hydroamination, a
174
by hydroformylation in scC02
29
bv hvdrocenation. a
I74
High Temperature, mechanical properties, of PGMa
I8
History, 25 years of autocatalyst manufacture
168
HansMerdnsky
146
Johann Wolfgang Dobereiner
122
Merensky Reef discovery, South Africa
146
transport of platina to Spain, late 18th century
31
14, 149
HotSpotTMReformer, conferences
Hydrohoration, Rh catalysed
29
Hydrocarhonation, alkenes, allenes, a
Ii4
Hydrocarbons, aromatics, oxidation,
by Ru-Co-AI-CO, hydrotalciteiO,, a
87
sensor, Pt Schottky diodes on n-type GaN, a
I73
Hydrocarhonylation, acetic acid, a
44
alcohols, olefins, organohalides
I54
Hydrodechlorination, CFC-I 15, with Pd/C, a
86
Hydrodenitrogenation, pyridine, a
I32
Hydroesterification, styrene, a
44
Hydroformylation, alkenes
I54
allyl ethers, a
88
heterocycle synthesis
29
1 -0ctene
I I4
oletins
44, 105
in supercritical CO?,a
87
in situ spectroscopic studies
105
styrene derivatives, a
44
Hydrogen, effects on physical properties of Pd
116
from methane, a
43
H,-promoted self-diffusion of Pt, a
I29
HYPOTHESIS III Symposium
I66

185

Page
Hydrogen, (cant.)
interaction with IrXH,(PPf,), (X = CI, I ) , a
84
non-destructive testing for, using Pd-SiO,/Si
I55
sensor, Pt Schottky diodes on n-type GaN, a
I73
43
separation by Pd and Pd-Fe films, a
Hydrogen Peroxide, biphasic synthesis of, a
133
Hydrogen Sulphide, reaction with Ru,C(CO),,, a
133
I05
Hydrogenation, alkenes
88
alkyl aryl ketones, alkyl methyl ketones, a
alkynes
I05
ally1 alcohol
29
arenes
114, 133
cinnamaldehyde, u
44
CO, a
132
cyclohexanone, a
88
2-cyclohexen-l-one, a
88
cyclohexene, a
88
ethyl pyruvate
29
glucose, a
86
halogenated nitro aromatic compounds
29
a-ketoamides, a-ketoesters, a
87
P-ketoesters, u
45
cyclic
29
maleic anhydride, u
I33
nitriles
29
nitro aromatic compounds
29
nitrobenzenes, with aldehyde substituents, a
174
propanal, a
88
pyruvates, a
174
trifluoroacetophenone
29
vegetable oils
74
Hydrogenolysis, dimethyl(cyclooctadiene)Pt(II), a
I30
Hydrotalcites, Ru-Co-AI-CO, catalyst, a
87
Hydroxycarbonylation, alkenes, a
44
Indium, R,PdJn (R = rare earth), properties, a
Iridium, conference
high temperature mechanical properties
Ir-modified aluminides, coatings for gas turbines
Pt/k microelectrodes, electrochemical etching of,
PdIr microscopy tips, electrochemical etching, a
Iridium Complexes, IrXH,(PPf,), (X=CI, I),
interaction with H2.a
PGM Conference
Iridium Compounds, I r 0 2 thin films.
by reactive pulsed laser deposition, a
on Si( 100) substrates, a
Pt/IrO, electrodes, a
Isomerism, of Baylis-Hillman adducts, a
of bis(2-hydroxy-4'-methylazobenzenato)Pt(II), a
Johnson Matthey, 25 years of,
autocatalyst manufacture,
autocatalyst plant for India
autocatalysts, three-way
CRTTM,particulate filter trap
DemonoxrMCO clean-up unit
fuel cell technology, MEAs
HotSpotrMreformer
motorcycle catalyst test facility
"Platinum 1999"
a-Ketoamides, hydrogenation, a
a-Ketoesters, hydrogenation, a
PKetoesters, cyclic, hydrogenation
hydrogenation, a
Ketones, hydrogenation, u

83
12
18
59
167
174
84
I58
131
131

43
133
I29
168
70
28
71
14
14
14, 149
13
118
87
87
29
45
88

Lean Burn, gasoline engines, at SAE
I I9
LEDs,
2, 12,43
from Ru(ll) terpyridine containing polyimides, u'
130
solid-state, from Ru(bpy)3(PF,)i
104
Liquid Petroleum Gas, sensor
165
Living Radical Polymerisation, of methacrylates 45, 102
Luminescence, chemi-, Ru complex, a
42.43
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Luminescence, (cont.)
Os(11) dipyridophenazines, as probes for DNA, a
photo-, by [Pt(thpy)(bzim)],, a
Pt cyclometallated complexes, for O2sensor, a
qucnching, in Ru(I1) phenanthrolines, a
Ru(bipy),"-KBrO,, sulfite determination, a
[Ru(bpy),]'- photoactive dendrimers
Ru(bpy),(PF,),/ITO
Ru(I1) bipy polyazo receptors, as anion sensors, a
Ru(ll) polypyridyl complexes, a
Ru(l1) terpyridine, a

84
130
85
85
85
69
I 04
130
173
130

Magnetism, anisotropy, of CoauPt2"
on Ru(0001), a
83
in C a T h (T = Pd, Pt), a
129
Co-Pt sputtered films, a
83
FePd alloy, chiral magnetic domain structures, a
I72
in R.PdJn (R = rare earth). a
83
Margarine, Pd catalysts, for production of
74
MEAs, in fuel cells
14
Membranes, Ni-Ru-Piceramic,
for EtOH dehydrogenation. a
43
Pd and Pd-Fe, for H2separation, a
43
Merensky Reef, 75th anniversary of discovery
I46
Metallodendrimers, Pt, gas sensor materials, a
131
Metathesis, acyclic diene, a
175
oletins, a
133
removal of unwanted Ru, a
175
ROMP catalysts
158
Ru catalyst, recyclable, a
88
Methane, combustion, over Pd/ZrO,, a
132
43
conversion to CO and H,, a
oxidation, in cold-plasma reactors
I09
Pdmixed oxides, a
86
photodissociation on Pd, a
84
Methyl Methacrylate, polymerisation of
45.102
MOCVD, Pt
157
RuO, thin films
45, 157
NADH, oxidation of, a
I73
NAIL, for Heck reactions, a
87
"Naklep", hydrogen-phase phenomenon
116
Nanoclusters, Pt/AI?O,, PtiPVP, a
174
Nanocomposites, RuOJglass, a
84
Nanoparticles, supported Cu-Pd catalysts, a
86
Pd and CuPd, on NaCI( IOO), a
83
Pt, on amorphous C film, a
130
by electrocrystallisation, a
I30
by sonochemical reduction
108
encapsulated by dendrimers
113
on sol-gel modified C film, a
130
thiol-functionalised, a
172
Rh colloids, in hiphasic catalysis, a
I33
Nanostructures, single monolayer of Ag on Ru(0001) 73
43
Nanotechnology, Pd and Pd-Fe alloy films, a
Pt porous fibres, replication of base
61
Nickel Alloys, Pd-Ni alloy composite membrane, a
85
rechargeable battery technology
50
Niobium, NbRu alloy, shape memory effect, a
41
Nitric Acid, manufacture, gauze technology
62, 167
Nitriles, hydrogenation, Ru complexes
29
Nitrobenzenes, hydrogenation of, a
I74
Nitrogen, fixation, by Ru model complexes
158
Nitrogen Oxides, NO, AMD-6221 in viva scavenger 158
44
reduction, by Pdmetal oxides, a
with CIH,, over RMAI-MCM-41, a
132
NMR, "'Os, "'Rh, a
131
1-Octene, hydroformylation
Ohmic Contacts, see Electrical Contacts
Oletins, hydrocarbonylation
hydroformylation
metathesis, u
Ru(lI1)icryptand-coated GC detector for, a
Organohalides, hydrocarbonylation
Osmium, '"'Os,NMR, a

1 I4

154
44. 87, 105
88, 133
85
I54
131

186

Page

Osmium Complexes, OS,(CO),~,photolysis, a
173
[Os,(CO),,], thermal decomposition, a
84
0 s phenanthrolinedione, NADH oxidation, a
173
[Os(bipy),(PVP),Cl]’, polymer film electrodes, a
173
Os(dmpe)>H,,photochemical properties, a
84
Os(I1) dipyridophenazine, photoproperties, a
84
PGM Conference
158
Osmium Compounds, 0s-0 thin films from OsO,, a 13 1
Oxidation, alcohols,
87,94, 167
aromatic compounds, a
87
C,HrOH, on Pd/LiNbOl, using acoustic oscillations
82
CJL, a
174
CH,, in cold-plasma reactors
109
over Pamixed oxides, a
86
172
CO, over 0-rich Ru(0001), a
on Pt( 100). a
86
NADH, a
173
NH,, Pt complex, a
44
to N2and H,O
105
silicon, Pt-enhanced, a
41
Sn/Pt(III) surface alloys, a
83
VOCs, in cold-plasma reactors
I09
o-xylene, over Pdlzeolite, a
86
85
Oxygen, evolution, by n-RuS, photoelectrodes, a
in polymers, determination of
40
reduction, in fuel cells, by MoRuSe electrocatalyst, a 45
by Pt catalyst, a
45
sensors, cyclometallated Pt complexes, a
85
Ru(I1) phenanthrolines in polydimethylsiloxane, a 85
Palladium, catalvtic on ZnO thin films,
for electroidss plating, a
43
CVD thin films, from allyl(8-ketoiminato)Pd(II), a 129
electrical contacts
2
electrodeposition, on conducting graphite, a
173
H, effects on
I I6
membranes, for H, separation, a
43
nanometric particles, a
83
nanostmctured films, a
43
NiMH surface modification
50
Pd-SiOJSi, for hydrogen detection
155
Pd/Ru coating, for rechargeable batteries
50
85
thin films, on a-and y-Al,O,, a
with tin oxide, sensor, for liquid petroleum gas
I65
Palladium Alloys, CuPd nanometric particles, a
83
FePd films, chiral magnetic domain structures, a
172
Pd-Cd, for contact finish applications, a
130
Pd-Fe membranes, for Hi separation, a
43
Pd-Fe nanostructured films, a
43
Pd-H, superstrength, hydride TRIP-effect
116
Pd-Ni composite membrane, a
85
Pd-Ni-P phase transformations, a
41
Pt-Pd-Rh catalyst gauzes
62,167
R,Pd,In (R = rare earth), properties of, a
83
Palladium Complexes, allyl(P-ketoiminato)Pd(lI),a 129
Pd with I ,4-bis(3-pyridyloxy)benzene, a
83
Pd(O,), (O,)Pd(O,) from laser-ablated Pd, a
172
PGM Conference
158
Palladium Compounds, CaPdln,, synthesis of. a
129
Pd clusters, poly(oxyethy1ene)-grafted,a
129
UPd,AI,, heavy fermion superconductor, a
129
Patents
4&48,89-92,134136,176178
PEMFC, fuel cells
14, 149
Petroleum, liquid gas, sensor
165
Phase Diagrams, Pd-Ga-As, Pd-In-P, Pt-Cia-As,
Pt-In-P
2
Phosphorescence, Pt dye
12
Photoconversion, a
42,8485,130, 173
Photoluminescence, see Luminescence
173
Photolysis, UV, of M,(CO),, (M= Os, Ru), a
Photoproperties, dithiocarbamate-Ru polypyridyl, a
42
mono- and di-nuclear complexes
158
Os(dmpe)?H,, a
84
Os(I1) dipyridophenazine complexes, a
84
Pt-loaded TiO, particles, a
42
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Photoproperties, (con?.)
[Pt(thpy)(bzim)],, photoluminescence, a
130
Ru complexes, photoprobes for DNA, a
42
[Ru(bpy),]” photoactive dendrimers
69
Ru(l1) bipyridyl polyaza receptors, as sensors, a
130
RuO,/NaiTi,O, photocatalyst, a
42
n-RuS2photoelectrodes, a
85
84
Photoreactions, CH, photodissociation on Pd, a
of KI solutions, a
42
0, reduction by immobilised [R~(bpy)~]”/Co(I1I),
a
42
Os,(CO),,. RU,(CO),~,solvent effects, a
I73
[Ru(bipy),]” derivatives, with cytochrome P450.,., a 85
Ru(bpy),’*/zeolite Y with water, a
42
water decomposition, by RuO,/Na,Ti,O,, a
42
Plasma, cold-, for VOCs and CH, oxidation
109
Plasma Technology, for auto emission control
28
31
Platina, in New Granada, history
Plating, Pt hydrophobic electrodes, a
42
“Platinum 1999”
118
Platinum, adhesion to PVDF
145
130
clusters, in Al,O, membrane, a
colloids, Pt/PVP nanoscale, a
83
88
direct-heated Pt systems, in glass processing, a
discovery of the Merensky Reef
I46
12
dye
2
electrical contacts
electrodes, high surface area
157
hydrophobic, a
42
Pt/C, by ion beam sputtering, a
130
H,-promoted self-diffusion of, a
129
18
high temperature mechanical properties
145, 157
ion beam sputtering of
43
microparticles in sulfonate-polyaniline film, a
nanofibres, porous
61
nanoparticles,by sonochemical reduction
I08
electrocrystallised on C film, a
130
encapsulation by dendrimers
I I3
thiol-functionalised, a
I72
41
for oxidation of silicon, a
platinised, IR absorption of CO on, a
I73
porous
61, 157
Pt(l11) surfaces, polymerisation of Cm,a
129
43
Pt, sub-pm pattern on Ti02,a
Pt/Ir microelectrodes, electrochemical etching of,
167
Pt/h microscopy tips, electrochemical etching of, a 174
Platinum Alloys, Co8$t20films on Ru(0001),
magnetic anisotropy, a
83
83
Co-Pt films, magnetic properties, a
I75
CoPtRe films, as MO recording material, a
high temperature mechanical properties
18
62, 167
Pt-Pd-Rh, Pt-Rh catalyst gauzes
129
Pt,&h,r(lOO), Pt,rRh,r( 1 I I), surface segregation, a
173
Pt-Ru. electrodeuosited on Au. a
83
Sn/Pt(III) surfack alloys, oxidation of, a
Platinum Complexes, bis(2-hydroxy-4‘-methyl129
azobenzenato)Pt(lI), isomers, a
I72
C,Pt, interaction with deuterium, a
dimethyl(cyclooctadiene)Pt(II),hydrogenolysis,
130
for Pt films, a
41
fullerenes, a
12
octaethylporphine Pt(Il), dye
I58
PGM Conference
85
Pt cyclometallated complexes, for O2 sensor, a
157
Pt cyclopentadiene, MOCVD precursor
172
Pt diketonate, cationic, synthesis, a
84
Pt diynes, synthesis and properties of, a
131
Pt metallodendrimers, gas sensor materials, a
84
Pt polyynes, synthesis and properties of, a
61
Pt(acac)>,as precursor for porous Pt nanofihres
61
Pt(1V) complexes, as antitumour agents
172
Pt(O,), (02)Pt(02),from laser-ablated Pt, a
130
[Pt(thpy)(bzim)],, photoluminescence, a
I03
Platinum Compounds, antitumour agents
129
CaPtIn,, preparation of, a
172
Pt oxides, from laser-ablated Pt, a

187
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Platinum Compounds, (conl.)
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Ruthenium Compounds,(cont.)

a-PtO,, sputtering of

157, 172
84
130
I29
living radical, of methyl methacrylate
45,102
Polymers, determining O2in
40
inorganic.aPdPS,] , [PtCI2(PnBu,)J with pyrazine, a 84
living radical
45,102
[Os(bipy),(PVP),,CI]' films, electrodes, a
I73
PVDF, Pt adhesion to
I45
Pronucleophiles,addition to C-C multiple bonds, a
174
Pyridine, hydrodenitrogenation, a
I32
Pyruvates, hydrogenation, over Pt catalysts, a
174

Polyhydrides, IrXHi(PPf,), (X= CI, I), a
Polyimides, with Ru(I1) terpyridine, for LEDs, a
Polymerisation, C,,, on Pt( 1 I I), a

Rare Earths, R,Pd,In (R = rare earth), properties, a
Reactors, cold-plasma, for VOCs and CH, oxidation

83
109
membrane, for dendritic Pd catalysts, a
I75
micro-, for screening of catalyst libraries
105
Trickle-Bed, for hydrogenations, a
86
Recording Film, CoPtRe, for MO disks, a
175
Recovery, separation of producticatalyst
158, 175
Reduction, NO, by Pd/metal oxides, a
44
42
O?,by [Ru(bpy)?]' with macrocyclic Co(II1). a
Rhodium, '"'Rh, NMR, a
131
high temperature mechanical properties
18
Rhodium Alloys, Pt2rRh71(
100). Pti,Rh,,( 1 1 I ) ,
surface segregation, a
129
62, 167
Pt-Pd-Rh, Pt-Rh catalyst gauzes
Rhodium Complexes, PGM Conferencc
I58
RhU) chiral diahosbhine. hvdroeenation catalvsts. a I75
Rhodium Compounds, H ' h S i . TiRhSi, ZrRhhi,
83
superconductivity of, a
S r M h O , ( M = Y, Sc, In). synthesis, a
41
Ruthenium, NiMH surface modification
50
Pd/Ru coating, for rechargeable batteries
50
Ru(0001), 0-rich surfaces, CO oxidation, a
172
single monolayer of Ag on, nanostructures
73
stainless steel, surfacc composition, a
41
Ruthenium Alloys, Ni-Ru-P composite membrane, u 43
Pt-Ru, electrodeposited on Au, a
173
shape memory effect, NbRu. TaRu, a
41
Ruthenium Complexes, C,Me,Ru(PR,),CI, a
I72
dithiocarbamate-Ru polypyridyl, photoproperties, u 42
PGM Conference
158
poly Ru vbpylvba-modified electrodes, a
131
Ru,(CO),,, photolysis, a
I73
[Ru,(CO),~],thermal decomposition, a
84
Ru,C(CO),,, for dehydrosulfurisation. a
I33
Ru carbonyl clusters in faujasite cages, a
41
Ru cyclopentadiene, MOCVD precursor
157
Ru model complexes, for nitrogen fixation
I58
[R~(bipy)~]",
photoreactions with P450,,,, a
85
Ru(bipy),'--KBrO,, for sulfite determination, a
85
Ru(bpy)?(PF&, for solid state LEDs
I04
[Ru(bpy),]", + macrocyclic Co(III), photoreactions. u 42
for 0, reduction, a
42
photoactive dendrimers
69
43
Ru(bpy),, in electrochemical LEDs, a
Ru(bpy),CI2,chemiluminescence, a
42
Ru(bpy),'-zeolite Y with water, photoreactions, a
42
Ru(1l) bipy polyazo receptors, luminescent sensors. a I30
Ru(ll) oxazolinylferrocenylphosphine,a
88
Ru(l1) phenanthrolines, for 0: sensors, a
85
Ru(ll) polypyridyl. luminescence, a
173
Ru(II) terpyridine containing polyimides, a
I30
Ru(III)/cryptand-coated detector, for olefins, a
85
Ru(phen),(PHEHAT): and RU(TAP)~(PHEHAT)".
photoprobes for DNA, a
42
[RuL'(Por)(NTs),], in amidations, aziridinations, a
175
[Ruv'(Por)Ol],for alkene epoxidation, u
175
Ruthenium Compounds, Bi,Ru,O, ~,
0 control, a
84
45
RuO,, high dielectric thin films, a
highly conductive thin films. on SiOJSi, a
45
thin films, by MOCVD
45, 157
~
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RuO,/Bi,O, annealing, Bi,Ru,O,-" formation, a
84
RuOJglass nanocompositcs, a
84
RuO?/Na,Ti,O,, for H 2 0photodecomposition, a
42
,I-RuS,, photoelectrodes, a
85
Sr,RuO,, superconductivity, a
41,88
SrRuO,/(Ba,Sr)TiOdSrRuO,, epitaxial capacitor, a
45
Schottky Diodes, Pt. on n-type GaN, a
Semiconductors, 111-V,electrical contacts to
Sensors, DNA, a

H, detection
hydrocarbon, a
liquid petroleum gas
luminescent, a
Oh a
olefins. a
propane. a
so>,a
sulfite, a
Shape Memory Effect, in NbRu, TaRu alloys, a
Silicon, Pd-SiOJSi, for hydrogen detection

I73
2
84, 173
155,173
173
165
I73
85
85
I73
85, 131
85
41
155

Pt-enhanced oxidation. a

41

Silowanes, cross-coupling, a
I32
Silver, single monolayer on Ru(0001). nanostructures 73
Sol-Gel, 0, sensor, a
85

Pdiy-ALO, catalysts, preparation of, a

174
108
I45
of a-PtO,
157. I72
Steel, stainless, Ru duplex, surface composition, a
41
Stress-Rupture, properties of PGMs
18
Styrene, hydroesterification, hydroformylation. a
44
Sulfite, sensor, a
85
Sulfur Oxides, SO2,determination, a
85
gas sensor materials for, a
131
Superconductivity, HtRhSi, TiRhSi, ZrRhSi, a
83
SoRuO,, flux-line lattices. a
88
time-reversal symmetry-breaking, a
41
Superconductors, heavy fermion. UPd,AI,, a
129
Supramolecules,with nitrogen ligands
158
Suzuki Couplings, 2- and 4-chloropyridines, a
87
Sonochemistry, for Pt nanoparticlcs preparation
Sputtering, ion beam. of Pt

Tantalum, TaRu alloy. shape memory effect, a
Thin Films, epitaxial, UPd.AI,, a

41
129
FePd alloy. chiral magnetic domain structures, a
172
la2,
by reactive pulsed laser deposition, a
131
on Si(100) substrates, a
131
0 s - 0 , by d.c.-glow-discharge, a
131
Pd, by CVD, from allyl(P-ketoiminato)Pd(II). a
129
Pd onto a- and y-Al,O,, a
85
Pd and Pd-Fe, for H? separation, a
43
Pd on ZnO, a
43
Pd-SiO,/Si, for hydrogen detection
155
poly(diphenylsiloxane), a
130
poly(diphenylsilylenemethylene). a
I30
Pt, by MOCVD
157
Ru(bpy),(PF,),, for solid state LEDs
104
RuO:, by MOCVD
45, 157
high dielectric, a
45
highly conductive. a
45
see also Films
Three-Way Catalysts
28,86. 119, 131, 168
Transistors, FET, HBT. JFET
2
Ultrasound, Pt systems, ethyl pyruvate hydrogenation 29
Umpolung, of aryl-Pd species, a
1 74
VOCs, oxidation

86, 109

Water, decomposition, photocatalyst. a

high temperature, as solvent for Heck Reactions, a
photoreactions. a
Xylene, oxidation, a

42
87
42
86

188

