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The Seventh Grove Fuel Cell Symposium
ISSUES OUTSTANDING IN THE RACE TOWARDS COMMERClALlSlNG FUEL CELLS
By Donald S. Cameron
The Interact Consultancy, Reading, England

The Seventh Grove Fuel Cell Symposium was
held in London at the Queen Elizabeth I1
Conference Centre from the 11th to 13th of
September 2001, with the theme "Commercialising
Fuel Cells: The Issues Outstandq". This reflects
the growth of a new industry, and progress
towards developing fuel cells as an established
means of power generation. The technology is
rapidly approaching commercial exploitation, led
by low temperature polymer electrolyte membrane
fuel cells. These are currently being demonstrated
in a wide range of stationary power plants for
industrial, residential and portable applications,
and in road vehicles. These fuel cells, which use
platinum group metals catalysts, represent a huge
new market. This selective review of papers deals
mainly with major trends in fuel cell research and
development, and focuses on a few large demonstration programmes currently in use.
As well as the now traditional poster displays,
the Symposium featured an exhibition by 34 fuel

cell and component manufacturers, includmg four
fuel cell powered vehicles, and an electric bicycle.
The programme included presentations from fuel
cell developers, power utilities, oil companies,
motor manufacturers, and government bodies. It
concluded with a session presented by financial
institutions, who are facilitating investment in the
growth of fuel cell technologies.
The Symposium attracted more delegates than
any previous European fuel cell meeting, with over
600 attendees, and an additional 100 exhibitors. It
was supported by ten organisations including the
International Energy Agency Advanced Fuel Cell
Programme, the European Fuel Cell Group and
the World Fuel Cell Council, and was organised by
Elsevier Advanced Technology.
Opening the Symposium, Nicky Gavron the
Deputy Mayor of London, hghhghted the problems of traffic congestion and pollution that
London, the largest European city, faces. London
is participating in a major demonstration of fuel

The Grove Medal
Gary Acres O.B.E. received ihe Sir Williani
Grove Medal during the Seventh Grove
Fuel Cell Symposium. The Grove Medal,
named afier the invenior of the fuel cell, is
presenied at each Grove Symposium to an
individual who has made a substantial
contribution to the advuncemeni offuel cells.
A former Research Director for Johnson
Matihey, Dr Acres has been involved in ihe
U.K.k fuel cell programme since the 1960s
and has played a prominent role in
developing and promoting their cause.
Dr Acres received the medal f m m
Alan Lloyd of lhe CaliJbrnia Air Resources
Board. He i.s pictured in ihe centre wiih
U r Lloyd (right) and Professor Lars
Sjunnesson (lgfi) qfsydkraji, who is the
new Chairman ofthe Grove Steering
Committee
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A go-kart built by the rider; Christian Schleier of Ballard Power Systems, powered by a 5 kW Ballard fuel cell running
on hydrogen. The go-kart is able to reach speeds of 50 km per hour: The drive characteristics of this electric vehicle
demonstrate excellent acceleration, as would be expected from a race kart, but without producing any emissions.
The dynamic behaviour of this kart is derived directly from the fuel cell - no buffer battery is needed

cell buses and is committed to develop clean
power sources. With a population and gross
domestic product similar to those of Switzerland,
London could provide a huge market.
The Symposium was divided into six main
aspects. The first was ‘Stationary Power
Generation’, includmg market development, critical issues, demonstration programmes, and a
discussion on exploitation. Second, ‘Research and
Development’, which is fundamental in the quest
to improve performance and to reduce costs.
Here, sessions on advanced materials and fuel processing and storage were included. The ability to
implement a fuel infrastructure and to operate on
a variety of fuels, particularly from renewable
sources is regarded as essential to the new technology. Other aspects included sessions on new
developments of ‘Fuel Cells for Defence
Applications’ and Tortable Power’ applications
and ‘Fuels Cells for Transportation’. The
Symposium was concluded by a series of papers
and a discussion on the role of the banlung industry in providing funding for the emerging fuel cell
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industry to provide sustainable growth. Poster sessions and an exhibition were integrated into the
proceedqs to stimulate discussion.

Grove Medal and Future Symposia
The sixth Grove Medal was presented by Alan
Lloyd of the California Air Resources Board to
Gary Acres, marking his retirement as Chairman
of the Grove Symposium Steering Committee.
Apart from chairing the committee from its inception, the award recognised his many years of
experience in catalyst research in both pollution
abatement and fuel cells. The possibility of an
annual Grove Symposium is being discussed, and
the new Chairman, Professor Lars Sjunnesson of
Sydkraft AB,Sweden, hoped that Dr Acres would
continue to provide an input to the Steering
Committee in his new role as Honorary President.

Stationary Power Generation
This session examined three aspects: the
Market, Critical Issues and Demonstrations. In a
keynote presentation, Heinz Bergmann of RWE
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Fuel cells as used for domestic appliances. In Germany,
EWE and Vaillant are to produce about ISOfuel cell
pilot units. The PEM fuel cells will have output of4.6 kW
and a thermal output of 7 kW

AG, the German utility company, described the
importance of new technologies for dispersed generation of power and heat products. By 2015 it is
anticipated that 30 per cent of power production in
Germany will be from relatively small, dispersed
sources which can provide useful heat as well as
electricity, some of which will be small enough to
be installed in individual homes. Of the options
available, includmg internal combustion engines,
gas turbines and microturbines, wind, solar power
and fuel cells, the latter offer the most promise,
combining h g h efficiency with low exhaust emissions, and ease of maintenance. RWE has formed
collaborative ventures with fuel cell producers
includmg Nuvera, Plug Power and MTU, together
with other companies such as central heating boiler manufacturers to make systems for residential
and industrial applications. A range of molten carbonate, solid oxide and polymer electrolyte fuel
cells are being extensively evaluated, and RWE
anticipate entering the market in 2004.
In his talk entitled ‘A Commercialisation
Strategy for Fuel Cell Micro-Generation Systems’,
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Jacques Smolenaars described how Plug Power,
Inc. have linked into a consortium with General
Electric Corporation, Engelhard Industries (providing reformer catalysts), Celanese (supplying
polymer membranes), RWE Engineering, and boiler manufacturers Vaillant to build dispersed power
generators. To date, they have built 217 systems,
and achieved certification by numerous bodies
including the Canadian Standards Association,
Underwriters Laboratory, the German TUV and
the US Fuel Cell Council. As well as 50 units for a
European Union sponsored programme, the consortium is building 75 distributed generators for
the Long Island Power Authority and 44 for New
York State Energy Research and Development
Authority, due for completion by the end of 2001.
In the Critical Issues session, Werner Tillmetz
of the International Electrotechnical Commission
(IEC) described a programme to develop worldwide standards for fuel cell power plants. In 1999
the IEC established Technical Committee TC105
to prepare standards for all fuel cell technologies
and all applications. This activity is being integrated with other organisationssuch as the International
Standards Organisation: ISO/TC197 is on the
hydrogen infrastructure and ISO/TC22 SC21 is
for electric road vehicles. Other agreements with
the Society of Automotive Engineers are in preparation. The scope of TC105 includes standards for
fuel cell modules, safety of stationary power plants
and their installation, fuel cell propulsion and auxhary power plants in transportation, and portable
units. Some of the sub-committees aim to establish
guidance on the &st standards within the next 2
years to assist the emerging fuel cell industry.
Other speakers during the Symposium hghhghted
the process of certification for stationary fuel cell
installations and gaining acceptance for them as a
major expense.
Included-in the Demonstration section was a
paper by Andreas Ballhausen of EWE AG, a
North German service provider for energy, the
environment, telecommunications and information technology. In collaboration with Sulzer
Hexis, a 1 kilowatt solid oxide fuel cell has been
evaluated since 1998 in a combined heat and
power mode. This has led to an order for 155 units

148

A molten carhonatefuel cell for

industrial cornhined heat and
powe,: The MTU HotModule.
installed at the Rhon Klinikum in
Bad Neustadt, is the secondfield
test installation so fa. Fuelled by
natural gas, the cell produces
250 kW of electricity and 170 kW
heat as high-pressure steam at
400%. used for air conditioning
and sterilisation

from Sulzer Hexis over the next 3 years, as well as
for 150 solid polymer electrolyte fuel cells, each of
4.6 kilowatts output from Vaillant for delivery in
2002 to 2003. EWE have already received 400
enquiries from their German customers offering
to help in their demonstration programme.
Zelijko Barisic of ALSTOM Ballard GmbH
described the joint venture between ALSTOM in
Paris and Ballard Generation Systems of Canada
to demonstrate stationary power plants throughout Europe. These polymer electrolyte fuel cells
are designed for outdoor installation, operating on
reformed natural gas to produce 250 kilowatts of
electric power in parallel to the grid. They can be
operated for electric power only or in a combined
heat and power mode, and may be remotely monitored. Following experience of i n s d h g and
operating the first unit, a CE-Mark for safety
approval is being set up to facilitate installation,
and a further five units are being installed in
Germany, Switzerland, and France for operation
between 2001 and 2003.
Michael Gnann, of MTU Motoren- und
Turbinen-Union Friedrichshafen) GmbH,
Germany @art of DaimlerChrysler) and Hans
Maru, of Fuel Cell Energy (PCE), U.S.A.,
described trials internal reforming molten carbon-
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ate fuel cells. In a licence and
technology cooperation with
FCE, MTU developed the 250
kilowatt HotModule fuel cell
and has operated a first pilot
co-generation plant at the
University of Bielefeld since
1999. A second unit began
operating at a hospital (the
Rhon Klinikum in Bad
Neustadt/Saale) in May 2001, while FCE is planning trials of u n i t s of up to 2 megawatts in the
United States. Achievements of the joint programme to date include improvements in cell
technology that should result in an operating lifetime of 40,000 hours. The design of the h@ly
integrated HotModule combines all the components of the carbonate fuel cell system in a
common thermally insulated pressure vessel. The
operation of field test units has demonstrated the
feasibility, operability and reliability of the concept.
A manufactunng facility has been established in
Torrington, Connecticut, and by the end of 2001 it
will be capable of producing 50 megawatts/year of
components. Alliances with other companies for
key component manufacture and for equipment
and distribution are under discussion.It is planned
to sell units for commercial and industrial applications, including operation on digester g a s
(methane and carbon dioxide) and gasified coal.
Phosphoric acid fuel cells have been developed
to a hgh level of reliability and longevity in the
United States and Japan, and details of their installation and operation were described by ToshiW
It0 of Tokyo G a s Company. Fuel cell power
plants are made by Fuji Electric in 50 kilowatt and
100 kilowatt sizes, while 200 kilowatt units are
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supplied by both Toshiba International Fuel Cells
and Mitsubishi Electric. In total, there are 199 fuel
cells in Japan, with 10 additional units installed
annually. Of these 61 fuel cells are being evaluated
in the Tokyo Gas distribution area, mainly in programmes sponsored by the New Energy and
Industrial Technology Development Organisation.
High operating reliability and availability have
already been demonstrated, and lifetimes can be
confidently predicted to be in excess of 5 years.
However, they are s d l relatively expensive at
$3,00&$4,000 per kilowatt, and efforts are in
progress to reduce capital costs. The hgh reliability of phosphoric acid fuel cells has led to their
being used in premium applications such as urinterruptible power sources for computer
installations and water treatment works in Japan
and they are being used in demonstration programmes throughout the world.

Research and Development:
Advanced Materials
Research and Development was divided into
two aspects on Advanced Materials and also Fuel
Processing and Storage, both vital to the success of
fuel cell technology and commercialisation.
Thomas Guth of DaimlerChrysler AG outlined
cost and performance targets needed to be met for
fuel cells in transport applications. The performance of polymer electrolyte fuel cells is limited
largely by the membrane characteristics.Advanced

cells will preferably work at low pressure without
the need to humidify air, and at &her temperatures (9&l10°C) to aid heat rejection. The latter
will also enable platinum metal loadmgs to be
reduced - further improving system economics.
As a means to reduce the volume, weight and
cost of polymer electrolyte fuel cells, INEOS Clor
(formerly ICI Chlorchemicals) have developed a
range of coated bipolar metal plates to replace the
gaphite materials typically used. David Hodgson
explained that these TEMcoat’ coated separators
incorporate the gas flow channels and exhibit
improved corrosion resistance and electrical conductivity. Currently titanium and stainless steel are
in use as an alternative to graphite separators, and
INEOS are hopeful of u s in g coated aluminium.
Professor Ray Gorte, of the University of
Pennsylvania, ‘hked about his work on lugh temperature solid oxide fuel cell anodes which are
capable of the direct oxidation of hydrocarbons.
By u s i n g copper cermets instead of the usual
nickel-based materials, it is possible to avoid the
growth of carbon fibres which typically occurs
during hydrocarbon oxidation at temperatures
above 700°C. Small cells have been operated on a
variety of liquid fuels including n-decane, toluene
and synthetic diesel, and analysis of the products
of oxidation indicate that no reforming
has occurred - the fuels have been directly and stoichiometrically oxidised to carbon dioxide and
water. Even when sulfur was deliberately added

Portable power sources require
high energy densities. B u r y
Lakenham of Defence Science
and Technology Laboratory
(Dstl) reported these theoretical
capacities for hydrogen storage
/generation, which assumes 0.7
V/cell in a PEMFC, Container
weight is included for
compressed gas and liquid H,
but not ancillaries. In the U.K.
MoD/D.stl, via QinetiQ, is
working on ammonia borane;
in the US..CECOM/ARO is
working with lithium
aluminium hydride/ammonia.
The efectiveness OfH storage
in carbon nano1ube.s has been
the subject of some controversy
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to the fuel stream to poison the anodes,
performance could be restored by treatment
with a steam/nitrogen mixture.

Research and Development:
Fuel Processing and Storage
John Speight (University of Birmingham)
reviewed the options for storing hydrogen
for fuel cells. A typical fuel cell powered
passenger car requires 5 kilograms of hydrogen on board to provide an adequate range.
The use of liquid hydrogen in cryogenic
stores imposes a 40 per cent energy penalty
in the liquefaction process, and results in up
to 3 per cent daily losses due to the g a s boiling off. Hgh pressure gaseous storage is
used, with advanced
cylinders A portable fuel cell,for a modern camcorderfrom the Fraunhofer
ISE, Freiburg. Inside the unit is a fuel cell stack with I6 bipolar
PrOvi*
UP to 12 Per cent by Weight of plates as the active element; a microvalve supplies hydrogen
hydrogen. various
are bcon- from a cylindrical metal hydride storage unit. There are also
fans inside the housing. The size and energv output (power
sidered for
hydro@n as
output 10 watts, energv content 20 Wh) of the unit are
ates or hydrides; these provide storage den- comparable to the equivalent rechargeable battery pack
sities of up to about 11 per cent by weight.
of a new Class 214 for the Greek and South
Finally, for certain applications, hydrogen may be
generated by controlled decomposition of chemi- Korean Navies. While a 3&50 kilowatt fuel cell
cals (sodium borohydride and lithium aluminium module is used for Class 21% an advanced 120
hydride); these provide 7 per cent by weight.
kilowatt module of similar size and weight has been
Talks by representatives from several major developed by Siemens AG. Two of these modules
companies, including Texaco, ExxonMobil, forming a 240 kilowatt system will be used in the
General Motors and XCELLSIS, highhghted the
Class 214 and to retrofit Class 209 submarines, and
need for efficient on-board reformers to convert are foreseen as being used in a Class 212B. For all
liquid hydrocarbon fuels to hydrogen, if large
submarine fuel cell systems to date, hydrogen is
numbers of fuel cell vehicles are to be rapidly stored within metal hydrides in cylinders, and oxyintroduced. This will avoid waiting for a hydrogen
gen is stored in cryogenic liquid form. However, to
refuehg infrastructure to be developed.
improve the operating range, methanol reformers
are being developed to provide a means of storing
Defence Applications
greater volumes of fuel in liquid form. In combinaAngela Psoma of HDW in Germany described tion with a palladium diffusion system, the devices
the use of polymer electrolyte fuel cells in an air- deliver sufficient hgh purity hydrogen for the 240
independent propulsion system for submarines. A
kilowatt fuel cell power plants.
combination of h h efficiency, low noise levels,
Portable Power
low magnetic signatures and low heat transfer to
sea water confers on these boats many of the
Military applications represent a substantial
attributes of nuclear power. This influenced the
niche market for small fuel cells, and the low
decision to equip all new German submarineswith
temperature polymer electrolyte type provides
a unique combination of high power density
the system. Six units of Class 212A are in production for the German and Italian Navies. In with low detectability. The ability to refuel these
February 2001 production started on submarines with small hydrogen sources such as chemical
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‘Fuel Cell Today’ - The New Internet Portal
Johnson Matthey announced the introduction of a new internet fuel cell portal, ’Fuel Cell
Today’ (http:/ /www. fuelcelltoday.com/) at
the Grove Fuei Cell S y m p i u m l‘k
aims at being the fuel d
w
s mastprehensive d authwieatmt website d

ia

tunities. The portal has no commercial or
national bias, being aimed solely to support the
mowing fuel cell industry as a whole and to help
M who seeks inhnmuon or contacts.
F d G I I Tdaf m d e s users with:
A sb@e h u m to gather, disseminate,
nd useful industry informa-

fael all &ol~gy. The por
A forum to increase the visibility of any
offers a froe &via
a singIe ontine iocauon
wh
th& M Mcell news, research, com- fuel cell indusq and to identify, contact and
menmy, d p i n and resourcei CM bc m
h
wd 8
O f pOdbk hdUSuia c c e d pad & users can learn h u t .nd d F = = partih &h important dtved- The opprtudy m COnmbuE 00, md parnologg a d induetry.
ticipte in, dlc fuel d communiq md to
lEcou& ttse p o d users can locarc new co~aboxarewith other usern on fuel d actividcs and miriatives.
contpce8 h m rhe lndustry Directory W i b
An interactive plarfom for fuel eell mato e r ~where the function and p p s c of fuel
mc
d&hbsC of
induspy
i n v e s m and cwstomm .in the industry, & mn be explainEd and p0-W
c ~g.i.p- awaretogctba with informatson
. onpamm#andleg- ployets and c o n ~ u m ~can
i s h h Vim ‘communrty’- the online forums ness regarding their value d MU.
AR educa~onalfacility on a q of fuel
and d k u e a h a - usen can mter and interact
urli
,&a industry participants, including c d technologies and hdi poactlttL
A dynamic ruource *Iloning users to
k d w q sperm pnd investors. Via ‘Events’
i& the M market dcvtlusers a n d
t che iistlngs of w o d h d e frtel din BDuch w
c& evurar nnd rcuvrtics. T h e a+v*
Tud c9 T d f cau k contact4 at:
Centn’ hns W e s o f links,
FA&,
and bnckpund mfomafion for d u d d m.fucloelltod.p.com; W 2 Hatton Garden,
(0120
+I
estabIishments. There i s a rapid response facil- London EClN 8EE, W.K; Tck -+
ity covcxlng the whole website. A ‘Careers’ 7269 8326;Fax: +44 $920 7269 816’3; E-mail:
in€o@helcelltoday.com.
D. M. JOlLIE
secnon carries posti.gs of fuel cell related pnsiDavid Jollie is the manager of Fuel Cell Today in Hatton
tions.
Garden. He is interested in the development of the worldwide
‘Fuel Cell Today’ provides sound views, and fuel
cell industry. His particular interests lie in new
information on resources and business oppor- technologies, energy and resource conservation.
cialisanon of

generators makes them commercially competitive
with military primary and secondary batteries. A
target energy density for very small man-portable
fuel cell/hydrogen store systems is 1,000 watthours per kilogram, with larger units possibly
operating on liquid fuels offering up to 3,000 watthours per kilogram. Work on small portable power
units for the United Kingdom Ministry of Defence
was described by Jon Moore of Advanced Power

Plalinrrm M c t d b.,
2001,45, (4)

Sources. Robert Nowak described work being
undertaken by the United States Defense
Advanced Research Projects Agency (DARPA).

Fuel Cells for Transportation
In his keynote presentation Alan Lloyd,
Chairman of the California Air Resources Board,
explained the efforts being made to demonstrate
electric vehicles in California. Due to a rapidly
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increasing population and growth in vehicle use,
90 per cent of Californians still breath unhealthy
air for part of the year despite huge advances
in pollution control. Many of the world's major
automotive, oil companies and fuel cell producers
are participating in the California Fuel Cell
Partnership to demonstrate fuel cell vehicles,
methods of refuelling and to idenufy commercial
paths to exploitation. The Partnership currently
has ten cars and one bus operating in California, all
of which are fuelled by hydrogen. Plans include
demonstrating up to 60 passenger vehicles operating on hydrogen, methanol and on-board
reformed gasoline. Some 20 fuel cell buses will be
in operation in regular transit services by 2003. In
addition, the California Power Authority has an
ambitious target of acquiring 20 megawatts of stationary power generation by 2002 and 100
megawatts by 2003 as a means to improve the
environment and also provide reliable power supplies in the State.
For Europe, Eric Ponthieu of the European
Commission outlined three demonstration programmes being carried out which involve 31 buses
in 13 cities from eight European countries and
also Iceland. These include the Fuel Cell Bus for
Berlin, Copenhagen and Lisbon, the Clean Urban
Transport for Europe (CUTE), and Ecological
City Transport System (ECTOS) in Iceland. These
will be carried out in collaboration with fuel supply companies such as Shell, BP Amoco and
Norsk Hydro in Amsterdam, Berlin, Copenhagen,
Stockholm, Hamburg, Stuttgart, Madrid,
Barcelona, Berlin, Luxembourg and London. The
buses will be manufactured by DMerChrysler
and MAN in Germany, with hydrogen provided
from different routes includmg crude oil, natural
gas or renewable energy sources, with the first
buses appeadng in 2002.
With plentiful supplies of hydroelectric power,
countries such as Norway, Iceland and Canada are
able to generate hydrogen fuel economically by
water electrolysis. Christopher Kloed of Norsk
Hydro Electrolysers explained that before tax,
electrolytic hydrogen is comparable in cost to
gasoline. In other counmes it is possible to use
wind, solar and biomass energy to generate hydro-
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gen as a means of smoothing out variations in
power availability. As part of the European-sponsored ECTOS demonstration scheme, in Iceland,
three DaimlerChrysler buses will be evaluated.
Four vehicles were on show at the Symposium:
a newly developed General Motors S10 Sports
Utility Vehicle, which included an on-board
reformer for gasoline fuel with a 25 kilowatt fuel
cell, and two ZeTek vehicles powered by alkaline
fuel cells - a London taxi and a light commercial
vehicle, and a go-kart powered by a Ballard fuel
cell. The latter attracted considerable attention
during mobile demonstrations of its 50 km h-'
capability, manoeuvrability and rapid acceleration.

Investing in Fuel Cells
Three talks were presented by representatives
of investment bankers, venture capitalists and
investors.John Dean of UBS Warburg predicted a
$30 billion market for fuel cells by the year 2010.
Although there are still barriers to be overcome,
fuel cell technology is close to reality. However,
growing businesses need capital, and the fuel cell
industry is no exception, and this is where the
banking community can be of help. In terms of
reaching commercialisation, to attract the large
institutional investors, fuel cell manufacturers
need to demonstratethat they are s e h g profitably
into their main market, and that they have several
large customers.

Conclusion
Fuel cells are now regarded as an established
technology, and most effort is being devoted to
tailor it to specific applications. Large demonstration programmes are being carried out in Europe
and the United States, particularly for polymer
electrolyte fuel cells. International codes and standards currently being developed for their
construction and installation will facilitate fuel
cells becoming commonplace in the home and in
industry.
Many of the papers and posters willbe published
as a special edition of the Jonmd ofPotver source^.
The Author
Don Cameron is an Independent Consultant on the technology of
fuel cells, electrolysers and advanced batteries.
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The Wide Scope of Catalysis
FINE CHEMICALS THROUGH HETEROGENEOUS CATALYSIS
EDITED BY R. A. SHELDON AND H.VAN BEKKUM, Wiley-VCH, Weinheim, 2000,636 pages, ISBN 3-527-29951-3,€159, f 95
This book covers the application of heterogeneous catalysis to organic reactions for the
synthesis of fine chemicals, and includes gas- and
liquid-phase reactions (more of the latter mirroring
the industrial use). The editors define fine chemicals as those costing over U.S.$lO k g ’ with volume
production below 10,000 tons per annum worldwide. They describe significant developments in
heterogeneous catalysis for organic synthesis and
note the increasing attention paid to ‘green’ chemistry. Four major areas, all written by recognised
authorities, are covered: acid-base catalysis, hydrogenation, oxidation and C-C bond formation.
In Chapter 2, J. W. Geus and A. J. van Dille
introduce fundamental principles, preparations,
characterisations and uses of different types of catalyst and reactor technologies in fixed-bed and
stirred reactors. In Chapter 3, M. Campanati and
A. Vaccati deal with different types of solid-acid
catalyst, their preparation and uses. Clays as supports are mentioned, for example for Pt in the
hydrogenation of cinnamaldehyde.
Chapters 4 to 6 discuss solid-acid catalysis. A.
Kogelbauer and H. W. Kouwenhoven cover aromatic substitution: nitration, halogenation, FriedelCrafts alkylation and acylation, and hydroxyalkylations. T. Tatsumi examines rearrangement and
isomerisation reactions, such as Beckmann, epoxide, benzamine, pinacol and Fries rearrangements
and isomerisation processes. T. Mallat and A.
Baiker cover a collection of processes including
amination (Pd catalysts for phenols amination),
akylation of carbohydrates, heterocyclic synthesis,
Diels-Alder reactions and alcohol dehydration.
Solid-base catalysis is covered by A. Corma and
S. Iborra (Chapter 7). Reactions include Aldol and
Knoevenagel condensations over hydrotalcites,
alkaline earth oxides and base-modified silicas.
Chapter 8, by S. Bailey and F. King,is extensive,
covering hydrogenation and dehydrogenation, and
is probably of most relevance to platinum group
metals (pgms). Topics include selective hydrogena-
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tion of acetylenes using supported Pd and doped
catalysts (Pd/Pb and Pd/Ag) and the conversion
of carboxylic acids to alcohols over transition metal
oxides - still a challenge under mild conditions.
Other sections describe aldehydes and ketones (Fe
promoted Pt) and compare the selectivities of pgm
catalysts for cinnamaldehydehydrogenation. A section on carbohydrates reviews the production of
several commercial materials using Ru and Ni, and
a section on nitro-group hydrogenation looks at
pgm costs, process problems and compares
current catalytic technologies.
In Chapter 9 on oxidations, R A. Sheldon and
M. C. A. van Wet describe epoxidation using
Ti02/Si02catalysts; the oxidation of alcohols and
aldehydes over Pt and Pd catalysts and the role of Bi
and Pb promoters. They give examples of catalyst
preparation, processes, and a good bibliography.
C. Coptret, J. Thivolle-Cazat and J.-M. Basset
(Chapter 10) cover carbon-carbon bond formation, akene metathesis over various oxides and
Heck coupling. Examples are given of the use of
immobilised Pd colloids and silica-supported
homogeneous complexes. Several commercial
examples of the use of Pd/C catalysts are given.
Lastly, Sheldon and van Bekkum note that rapid
advance is possible by high throughput screening
techniques and reactive distillation, as in the integration of separate processing steps. While further
understanding of catalytic processes is needed,
they emphasise that research with catalysts, reaction modifiers, nanostructured materials and
aqueous biphasic systems will all aid development.
While more detailed texts on individual topics may
exist, few will be so wide-ranging. Each topic gives
an introduction and provides references for further
study. The book increases awareness of the scope
for catalysis in fine chemical synthesis.
S. HAWKER
Steven Hawker is a Principal Scientist in Process Catalyst
Development, Johnson Matthey, Royston. He is interestedin selective
oxidation and hydrogenation reactions over pgm catalysts.
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Single-Site Ruthenium Metathesis Catalysts
PROGRESS IN THEIR DESIGN AND SYNTHESIS
By V. Dragutan and I. Dragutan
Institute of Organic Chemistry, 2028 Spl. lndependentei, PO Box 15-254, 711 41 Bucharest, Romania

and A. T. Balaban
Texas A & M University at Galveston, 5007 Ave. U, Galveston, TX 77551, U S A .

This paperpresents an up-to-date investigation relating to the design and synthesis of the
recently disclosed single-site ruthenium carbene metathesis catalysts. Created as a convenient
counterpart of the earlier tungsten and molybdenum carbene catalysts, these novel ruthenium
carbene complexes bear specijk heterocyclic ligands and display comparable activity and
selectivity in metathesis reactions, as well as good tolerance toward organicfunctionalities,
air and moisture. Due to their unique properties, they can be successfully applied in numerous
organic and polymer syntheses involving cross-metathesis, ring-opening and ring-closing
metatheses, as well as ring-opening metathesispolymerisation. Thispaper updates our previous
review on metathesis reactions published in this Journal last year
At present, single-site ruthenium carbene catalysts have an important role in metathesis
chemistry (1). The earlier, well-defined tungsten
and molybdenum alkylidene complexes, 1 and 2,
successfully prepared by Schrock (2, 3), are very
active and quite stereoselective in the akene
metathesis and ring-opening metathesis polymersation (ROMP) of cycloolefins.

Ro-’Yo
RO
7<
Ph

However, the new ruthenium alkylidene complex, 3, and ruthenium vinyhlkylidene complex 4,
more recently disclosed by Grubbs (4, 5), exhibit,
along with good activity and stability, an improved
tolerance towards many organic functionalities,
as well as to air and moisture. Therefore, they are
of great use in a variety of organic and polymer
syntheses (6,7).
Because of these new catalysts, the metathesis
reaction has finally been accepted for widespread
use by both synthetic organic and polymer
chemists. Currently, this process is being utilised
across a vast specttum of organic syntheses yielding functional organic compounds and natural
products. It is also being used in syntheses of
specialty and functional polymers.

Types of Catalysts, Syntheses
and Catalytic Properties

In 3, R = isopmpyl (i-Pr),phenyl (Ph), cyclopenfyl (Cyp);
in 4, R = Ph, Cyp. cyclohexyl (Cv); R = methyl (Me), Ph

PlatinwrnMctdrRw., 2001,45, (4), 155-163

Following this significant breakthrough in
organoruthenium chemistry, a variety of ruthenium carbene catalysts has been prepared,
characterised and used by many research teams as
a convenient strategy in the synthesis of various
organic compounds and polymeric materials
(8-15). A hist group of catalysts concerns ruthenium alkylidene complexes, such as 5, bearing a
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I

5

In 5, 6. 7, R

=

7

6

i-Pr; in 6 R' = H, CH,; in 7 R"

=

CHI, C&;

heteroatom-containing carbene ligand (12), the
ruthenium bridged complexes 6 and 7 (13) all
developed by Ciba SC, 8 by Abele e t d (14) and 9
by Mol and coworkers (15).
One

8

9

in 8 R"' = an alkyl group

have been obtained by reaction of ruthenium cornplex 3 with 1,o-bis(dicydohexy1phosphine)ahnes
(for example 1,5-bis(dicyclohexylphosphhe)penm e ) (15), (Equation .)i(

arlvan-

tage offered by
PPhj
these new rutheCI . I
(Runium alkylidene
I
+ CYzP-PCy*
PPh3
catalysts 5-9 is
that, for the first
time, it is possi3, R = P h
ble to apply them
to the ring-opening metathesis polymerisation (ROMP) of
cycloolehns (for example to dicyclopentadiene)
using the reaction injection mouldmg (RIM) technique and also to immobilise them on solid
supports. In addition, the synthesis of such ruthenium carbene complexes involves a convenient
one-step procedure starting from the ruthenium
phosphine
benzylidene
complex 3. For instance, the
reaction of two equivalents
of complex 3 with one
equivalent of phenyl vinyl
sulfide gives the ruthenium
complex with an S-contain...RuI ing hgand 5 whereas the
I
equimolar reaction of 3 with
PR3
2-(3-butenyl)pyridine leads
3,R: t-Pr
to the bridged ruthenium
complex 6, see Scheme I.
Similarly,
bidentate
phosphines with large natScheme I
uial bite angles (for example
R' =H, CH,
based on xanthene or
Cy2P(CHz),PCyz (n = S5))

-$iUb
PCY2

-yJ

P/atmm Met& Rey., 2001,45, (4)

(9

-2PPh3

PCY2

\

I

9

In order to prepare novel hydrogenised catalysts, bidentate phosphine ligands of this type
could also be used to attach the ruthenium akylidenecomplexes to solid supports.
A new class of efficient ruthenium catalysts, 10,
contains bidentate Schiff base ligands and can be
prepared by a single-step procedure starting from

-i. Rq=$
5

+ 1 rquiv

of 3

PR 3

I

R'
6
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3. R = C y

In 10, R’

= NO,

R“

=

10

substituted phenyl group, TI

=

thallium

the ruthenium complex 3 (16), see Equation (ii).

Schiff base hgated ruthenium carbenes are
important as raw materials for the manufacture of
supported catalysts. Other alkylidene and vinylidene ruthenium complexes, 11,12 and 13, contain
tris@yrazolyl)borate, cyclopentadienyl and pentamethylcyclopentadienylligands (17).
Binuclear ruthenium complexes such as 14,
easily obtained from RuCl2(PPh& and 1,4benzene-bis(diazomethane), provide ready access,
by ROMP of cycloolehs, to particular polymer

architectures, like ABA block copolymers (18).
Other heterobimetallic ruthenium catalysts, for
example compounds 15 and 16, which contain
both osmium and ruthenium, were conveniently
obtained from the reaction of complex 3 with the
correspondmg binuclear osmium complexes (19)
(Equations (iii) and (iv)). These complexes were
reported to possess significantly enhanced activities in ROMP of 1,5-cyclooctadiene and
2,2-bis(trifluoromethyl)norbornene (19).
Recently, Dixneuf and coworkers reported that

R

12

11

PPhj

H, C H j

13

iPh3.

t-eu
14

Phtinwm Metah Rev., 2001.45, (4)

15

16
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In (v) R = i-Pr or Cy; R

= Ph

or a substituted aryl group

CI'

R
R

= Cy, i - Pr, CHMePh
= CHMe(naphthy1)
18

R =;-Pr

19

1$-electron cationic allenylidene ruthenium
complexes of type 17 were excellent precatalysts
for alkene and enyne metathesis for the production of macrocycles, fluorinated amino acid
derivatives and alkenyl dehydrohans (20, 21).
Their synthesis is accessible by the reaction of
(pcymene) RuClz(PR3) with
1 -propyn-2-01
substituted
derivatives, preferably with
1,l-diphenylpropyn-2-01 (R'
= Ph) (Equation (v)).
A major advance in the
chemistry of ruthenium carbene complexes occurred
recently by the synthesis of a
novel class of ruthenium benzylidene complexes 18,19,20
R =alkyl groups
and 21 by Herrmann et uf. (22,
23), yia derivatisation of the
ruthenium phosphine com0plex 3. For this purpose one
or both PCy3 ligands in 3

Pkatinmn Metah h.
2001,45,
,
(4)

R

I

CHMePh

\'Cl

R =Cy

20

21

have been replaced by imidazolin-2-ylidenes,
which are easily accessible and known to be more
Lewis-basic than PCp. These allow h e tuning of
the reactivity by systematic variation of the R
groups in the imidazolin-2-ylidenemoiety.
Even though significant differences in their

Br
21 (2 mol %)
yield

= 93%

0
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pected feature of this class
of catalysts is their excellent performance in the
formation of tr- and even
tetra-substituted cycloakene products (24).
Binuclear ruthenium
complexes of type 21
have been efficiently prepaied from bis(imidazolin2-ylidene)
ruthenium
benzylidene complex 18 by
reaction with the RuCl,(p
cymene) dimer (25) @quation

A

(ix)).
\-I

Similarly, heteronuclear
ruthenium complexes 22 and
23 have been obtained starting
from the bis(iidazolin-2-ylidene) ruthenium benzylidene
complex 18 by reaction with
the corresponding iridium and
rhodium dimeric compounds,
respectively, (26) (Equations

18

(4 and (4).

23

18

behaviour have been observed, all these ruthenium
benzylidene complexes were found to catalyse the
conversion of a wide range of dienes into the corresponding cyclic compounds by ring-closing
metathesis (RCM) (Equations (vi)-(viii)) (24).
The applications of these ruthenium benzylidene complexes include syntheses of five-, six-,
seven-, eight-, and hlgher-membered ring systems
of N-and 0-heterocyclic compounds, as well as
macrocyclic products, such as the commercially
important perfume
ingredient Exaltolide".
Significantly, the comI-\
patibility of these
R/N
N\R
ruthenium benzyliCI.. . RuJPh
dene complexes with
CI'I
X Y 3
functional
groups
to be practically
R = 2 , 4 , 6-(CH3)3C6H2
identical to that of
24

By applying the convenient
Herrmann approach for
derivatisation of ruthenium carbenes with imidazolin-2-ylidenehgands, Grubbs and coworkers (27,
28) prepared a new series, 24, 25 and 26, in this
class of compounds using other members of the
Arduengo imidazolinylidene hgand family (29).
From the numerous 1,3-dlaryl-imidazolinin-2-ylidene hgands that Grubbs investigated, only the
2,6-disubstituted aryl systems including the 1,3dimesityl-imidazolin-2-ylidene, (which
are
sufficiently bulky to prevent disubstitution) gave

,

Y

Plptinwm Me&.& h.
2001,45,
,
(4)

R/

N
"

Y
CI
0..

.

Ru=NPh

R,

NnLR

Y

CI I..,

CI

CI'I
PCY3

XYP3

25

26
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NOH
L

liq. NHjlTHF
- 4 0 % . 2h

I==\
R A ~ V ~

*
0.02M PhCH3
RT, 1.5h

clean reaction products. Their synthesis occurs
readily by a two-step procedure stacttng from the
parent ruthenium complex 3 (Equations (xi) and
(xiii)).
In the first step, the imidazolin-2-ylidene carbene hgand has been conveniently synthesised
from the corresponding salt with sodium hydride
in liquid ammonia/THF, and could be isolated
and used without pufification in the subsequent
step involving a ligand exchange reaction in
toluene. The latter reaction is rapid at room temperature yieldmg product 24, which is isolated as a
pinkish-brown microcrystalline solid that could be
purified by recrystallisation from pentane at
-78°C.
This ruthenium catalyst, 24, allows many of
the desirable RCM reactions to be carried out,
resulang in good yields and product selectivity.
Numerous examples are
reported for reactions of
various dienes leading to
substituted cycloalkenes
and heteroatom-contairing cycloalkenes (27).
Although at room temperature the new complex
24 is normally less
reactive for RCM than
the parent compound 3,
at slightly higher tempScheme I1
eratures its reactivity
increases dramatically.

P/aci~wmMetub Rev., 2001,45, (4)

Substantially elevated
activity was gained
I=\
by
the saturation of
R H ~ ~ ~ \ R
(xii)
the imidazolin-2-ylidene hgand - as in the
ruthenium complex
25. The &her basicity
of the saturated hgand
~ R
results in a ruthenium
CI... I
Ph
R
/u
-,
catalyst of unpreceCI
I
PCY)
(xiii)
dented activity in this
dass. In many cases
the
activity exceeds
24
that of the molybdenum complex 2, while
maintaining the environmental stability of the
parent benzylidene ruthenium complex 3.
Interesting mechanistic studies, carried out by
Grubbs and coworkers (30), of the metathesis
reaction with ethyl vinyl ether, induced by ruthenium catalysts 3 and 25, indicated that the initial
substitution of a phosphine ligand by the olefinic
substrate proceeded in a dissociative fashion and
involved a 14-electron shell intermediate 27, see
Scheme 11.
As illustrated in Scheme 11, this intermediate
can be either trapped by free PCy3 to regenerate
the starting ruthenium alkylidene (&/Al) or can
bind substrate (&/&) and undergo metathesis yia
the metallacyclobutane pathway (kJk3). The dramatic increase in activity of the N-heterocyclic
carbene-coordinated catalyst 25, which had previously been attributed to its ability to promote
,

27

R'

L
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imidazol-2-ylidene. The generation
of complexes in sit# from [(p
L1 = L2 = PCy3, R = Ph
L1
cymene)RuClz]z and substituted
CL,.. I
R
Ll = L 2 = K y 3 , R =f-Bu
acetylenes, and their subsequent
CI' RIU-<H
L1 = Lz = i-Prlm, R = Ph
application in RCM reactions of
L2
Ll = M e s h , L2 = P C y j , R = t - B u
dienes, has also been demonstrated.
A very stable and hghly active
catalyst, selective for cross-metatheI
n
sis (CM) and RCM, namely the ruthenium
Mes- NVN-MeS
benzylidene complex 29, which has a 1,3-dimesitylimidazohylidene llgand, has recently been
prepared by Hoveyda and colleagues (32). Blechert
and coworkers reported two other convenient s p thetic routes to the ruthenium benzylidene
complex 29, starting from different ruthenium
alkylidene complexes as precursors, see Scheme I n
phosphine dissociation, appears instead to be due (33)Nguyen and Grubbs (34) introduced a new
to an improved selectivity for binn-acidic
o l e f i c substrates, in the presence of o-donating class of polymer-supported ruthenium complexes
free phosphine.
by using cross-linked polystyrene-divinylbenzene
Grubbs and coworkers have also reported a as the solid support. Verdonck and his team (35)
large series of ruthenium vinylidene complexes, 28, immobilised ruthenium alkylidene complexes on a
(31). Some of these complexes, particularly those dendrimeric carbosilane core. The latter catalysts
bearing both phosphine and imidazolylidene were manufactured by attachmg the ruthenium
hgands, display a substantial activity in olefin complexes to the boundary of the zeroth generametathesis and ROMP of cycloolefins. In 28, the tion (GO) or first generation (Gl) of the
ligands GPrIm = 1,3-&sopropyl-4,5-dimethyl- carbosilane dendrimers (Equation (xiv) where pZu]
imidazol-2-ylidene and MesIm = 1,3-dimesityl- denotes the ruthenium catalyst).
The cadytic activity of
the dendrimeric ruthenium
catalyst 30 has been tested
in the ROMP of norles
bornene. Using these
PF
complexes, multi-arm star
polymers could be produced in a controlled
manner.
More recently, a range
of improved immobilised
pZuC12(pcymene)]z comI
\
plexes (36) and Schiff base
PCYj
I \
Me5 CI%. I
modified ruthenium akyliRuMes
r:..Y
N-Mes
X
H Of-BU
,Rudene catalysts (37) have
L
been successfully designed
CHCIj, RT, 75%
and prepared by Verpoort
Scheme 111
29
and his coworkers. These
have been applied in the

I

, .

Platinrcnr Me&

b.,
2001,45, (4)
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G1

30

polymerisation of strained cycloolefins with both
hlgh and low steric strain. It is noteworthy that
Verpoort’s type of heterogenised catalysts combines higher thermal stability with increased
metathesis activity and stereoselectivity, and can
play an important role in chiral processes.

Conclusions
The number of single-site ruthenium metathesis catalysts has increased rapidly during the last
few years due to their easy accessibility, remarkable
activity and selectivity, and good tolerance toward
organic functionalities, air and moisture. Most of
them can be conveniently prepared starting from
the classical Grubbs’ ruthenium benzylidene cata-

lyst. A significant advancement was further
achieved by the introduction of imidazolin-2-ylidene ligands into the conventional ruthenium
alkylidene complexes. New trends in process
development are currently being opened by design
and synthesis of immobilised ruthenium catalysts.
These novel single-site ruthenium metathesis catalysts lead to high performances in various
reactions of this type, particularly in crossmetathesis (Chf), enyne metathesis, ring-closing
metathesis (RCM), ring-opening metathesis
(ROW and ringopening metathesis polymerisation (ROW). Indeed, the stable singlet carbenes
recently described by Bertrand and coworkers (38)
offer hopes for yet better catalysis in the future.
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Mcrowave-Assisted Homogeneous
Sonogashira Coupling Reactions
Arylalkynes are intermediates for the synthesis of
a variety of compounds: heterocycles, cydophanes,
enediyne antibiotics, etc. Sonogashira couplug has
provided these compounds via the palladium(O)-catalysed coupling of terminal alkynes and aryl iodides in
the presence of copperO and a base. Weaknesses of
this reaction include long reaction times and the limited choice of reaction medium.
In recent years, microwave heating has emerged as
a technique to speed up organic reactions. Now, a
microwave-enhanced, rapid and efficient homogeneous-phase version of the Sonogashira coupling
reaction of aryl iodides, bromides, &tes and an aryl
chloride with trhethysilylacetylene has been established by scientists from Sweden (M. Erddyi and A.
Gogoll, J. 0%.Cbem., 2001, 66, (12), 4165-4169).
Pd(PPh&C12 and copper@) iodide were used as the catalyst system, in the presence of diethylamine.Excellent
yields (80 to %yo) were obtained in 5 to 25 minutes.
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The Horizons of Platinum Metals Catalysis
A SELECTIVE REVIEW OF THE 17TH NORTH AMERICAN CATALYSIS SOCIETY MEETING IN TORONTO
The 17th meeting of the North American
Catalysis Society, organised by the Catalysis
Division of the Chemical Institute of Canada, took
place in Toronto, from 3rd to 8th June. Held at the
Westin Harbour Castle Hotel and Conference
Centre on the shores of Lake Ontario, it attracted
over 1000 scientists from many backgrounds and
countries. The meeting displayed the wide range of
areas in which catalysis has a major role. This
review of platinum group metals @gms)-work
reflects the interests of the reporters.

Fuel Cell Catalysis
Platinum alloys continue to be widely used in
proton exchange membrane fuel cells and T. R
Ralph (Johnson Matthey, U.K.) reviewed ongoing
work At the cathode, Mn, Fe or Cr alloyed with Pt
increase the cell potential by 25 mV over Pt alone.
At the anode, Pt-Ru is favoured as it offers resistance to CO and COZ poisoning. Other additions
are being investigated.
Fuel processors for fuel cells were widely discussed. While many investigation of water gas shift
reactors used non-pgm catalysts, S. L. Swam and
coworkers (NexTech Materials, U.S.A.) described
the use of Pt deposited onto nanoscale ceria washcoated on monoliths. These reactors have
improved performance above 300°C.

higher m o v e r rates compared to Rho/SiO2.
TWC deactivation was also studied. R W.
McCabe and colleagues (Ford, U.S.A.) charactensed phosphorus poisoning of 100,000-mile
road-aged catalysts. Phosphorus was deposited on
the front face of the monolith either as an overlayer containing phosphates of Mg, Ca or Zn or
within the washcoat as phosphates of Ce or Al.
The poisoning effect on catalyst activity could be
reversed by washing the catalyst with oxalic acid.
A. K. Datye (University of New Mexico, U.S.A.)
investigated Pd sintering of Pd/Al203 catalysts
after exposure to high temperature. TEM results
showed that regardless of the Pd loading, the sintered Pd particles reached similar sizes. Also, the
transformation of 8-alumina to a-alumina played a
significant role in the sintering process. A poster
by P. J. Andersen and colleagues aohnson
Matthey, U.S.A.) showed the use of large amounts
of Ni in Pd-only TWC to suppress hydrogen sulfide (HzS) emissions. The Ni was placed in a layer
separate from Pd in order to avoid Pd deactivation.

Lean NOx Catalysis

Supported pgm catalysts are active at low temperatures for the selective catalytic reduction
(SCR) of nitrogen oxides @Ox) by hydrocarbons.
They also show reasonable tolerance to both water
vapour and sulfui dioxide. Although these catalysts
Three-Way Catalysts for Automobiles have rather narrow temperature windows, and relSeveral presentations described investigations atively poor selectivity toward nitrogen, they are
of three-way catalysts W C s ) for automobiles. H. still being considered for lean-burn or diesel
W. Jen and coworkers (Ford, U.S.A.) examined the exhaust treatment applications. Several talks coveffect of pretreatment conditions on the oxygen ered this topic, with most focusing on catalyst
storage capacity (OSC) of palladium and rhodium modification by adding a second metal ion to form
model catalysts using C Q . ~ ~ Zas~ the
~ . support
~ ~ O ~ a bimetallic system. T. J. Gardner and colleagues
material. High temperature, lean conditions result- (Sandia National Laboratories, U.S.A.) reported
ed in Pd catalysts with high OSC, while the OSC their work on Pt-CuO catalysts supported on Si02for Rh catalysts was better after hlgh temperature, doped hydrous titanium oxides. The addition of
rich conditions. Kinetic studies of CO oxidation CuO lowered the NOx reduction hght-off temperwere reported by C. Thomas (Universitk Pierre et ature but did not affect the activity on the high
Marie Curie, France). Rhx+/Ce&Zro.2~0zhad temperature side, thus widening the temperature
lower activation energy, lower CO light-off, and window. However, adding CuO had no effect on
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the selectivity to NZ. C. Mihut and coworkers
(University of South Carolina, U.S.A.) presented
work on Pt-Au catalysts prepared from organobimetallic cluster precursors. In the cluster-derived
catalysts, Pt and Au were intimately mixed. With
the Au modifier, catalyst selectivity toward N1
increased from 45 to 80 per cent, and the maxmum temperature of NOx reduction shifted from
300 to 450°C. A Ce-Pd/mordenite (HMOR) system was described by L. Cordoba and coworkers
(Universidad de Antioquia, Colombia). The Ce
suppressed Pd agglomeration, while Pd improved
the NO adsorption capacity of Ce/HMOR. Under
test conditions, no NzO, NH3 or CO was formed.

Gas Turbine Catalysts
Supported PdO catalysts are a key feature in catalytic combustors for gas turbines. G. Groppi and
colleagues (Politecnico di Milano, Italy) charactensed the PdO active/Pd inactive transformation
in this system and proposed that Pd" oxidation
occurs in successive steps: Pd" is first covered with
an oxide layer, then converted to bulk PdO. The
oxide layer was more active than bulk PdO for the
combustion reaction. This explains the activity hysteresis seen in the methane (CH4) + 0 2 reaction.

Catalytic Reforming
Pt-Re catalysts are widely used in catalytic
reforming of paraffins and naphthenes. J. T.
Richardson and coworkers (University of Houston,
U.S.A.) reviewed past studies, especially theories
proposed to explain how Re modities the catalytic
properties of Pt. He also presented recent work by
his group on Pt-Re catalysts for CH4 reforming
with COZ. On adRe catalyst stability improved.
The Re may dissociate the COz at h g h temperature and the released oxygen will then remove the
C deposits which may otherwise deactivate the Pt.

Gas-Liquid Reactions
Various pgm catalysts coated on monoliths have
found novel use in gas-liquid reactions. F. J. Waller
and coworkers (Air Products and Chemicals,
U.S.A.) studied the hydrogenation of nitrobenzene
to aniline and the acid-catalysed polymerisation of
furfkyl alcohol, as model reactions over monoliths.
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Reactor design is critical for gas-liquid interactions,
but hydrogenation rates for catalysts on monoliths
were &her than the correspondmg slurty catalysts.

Catalyst Characterisation
and Sulfur Poisoning
CharactensingPt catalysts is important to understand activity and deactivation, and synchrotron
techniques are becoming more widely used. J. T.
Miller and colleagues (BP, U.S.A.) used EXAFS to
correlate the C& oxidation activity of Pt/Al2O3catalysts prepared from Cl-containing or C1-free Pt
precursors. The C1-free catalyst consisted of small
metallic particles with exposed Pt atoms, while the
C1-poisoned catalysts had P t - 0 or Pt-C1 bonds on
their surfaces. Metal-support interactions were also
studied in Pt/zeolite catalysts during HZ adsorption
using NEXAFS. As the charge on the oxide support
became more positive, the binenergy of the Pt
valence orbitals increased. The shift of valence
orbitals makes molecular bondmg with Pt more
favourable and corresponds to measured TOF.
Sulfur poisoning and regeneration is always an
issue for pgm catalysts. A. Ambemtsson and colleagues (Chalmers University of Technology,
Sweden) reported on the effect of conditions and
type of pgm on the poisoning and regeneration of
a NOx storage catalyst. They showed that poisoning evolves throughout the entire storage-reduction
cycle. Rh is more sensitive to S poisoning than Pt
under oxidising conditions but is easier to regenerate under reducing conditions.
A. V. K. Westwood and coworkers (University
of Leeds, U.K.) mentioned poisoning effects on
catalysts used for CH4 combustion. The catalyst
activity: Pd > Rh > Pt did not change when poisoned with HzS, or after regeneration. However,
when poisoned with S-carbon compounds, the
activity ranlung changed to Rh > Pd > Pt, before
and after regeneration. Resistance to both poisons,
and ease of catalyst regeneration is Rh > Pd > Pt.
The next 18th NACS meeting in the series will
be held in June 2003 in Cancun, Mexico.
T. H. BALLINGER and H.-Y. CHEN
Todd Ballinger and Hai-Ying Chen are staff scientists at the
Johnson Matthey, North American Technical Center (Wayne, PA)
Both are involved in the development of automotive catalysts.
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Exploring Lattice Defects in Palladium
and Its Alloys Using Dissolved Hydrogen
PART II: HYDROGEN SEGREGATION TO INTERNAL INTERFACES AND TO INHOMOGENEOUS REGIONS
By Ted B. Flanagan
Materials Science Program and Chemistry Department, University of Vermont, Burlington, VT 05405, U.S.A

R. Balasubramaniam
Department of Materials and Metallurgical Engineering, Indian Institute of Technology, Kanpur, 208 016, India

and R. Kirchheim
lnstitut fur Materialphysik, Hospitalstrasse 3-7, 37073 Gottingen, Germany

nefirstpart of thispapel; published in the July issue of this Journal, described the combination
ofphysical metallurgical techniques and hydrogen solubilities used to help in characterising
defects in palladium (Pd) and Pd alloys. In this second part, the solubilities of hydrogen
(H2) in internally oxidised Pd alloys are discussed. Internal oxidation,f o r example of a
palladium-aluminium alloy, results in the formation of small alumina precipitates within the
Pd matrix. Dissolved H in the alloy is strongly trapped at the metal/oxide interface. This can
be detected by deviations in H solubility from that expectedfor Pd. Hydrogen in Pd and its
alloys has been modelled mathematically as the occupation by H atoms of interstitial sites
within fixed metal sublattices. Howevel; recently it has been realised that at moderately high
temperatures and H2 pressures some alloy lattices are not$xed, as the dissolved Hpromotes
metal atom diffusion. This results in phase separation in some alloys,for example (Pd + Pt
+ H), according to a ternary equilibrium. The dissolved H can be removedfrom such alloys
at low temperatures allowing the metastable,phase-separated alloy lattices to he characterised
via measurements of HJ solubilities and suitable physical metallurgical techniques.
Alloys contaming solutes that are more readily
oxidised than their solvent metal can be internally
oxidised in oxygen gas (O@) at elevated temperatures 2 1000 K. The oxidation results in the
formation of essentially pure metal matrices containingnanometre-sized internal oxide precipitates.
In effect, a metal/oxide composite is formed (39).
Binary palladium (Pd) alloys with solute metals,
such as aluminium (Al), magnesium (Mg ) and Zirconium (Zr), have been internally oxidised to form
essentially pure Pd matrices containing second
phases of nanosized oxide precipitates (40-42).

Internal Oxidation of Pd Alloys
such as Palladium-Aluminium
After internal oxidation of, for example, a
P&.e&.m alloy, nanocrystalline alumina precipitates are visible in TEM photomicrographs. The
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size of the precipitates is greater after internal oxidation of Pd-Al alloys (Pd is the majority element
in the alloy) at 1273 K than at 1073 K (17,40,42,
43). Huang found that the precipitates resulting
from oxidation at 983 K were about one tenth as
large as those from internal oxidation at 1273 K

(17).
Internal oxidation of alloys proceeds by dissociat the alloy surface, diffusion of
ation of 02@
interstitial 0 atoms into the alloy, oxidisation of
the solute atoms and their agglomeration into
oxide precipitates. In order to relieve the internal
compressive stress resultmg from the growth of
the oxide precipitates, metal atoms are transported
from the metal/oxide interface to the surface and
vacancies must therefore be transported in the
opposite direction during the process of internal
oxidation (44, 45). Palladium nodules have been
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observed at the surface and on grain boundary
walls resulting from the internal oxidation of Pd-Al
alloys (46).
It has been shown that the kinetics of H2
absorption are enhanced after internal oxidation
of Pd-Al alloys (47). Internal oxidation thus
appears to be a convenient method of obtaining
enhanced kinetics for Pd and for some Pd alloys,
particularly Pd-Ag. It may, for instance, provide a
means for obtaining improved diffusion membranes. There is also some evidence that the
internal oxidation of Pd-A1 alloys renders them
more resistant to CO poisoning than before their
internal oxidation (48).

0

0

0
0
0

Solubility in Internally Oxidised
Pd Alloys (Pd/MO, Composites)

H2

The total area of the Pd/oxide interface in
internally oxidised alloys can be several mzper cm3
of alloy (49). These internal metal/oxide interfaces
are generally ftee from impurities and so provide a
way to investigate the segregation of solutes to
impurity-free interfaces. Huang, Kirchheim and
coworker were the first to investigate the segregation of hydrogen atoms to Pd/oxide interfaces in
internally oxidised alloys of Pd-hfg, Pd-Al and
other Pd-rich alloys (41). Electrochemical me&ods were employed to measure the relative H
chemical potentials
A ~=
H pH - 1/2p0H2

as a function of r. ApH - r relationships were
obtained for i n t e d y oxidised alloys in the very
dilute solution region where H trapping at the
interface is most important; pH is the chemical
potential of an isolated dissolved H in the solid
phase, poHZis the chemical potential in the gaseous
phase, and r is the H/Pd atom ratio. A p H is very
negative for this H trapping and the differences in
these relationships for pure Pd and the internally
oxidised alloys gives the amounts of trapped H.
More recently, Flanagan,Balasubramaniam and
their coworkers (42, 43) introduced H yia the gas
phase to measure A ~ H r relationships in the
dilute and concentrated H phases of internally oxidised Pd-Al. Aside from the very dilute trapping
region, the Hz isotherms for internally oxidised Pd-
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Fig. 6 H , isotherm (323 K) for a partially internaltv
oxidised Pdo ~ ~ A03I alloy.
o
The lower set of horizontal dashed lines are plateau
pressures for the oxidisedpart of the alloy, Pd-H.
The upper set of horizontal dashes are for the unoxidised
Pdo WAIO03 alloy.
o absorption of H,;
desorption of H,

Al alloys corresponded very closely to those for
pure Pd. This confirms that all the Al has been
oxidised to form alumina precipitates within an
essentially pure Pd mat&, that is, a metal/ceramic
composite is formed (42).
A partial! internally oxidised Pd-Al alloy has
two plateaux in its isotherm, one for the internally
oxidised portion, Pd-H, and the other for the
unoxidised portion, as seen in Figure 6 for a
Pdo97Ab.03alloy. The two plateaux demonstrate the
interfacial nature of the internal oxidation because
if internal oxidation took place homogeneously
there would be only one plateau with a hydrogen
pressure @H2) between the pressures of Pd and the
PQ.97A10.03 alloy. The relative lengths of the
plateaux in Figure 6 can be used to obtain the
fraction of internal oxidation, while the transition region between the two plateaux provides
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Pd

Fig. 7 Dilute phase H2 isotherms
(taken at 2 73.K),for an internally
oxidised (I073 K. 72 h)
Pdo 97A lo 111 allop.
o afrer internal oxidation;
A repeat measurement qfihe
dilute soluhiliry after evacuation
at 323 K:
0 soliihilit?,ajer cycling and
evacuation a1 323 K;
V repeat measurement after
evacuation at 323 K of the cycled
alloy (50)

.

Cycled Pd

/

0

0.01

0.02

r = H/Pd

information about the diffuseness of the interface
and the metal atom diffusion constants.
Dilute phase Hz solubilities (at 273 K), which
indicate that H has been strongly trapped at the
Pd/&o, interface, are shown in Figure 7 for an
internally oxidised (at 1073 K) P&.97Abo3
alloy (50).
The initial solubility has an intercept along the r
axis at 0.002 which corresponds to the interfacially
trapped H, in agreement with the electrochemical
results of Huang et UL (41). While still in the dilute
phase, the alloy was evacuated (at 323 K); the

0.010
r =HIPd
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remeasured solubility data pass through the origin
showing that only the strongly trapped H cannot
be removed by evacuation at 323 K.
In addition to the strong H trapping at the
interface where essentially pH2 = 0, there is a solubility enhancement in the dilute region, which is
attributed to H segregation in the stress field about
the precipitates. The stress field results from cooling the two-phase material (Pd/A1203which has
two different coefficients of thermal expansion)
from its high oxidation temperature. Calculations

0.020

Fig. 8 Dilute phase H2
isotherms.for Pd.
o initial solubiliy in wellannealed Pd:
0 solubiliry a$er cycling;
V solubilicv after annealing the
cycled Pdfor 24 h at 723 K
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Fig. 9 Dilute phase H?
isothermi (273 K) for an
internally oxidised (1073 K ,
72 h) Pdo y7AIoo3 alloy and
annealed Pd.
o initial solubility of annealed
Pd:
V after internal oxidation of the
Pdn Y&J n3 alloy;
A afier cycling the internally
oxidised Pdo y7Alo 03 alloy:
0 after annealing the cycled
internally oxidised Pdo yvil0.03
alloy at 823 K for 48 h.
Where necessary data have
been translated along the r axis
by -0.002 for the alloy in order
to intersect the origin and to
focus attention on the
H-dislocation segregation

made on the basis of this thermal residual stress
give reasonable agreement with experiment (43).
The internally oxidised P&.97&.03 alloy was
cycled through the hydride phase and evacuated
(at 323 K). In contrast to the solubility remeasured
after evacuation at 323 K, there is again a positive
intercept on the taxis, indicating that the strongly
trapped H can be removed by c y d q and evacuation (323 K), but not by just evacuation (F%gure 7).
The H, which initially was strongly trapped, was
shown not to be present after c y d q - none was
evolved when the cycled, internally oxidised alloy
was heated to 573 K. However, trapped H is
evolved by such heating of an uncycled internally
oxidised alloy (50). Dislocations in the vicinity of
the interfaces,resulting from cychg, may decrease
the depth of the potential wells and allow the initially strongly trapped H to be removed.

Annealing of Dislocations in Pd and
in Cycled, Internally Oxidised Pd-Al
Annealing at 623 K (24 h) causes a decrease in
the hydrogen solubility enhancement of Pd which
has been cycled and a decrease in the dislocation
density - judging from TEM photomicrographs.
After annealing cycled Pd at 723 K (24 h), its H1
solubility returns almost to that of well-annealed Pd
(Figure 8). These results show that dislocations
become mobile in pure Pd at 2 623 K allowingthem
to rearrange and to annihilate sufficiently to reduce
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the dislocation density and solubility enhancement.
TEM photomicrographs show only small dislocation densities in internally oxidised Pd-Al alloys
(17,40,42). However, after hydridmg/dehydriding
(cycling),large dislocation densities and extensive
intergranular crackmg appear (51). Dilute phase
solubilities (273 K) for an internally oxidised (1073
K, 72 h) P&.97&.03alloy (a Pd/A1203composite)
were measured before and after cyclmg (Figure 9).
Cycling the internally oxidised alloy leads to a
greater solubility enhancement than cycling Pd
does; this is consistent with reports of increased
dislocation densities from cold working metals
which contain small internal precipitates (52, 53).
Internal oxidation is of practical value because
it is used for dispersion hardening of alloys (39). In
contrast to Pd (Figure 8), when the cycled internally oxidised P&.97&.~,3 alloy was annealed for
48 h in u a u o at 823 K, there was no change in its
solubility enhancement (Figure 9). The dislocations in this internally oxidised alloy are therefore
immobile even though the annealing temperature
is hgher and the time taken was longer than that
used for cycled Pd (24 h) where the solubility
enhancement nearly vanished ( F i i e 8).
A P&.p,&.o, alloy, internally oxidised at 1273 K
and cycled, was annealed at 823 K for 48 h. After
this its solubility enhancement almost completely
disappeared in contrast to the alloy internally oxidised at 1073 K. This is in keeping with the
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Fig. I 0 Dilute phase H ,
solubilities (303 K).fora
Pdo.xoRho 2 0 allov cooled from
1100 K at different rates or
heat treated in vacuo at 873
K or in H? ( I 00 MPa).
o quenched;
A rapid cooling in air:
0 sIon!v cooled in,furnace:
V heated in vacuo for I2
days at 873K;
a treated in H? ( I 2 da,vs. 5.5
MPa, 873 K):
A treated in H: (5 h, 100
MPa. 673 K) (redrawn after
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expectation that the small, closely spaced precipitates resulting from internal oxidation at 1073 K

interact strongly with dislocations, while the more
widely spaced and larger precipitates from internal
oxidation at 1273 K do not (45).

H-Induced Phase Separation of
Palladium-Rhodium Alloys
Unlike most other binary f.c.c. Pd alloys whose
H2 solubilities have been studied, the Pd/Rh alloy
system has a miscibilitygap with a critical temperature
of - 1120 K. At 873 K, for example, the coexisting
phases have Rh atom fractions of about 0.12 and
0.87 (54,55). Using X-ray diffiaction (XRD), Raub
etaL (54) showed that at 873 K the phase separation
is extremely slow: 63 days of anneahg were required
alloy, while a P&.&hm alloy had
for a P&..+9Rho.~t
not phase-separated after 1 year. However, H2
solubilities are more sensitive than XRD for detecting
a phase separation.
In Figure 10, Hz solubilities (303 K) following the
cooling of a P&.8O€&u, alloy at different rates from
elevated temperatures are shown. Sgdicant solubility
differences can be seen between alloys prepared:
by quenclmg
by relatively rapid c o o k from = 1000 K and
by slower c o o h g from 873 K.
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A greater solubility at a given pH2indicates that
there is a greater degree of phase separation. Noh
ef al. (56) showed that metal atom diffusion, and
consequently phase separation, is greatly accelerated by dissolved Hz. This is the reason why there is
a greater dilute-phase Hz solubility after the alloy is
heated at 673 K in the presence of 100 MPa H2
(Figure lo), than after treatments under H-free
conditions.
Fukai and coworkers (57) have shown that at
ultra h g h pH2 (5 GPa) a P&.8&.2o
alloy separates
into two phases in 120 seconds at 873 K, according to the phase diagram. It is clear that dissolved
H at 'L 673 K greatly accelerates the phase separation of metastable, homogeneous Pd-Rh alloys
(56-58).

Other Palladium Alloys
Palladium-metal (M) alloys, which are not
metastable, have been found to phase-separate in
the presence of H2 at relatively moderate temperatures. For these alloys phase separation can occur
via a ternary (Pd + M + H)equilibrium which can
be established at a sufficiently high P H ~for appreciable H to dissolve. M is a solute such as platinum
(Pt), nickel (Ni), or cobalt (Co) where the plateau
pressures pH2of the alloy are greater than for Pd-H
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and thus phase separation leads to a lower free
energy. By contrast, for Pd alloys where the
plateau pressures pHZare lower than for Pd-H,
phase separation via a ternary equilibrium has not
been observed (59,60). For alloys such as Pd-Pt, H
has both an equilibrium and a kinetic role, however, for the metastable Pd-Rh alloys, the kinetic
role appears to be dominant.
Pdas~Pb.~,
is an example of an alloy where
phase separation occurs vio a (Pd + M + H)
ternary equilibrium. After phase separation by Hz
treatment at 100 MPa (673 K ) and subsequent low
temperature removal of H, H2 isotherms (273 K )
were measured on the metastable, phase-separated
alloy and compared to isotherms for the homogeneous alloy before the Hz treatment (Figure 11).
Before the Hz treatment there is no plateau region
because of the relatively large fraction of Pt. After
the H2 treatment there is a well-defined plateau
reflecting the separated Pd-rich phase.
It should be emphasised that the dissolved H
must also have a kinetic role because usually metal
atom equilibrium would not be expected to be
readily established at 673 K.
Fig. 12 HREM images for a Pdo.&".zo allov afer
treatment with H2 at 100 MPa for 3 h at 673 K .
Two different magnifications are shown in (a) and (b).
The illumination is parallel to the [OII] zone axis.
Before the Hr treatment, the lattice appears to be pedect
(6 1)

0.2
H/M

(

Fig. I1 Hr isotherms (273 K ) f o r a Pdo&'toZo alloy.
Continuous line is for the homogeneous alloy;
o after treatment in 100 MPa Hr for 3 h at 673 K
(redrawn from (59))
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This phase separation is on a fine scale not
detectable by XRD, however, it has been detected
by small angle neutron scattering (SANS) (59) and,
very recently, by high resolution electron
microscopy (HREh4) (61). Using the latter
method, small Pt-rich precipitates were observed
within a Pd-rich matrix after a Hz treatment
(673 K> Figure 12). These HREM results directly
confirm the indirect evidence from the HZ
isotherm measurements (Figure 11).
Values for the H diffusion constants, measured
before and after Hz-treatment of the P&.~Pb.20
alloys, also support the occurrence of phase separation. It is known that the diffusion constants of
H in f.c.c. Pd-rich alloys decrease with increase
of solute concentration (62) and, since diffusion
is found to be faster after the Hz-treatment, it
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Fig. 13 Experimental solubilih
data at 3 10 K,for H? solubiliiy in
a 3. I nrn Pi1 cluster: Open
synbols indicate absorption;
.filled s.vmhols indicate
desorption (68)

H I Pd

follows that the majority of the diffusion occurs
within a principal phase which must have a lower
Pt content than the original alloy.

Effect of Crystallite Size on
Hydrogen Solubility in Pd
On decreasing the crystallite size of materials
the realm of nanostructured and cluster materials is
reached. Nanosmctured materials consist of small
crystallites (typically of sizes 30 nm or less) joined
together by grain boundaries. Their properties are
quite different from those of bulk material due to
the large fraction of interfaces present. Clusters are
agglomerates of a few hundred to a few thousand
atoms whereas nanocrystallites consist of many
times that number.
Frieske and Wicke (63) reported that HZ
isotherms for Pd black shift from the origin to
start the normal dilute phase solubility at a %her r
value due to chemisorption. Hysteresis was
reduced for Pd black although the average plateau
pHZ was unchanged. Using Pd blacks of various
sizes (determined by electron microscopy to be in
the range from 113 to 7 m),Everett and Sermon
(64) found a decrease in hysteresis with decrease of
crystallite size.
Experimental studies of HZ absorption by
nanocrystalline Pd (n-Pd) have been reported
(65-67). When compared to bulk Pd, the notable
features of HZ solubility in nanocrystalline Pd are
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the enhanced solubilities in the a-phase (65-68)
and a narrowing of the two-phase field (66) while
the average plateau pHZappears largely unchanged
from that of bulk Pd. It was suggested that the
enhanced Hz solubility in the dilute phase of n-Pd
results from H solution in the gain boundaries,
which have a spectrum of interstitial site energies
and therefore, like amorphous alloys, cannot form
a hydride phase (65, 66).
However, using high-resolution X-ray powder
diffraction with synchrotron radiation, Eastman ef
ul (69) concluded that both the bulk and the grain
boundary material in n-Pd converted to the
hydride phase. They attributed the narrowing of
the two-phase field to a decrease in the ratio of the
entropy-of-mixing to the enthalpy-of-mixing of H
in n-Pd, thereby shifting the Pd-H critical temperature to a lower value (69). Since suitable values
chosen for the thermodynamics of mixing can generate any desired simple miscibility gap phase
diagram, agreement with experiment is not meaningful. Further work must be done to resolve this
controversy regarding the narrowing of the phase
diagram.
A Hzisotherm was measured volumetrically for
the first time by Pundt etul (68) for Pd clusters (3.1
nm-size embedded in two different types of elasdcally soft matrices - a soft polymer matrix and a
surfactant shell) (Figure 13). The dilute phase solubility of Hz in the Pd clusters was greater than in
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bulk Pd (Fgure 13). This was explained based on
the available subsurface sites in the clusters having
a different energy with respect to interstitial
H than bulk Pd sites (68). Ziitel ef ul (70) utilised
ligand-stabilised Pd clusters (produced by a reduction method) mixed with Cu powders as
electrodes for the determination of the H capacities; the solubilities were found to decrease with
cluster size as expected from the n-Pd behaviour.

Conclusions
The usefulness and convenience of Hz solubilities for investigating lattice defects, includmg
inhomogeneities, in Pd and its alloys has been
described. Hz solubilities can show that large dislocation densities form by cycling Pd and
Pd/A&Os composites (prepared by internal oxidation at 1073 K ) through the hydride phase
changes. Hz solubilities also show that the dislocation density of Pd is significantly reduced by
annealing at 723 K whereas the dislocation density of the Pd/Alz03 composite is not. Thus Hz
solubilities can readily monitor metallurgical phenomena such as dislocation annihilation.
Studying the segregation of solutes to internal
interfaces is important because of the wide OCNTrence of metal/oxide interfaces in technology.

Hydrogen could therefore become a facet helping
in the characterisation of industrial small-scale
materials.
In addition to simply dissolving in metals and
alloys, H can have the role of enhancing metal
atom diffusion leading to phase separation,
according to a ternary equilibrium, in some Pdalloys. Upon coohg and removal of the H, the
metal atoms remain ‘frozen’ and have been shown
to be phase separated by hydrogen isotherms,
S A N S and HREM methods.
Nanoscience is a rapidly developing field,
believed to have some important industrial applications. The study of H2 solubilities in nanocrystalline Pd and its alloys may well be a useful
tool for their characterisation. For example, the
question of whether or not the smaller plateau in
n-Pd indicates that the grajn boundary Pd is disordered and cannot form the hydride phase is
important for understanding nanometals.
Hydrogen absorption by Pd will be better and
more fully understood if its study is extended to as
many different forms of Pd as possible.
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Hydrogen Detection with a Palladium-Nickel HSGFET
There are now vehicles on our roads run by
hydrogen 0 - p o w e r e d fuel cells, and HZis predicted
to have a far more important role as an energy source
in the future. Hydrogen is a highly flammable gas, and
being odourless and colourless is not detectable by
human olfactory and other senses. Therefore to have
sensors able to detect it rapidly and accurately in the
atmosphere is very important. This is particularly critical at high Hz concentrations before ignition
concentrations are reached.
One method of sensing could be to measure the
work function change due to H physisorption or
chemisorption on a gas sensitive layer. As the
response to bulk effects is almost negligible, the measurements could be carried out at low temperatures,
in contrast to the usual conductance sensors which
work at very high temperatures. A new type of gas
sensor may then be constructed, utilising a hybrid suspended gate field effect transistor (HSGFET), of low
power demand (< 10 mw). Pd-MOS based H sensors
are already known, but when operated at high HZconcentrations the Pd film blisters. If Pd alloys are used
instead of Pd there is a possibility that blistering could
be eliminated.
A team of researchers from Germany, Sweden and
India have now attempted to improve the stability of
HSGFETs up to high Hzconcentrations, by replacing
Pd by a thin layer of Pd-Ni or Pd-Ag alloy (K.
Scharnagl,M. Eriksson, A. Kadugeyan, M. Burgmair,
M. Zimmer and I. Eisele, Sens. Actnutors B, Chem.,
2001,78,(1-3), 138-143).
Pd-Ni and Pd-Ag films were grown onto titaniumcoated silicon wafers in UHV chambers at a base
pressure of 1 X lo-’”Ton by co-evaporation techniques. Work function measurements and time
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responses on exposure to HZ and other commonly
found environmental gases were then carried out.
It was found possible to detect Hz concentrations
of up to 2% at room temperature without blister formation, when Pd-Ni alloy was used as the g a s
sensitive material. The response to 2% HZwas 500
mV in dry conditions, but less than half this value
with moistened carrier gas, however then the desorption time was lowered. The Pd-Ag alloy was not
stable and is not suitable as a sensor material. The PdNi alloy, in addition to having a low cross-sensitivity
to other gases, seems to be a promising material for
room temperature H monitoring.

-

Tailored Palladium/Silica Spheres
The ability to control the preparation of porous
materials used as supports is important in the fields of
heterogeneous catalysis and molecular sieving.
Templates of colloidal silica crystals and anion
exchange resins have resulted in controlled pore sizes
and macrosmctures.
Now, researchers from Sweden report the synthesis of Pd-containing silica spheres prepared by using
anion exchange resins as templates (L.Tosheva and J.
Sterte, Chem. Commun., 2001,(12), 1112-1113).
Their method is based on the fact that the resinsilica composite, obtained after the ion exchange of
silica species, retains a h g h anion exchange capacity.
This allows the introduction of negatively charged
ions, such as PdCLZ-. Calcination removes the resin
bead template and the Pd is converted to an oxide
form. Hard, solid silica spheres with a controllable
amount of Pd can be prepared by this technique. With
their h g h surface areas and large pore volumes, these
materials may be useful for catalytic applications.
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New Autocatalyst Plant Opens in Shanghai
JOHNSON MATTHEY PLANT TO HELP IN EFFORT TO IMPROVE AIR QUALITY
With the GDP in China growing at more than
7 per cent per annum in recent years, and a corresponding growth in motor vehicles and industrial
output, the quality of air, especially in urban areas,
has become a serious problem. To deal with this,

An employee at the Johnson Matthey Shanghai autocatalyst
plant takes a core sample from a production catalyst for
quality control tests

the government of China published legislation
requiring all newly manufactured passenger cars
and hght duty trucks and buses nationwide to meet
EU Stage I legislation from the beginning of year
2000. China is also the largest single market for
motorcycles and these vehicles will also have to
comply with EU Stage I legislation from 2002. Tax
incentives for new passenger cars to comply with
EU Stage I1 will be published in 2001. In 2004,

EU Stage I1 standards will become mandatory for
passenger cars. China currently produces around 2
million passenger vehicles and hght trucks and
around 11 million motorcycles per year.
Automobile manufacturers in China are
actively respondmg to the new legislation, and
some of them, such as Shanghai Volkswagen
and FAW-Volkswagen, are going beyond the
scope of the legislation by introducing into
China vehicles which meet EU Stages I11 and
IV emission levels. In addition, cities, such as
Beijing and Shanghai, are seeking to meet these
stricter standards ahead of national legislation,
in order to tackle the major pollution in
advance of the 2008 Olympic Games.
In June, to support this growing market,
Johnson Matthey opened a new autocatalyst
plant, located in Song Jiang Industrial Park,
Shanghai. The plant employs the latest manufacturing technology and has the capacity to
produce 500,000 catalysts suitable for passenger
cars and 600,000 motorcycle catalysts annually.
This is the latest of Johnson Matthey’s nine currently operaang plants around the world and has
recently started volume production for automotive
customers in China.
JOHN CHEN
John Chen is the Commercial and Technical Service Director,
Johnson Matthey (Shanghai) Chemicals Limited. He is interested
in the application of pgm catalysts for vehicle emissions control.

The new Johnson
Matthey autocatalyst
plant in Shanghai.
Using the latest
manufacturing
technology, the plant
has the capacityfor
an annual production
of 500,OOO catalysts
for passenger cars
and 600,000 catalysts
for motorcycles
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Critical Topics in Exhaust Gas Afiertreatment
I

By Martyn V. Twigg
Catalytic Systems Division, Johnson Matthey. Royston

No combustion process is completely efficient.
The exhaust gas from an internal combustion
engine, besides containing water @O) and carbon
dioxide (COZ) - the main products of combustion
- also contains some unburned and various partially-oxidised hydrocarbons (HCs), and carbon
monoxide (CO). During combustion the flame
front temperature is so Q h (1600°C or even higher) that the endothermic equilibrium between
nitrogen ( N 2 ) and oxygen ( 0 2 ) to form nitric oxide
(NO) is established. Subsequent rapid coolmg and
ejection of combusted gas into the exhaust system
freezes this equilibrium, so exhaust gas also
contains significant levels of NO.
Vehicle exhaust emissions are undesirable and
can cause serious pollution via a series of complex
photo-initiated free-radical reactions. In bright
sunlight reactions between NO, HC and 0 2 result
in low but significant levels of ozone (0s.This is
a bronchial irritant, and the main oxidising species
in the photochemical smog that has plagued many
major cities. Other undesirable chemicals, including the powerful lachrymator peroxyacetyl nitrate,
can also be formed. CO can participate as a reductant in related photochemical reactions, but these
reactions are much less important than those
involving HCs. Therefore, c o n t r o h g HC and
nitrogen oxides @Ox) emissions from vehicles
can have a direct impact on restricting the formation of urban photochemical smog.

Autocatalyst Development
The key step in controlling car exhaust emissions was the introduction of ‘autocatalysts’ some
twenty-five years ago. Initially a platinum-based
(Pt) oxidation catalyst was used with an air pump
which provided excess air in the exhaust gas to oxidise HC and CO to less harmful COz and H20. A
few years later, legislation demanded lower NOx
levels. Initially, NOx was reduced to N2 by HC or
CO, by passing 02-deficient (‘rich’) exhaust gas
over a Pt/Rh (rhodium) catalyst before the addition
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of air. After air addition, a Pt-based catalyst oxidised the remaining HC and CO. Thus, with two
catalysts operating under different conditions, all
three legislated tail-pipe emissions were controlled.
By the early 1980s it had been discovered that
CO and HC could be oxidised and NOx reduced
simultaneously over a single ‘three-way catalyst’
(lWC) contamng Pt and Rh. The exhaust gas had
to contain chemically equivalent (stoichiometric)
amounts of reductant (HC and CO) and 0 2 . This
condition was maintained through a combination
of technologies: ‘electronic fuel injectors’ operated
by a microprocessor fed with signals from an
exhaust gas 0 2 sensor (a solid stabilised zirconia
electxolyte with Pt electrodes). Since that time
combustion engineering, electronic engine management and catalyst technology have advanced
greatly, and now extremely low emissions can be
achieved from gasoline engines equipped with
TWCs. Indeed, ambient air may now contain htgher levels of some pollutants than tail-pipe exhaust
gas! When catalyst is designed for a particular vehicle, the required performance is that it meets the
legal emissions when aged. In U.S. legislation, this
is now 150,000 miles for the most demanding
PZEV (partial zero emission vehicle) limits.

Gasoline Engines
Three-Way Catalysts (TWCs)
The continuous measurement of 0 2 levels in
exhaust gas is a key part of the emissions control
system on gasoline engines. Once the operating
temperature is reached, a modem TWC is remarkably efficient in removing pollutants: over 99 per
cent conversion efficiencies.are possible. In recent
years, effort has gone into minimising the time
taken for a TWC to reach operating temperature
after engine start-up. As a result of engine management techniques, such as ‘spark retard’ (causing
combusting gas to burn in the exhaust manifold)
the time before the TWC operates can now be only
a few seconds, rather than the several minutes of a

176

few years ago. Placing the catalyst close to the
exhaust manifold can further reduce the time, but
it may experience very high temperatures.Johnson
Matthey developed special heat-durable Pd/Rh
and Pt/Rh formulations for this duty. These have
very stable components,i n c l u w some that store
and release 0 2 as the exhaust gas compositionosdlates from slightly lean to slightly rich, respectively.
Catalyst formulations, that trap HCs formed during the initial low temperature engine cranktngand
release them when the temperature is high enough
for their oxidation, have also been developed.

particulate matter (PM) than even a few years
ago. In a diesel engine, the compression-ignition
process involves combustion of fuel droplets
rather than ignition of the almost-homogeneous
gas mixture characteristic of a gasoline engine.
Diesel PM emissions can be controlled by trapping
them in several different kinds of diesel particulate
filter (DPF), and the practical problem is then to
prevent PM build-up in the filter as this causes
hlgh back-pressure which could prevent proper
functioning of the engine.
The exhaust gas temperature of a diesel engine
is usually insufficient to bum PM in a DPF, and
Lean-Burn Gasoline NOx-Traps
burners and electtical heaters have been used to
Increasing fuel prices and a desire to reduce
increase the temperature to initiate PM combusCOZ emissions are two reasons to improve fuel
tion. However, once PM in a full DPF starts to
efficiency. Improvements toward this can be
bum, at around 550°C in air, excessively h h temobtained with spark ignition gasoline engines havperatures may result that could cause major
ing direct injection of fuel into the cylinder under
problems, such as melting the filter. Catalyst (e.g.
overall lean conditions. This technology is gradu- Pt) within the DPF can mediate combustion, but
ally being introduced. However, when running the most effective method of removing PM from
lean, NOx removal is difficult since the only praca DPF involves oxidation at lower temperature,
tical process involves reduction to N2. This
with nitrogen dioxide produced by the catalytic
problem has been solved by "Ox-traps' which
oxidation of NO over a Pt catalyst upstream of the
contain Pt and Rh to trap NOx as nitrate (NO3-) DPF*.On l a r diesel
~
vehicles (trucks or buses) this
when the engine is running lean. This stored NO;
reaction takes place most of the time, so this system
is reduced to NZby periodic short rich excursions.
is called a continuously regenerating trap (CRT)**.
Thus the overall process involves a Pt-based catalyst oxidising NO to NO? which is subsequently Carbon Monoxide and Hydrocarbons
converted to NO3-. During the rich excursions the
With diesel engines, Pt oxidation catalysts are
storage process is reversed and released NOx is
used for removal of HC, CO and partially-oxidised
reduced to N2 over a Rh-based catalyst.
species, such as aldehydes, which cause the charPoisoning by sulfur is a concern here as sulfur acteristic odour of diesel exhaust. Sulfur
dioxide (SOz) present in the exhaust gas is oxidised
compounds present in the fuel bum to SOzin the
to sulfur trioxide (so3)and then to sulfate (SO4%) engine. Modem oxidation catalysts are efficient,
in the NOx-trap. SO.+%is more stable than NO3- but SO2 is a catalyst poison that can significantly
and therefore the NOx capacity of the trap gradu- impair performance.JohnsonMatthey have develally deteriorates. To restore the original NOx
oped diesel oxidation catalysts that are more
capacity, SO?- can be removed from the trap by
tolerant to these effects, and therefore have
hlgh temperature (600-700"C) treatment under improved performance.
reducing conditions.
At higher temperatures SO2 is oxidised to SO3
over the Pt catalyst, and the so3is hydrated to sulDiesel Engine Exhaust
furic acid mist, which contributes to the measured
Particulate Matter
amount of tail-pipe PM. This problem is not as
The traditional characteristic component of
significant as it once was because fuel sulfur levels
diesel engine exhaust is soot, although modem have been markedly reduced. When diesel fuel
diesel engines produce very much less soot or
contained high sulfur levels, the catalyst selectivity
~

* B. J. Cooper cf aA, SAE Technical Paper, 1989,890404
**
P.N.Hawker, PhJ$nwnM e f d Rnt, 1995,39, (l), 2
Phhnum MefuLr Rm, 2001,45, (4)
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was tailored by modifymg the formulation to
control the amount of so3 produced at higher
temperatures.
Removal of NOx
In contrast to the high efficiency of TWCs
operating around stoichiometric conditions, NOx
removal from lean diesel engine exhaust gas is difficult. Under ideal conditions, almost 50 per cent
NOx reduction is possible over a Pt catalyst, by
small amounts of added HC, with overall exhaust
gas staying lean. In practice this is not a solution,
as it is only effective over a restricted temperature
range. Fuel combustion over a catalyst increases its
temperature, and this must also be noted to stay
operating in the optimum temperature window.
Two other ways of dealtng with the ‘lean-NOx’
problem are in development. The first is selective
catalytic reduction (SCR) with ammonia (NH3). NH3
SCR is now used to control NOx from large power
and chemical plants, and from some stationary
diesel engines. NH3 can be conveniently obtained
in .rib from aqueous urea solutions ((NH&CO), but
for s m d vehicles there are practical problems
associated with SCR, such as maintaining adequate
temperature and preventingNH3 tail-pipe emissions.
The second approach involves Pt/% NOxtraps similar to those used on lean-burn gasoline
e w e s to store NOx as NO,- under lean conditions. NO3-is periodically reduced to N2 by having
the engine run rich. There are technical problems
to be overcome before NOx-traps can be widely
used on diesel cars. As with SCR, low temperatures
are a problem. Another concern is sulfur accumulation in a NOx-trap. This progressively lowers the
NOx storage capacity, but can be overcome by
sporadic rich high temperature treatment.
Providmg rich exhaust gas to reduce stored NO;
and achieving higher temperatures for desulfation
are adverse to fuel economy. It may, however, be
expected that efficient NOx removal systems for
diesel cars will become available.

Monitoring and Control Systems
In-use monitoring of catalyst performance is
now a legal requirement, and is referred to as onboard diagnostics (OBD). This covers emissions
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and a dozen other distinct parameters. Catalyst
malfunction is defined in terms of HC conversion
efficiency, and should this fall below a threshold
value (which depends on the model year) a mdfunction indicator lamp (MlI,) alerts the driver that
it is necessary to have the car checked.
The most widely reported diagnostic method is
the determination of the catalyst 01-storage
capacity. This can be measured by applying perturbations to the &/fuel ratio and finding the time
taken by the catalyst to retum to its normal operating condition, using O2 sensors before and after
the catalyst. The dual O2 sensor method is used
because reliable and more direct approaches are
not yet available. NOx semors will be used in
applications, such as lean-bum gasoline and diesel
engines equipped with NOx-traps, and NH3 sensors in SCR systems. It is clear that sensors will be
increasingly important in the future for control and
monitoring of emissions systems.

Conclusions
Platinum group metals-based catalysts are critical in controhg exhaust emissions, and their range
is widening. As well as TWCs and oxidation catalysts, NOx-traps are used on gasoline lean-bum
engines and may be used on diesel engines.
Platinum group metals can enable control of diesel
PM emissions, and they are also used in sensors
that provide signals for overall computer control.
It is therefore clear that the important use of platinum group metals ‘in the vehicle emissions area
will continue well into the future.

Bibliography
P. Eastwood, “Critical Topics in Exhaust Gas
Aftertreatment”, Research Studies Press Ltd., Baldock,
England, 2000
R M. Heck and R J. Farrauto, “Catalytic Air Pollution
Control: Commercial Technology”, Van Nostrand
Reinhold, New York, 1995
“21st Century Emissions Technology”, IMechE Conf.
Trans. 2000-2, Professional Engineering Publishing Ltd.,
Bury St Edmonds, England, 2001
P. Degobert, “Automobiles and Pollution”, Editions
Technip, Paris, 1995
The Author
Martyn Twigg is the European Technical Director of Johnson
Matthey Catalytic Systems Division and is based in Royston, near
Cambridge.

178

Brittle Intercrystalhe Fracture in Iridum
By Peter Panfilov and Alexander Yermakov
Laboratory of Strength, Urals University, 620083 Ekaterinburg, Russia

Refractory iridium has a unique position among metals due to its resistance to corrosion
and its inclination to brittle fracture, the latter only occurring under tension. Since I960
iridium has been the subject of much research, but this has not lead to an understanding of
its inclination to brittlefracture under load, although the problem of working iridium has been
successfully solved. Grain boundary brittleness during mechanical treatment is the main
problem with iridium, and is a continuing and important topic for academic discussion
about iridium. Discussion of this problem, begun f o r v years ago, is continued here.

’

Due to its excellent high temperature strength important for specifying optimal regimes for the
and anticorrosive properties iridium is a unique manufacture and exploitation of iridium products.
material for use under extremely harsh conditions. The aim of this paper is to discuss possible mechFor example, it is used for crucibles for growing anisms of GB brittleness in iridium.
oxide crystals and for nuclear fuel containers
in thermoelectric generators for interplanetary Physical Model of GB Brittleness
missions (1).
in Iridium
However, in contrast to other face centred
It is well known that there are no inherent
cubic (f.c.c.) metals, iridium displays poor worka- mechanisms which induce cleavage in f.c.c. metals
bility even at elevated temperatures, and this (8). Iridium may be considered as an exception to
substantially limits its industrial applications. Its this rule since the commercial metal behaves like a
poor workability is historically connected with brittle crystal and meets some of the formal empircontaminants that could not be completely ical criteria for cleavage (3, 9). Despite this, no
removed from the iridium matrix by standard tech- rules can be applied to a metal which shows huge
niques (2). Indeed, the impurity-induced reduction plasticity and simultaneous cleavage (although
of the cohesive strength of the grair~boundary cleavage takes place in bulk crystals only under ten(GB), is the most probable cause for brittle inter- sion) (6, 7, 10).
crystalline fracture @IF) in f.c.c. metals.
The mechanical behaviour of smgle crystals
BIF makes commercial iridium practically of iridium can, however, be explained with the
unworkable (3), although hgh purity polycrys- help of three suppositions- all of which have been
talline iridium can be forged like platinum (4). confirmed by experiment:
However, brittle intercrystalline cracks can appear [l] octahedtal slip is the do-t
deformation
on both pure and contaminatedboundaries (5) and mechanism,
single crystals of iridium show higher plasticity, but [2] the mobility of <11O> dislocations in iridium
cleave under tension (6, 7). This means that the is considerably lower than in other f.c.c. metals,
tendency to BIF may be caused by slngulanties in and
the atomic structure of refractory iridium (3).
[3] other deformation mechanisms, such as
The problem of GB brittleness while process- mechanical twinning or non-octahedralslip, do not
ing iridium would be solved if the boundaries induce cleavage (11).
could be removed. However, grain structure does
The strong anisotropy of the yield stress and
form in iridium containers during service, even if work hardening under tension; the hghly homogethe metal did not contain GBs in its initial state. neous distribution of plastic deformation in
Therefore knowledge about the causes of BIF is the sample; and the distinct slip bands from the
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Fig I SEM niicrograph showing
the jimture sirrfuce offine grain
lr-3 %Re-2 %Ru alloy. where
the ratio beween the brittle
inter~i~.stulliiiejractirre
(BIF) and
brittle transcv?/stalliiie,frac~u~e
(BTF) regions is 3:1
Magnificurion

primary octahedral plane on the workmg surface
allow us to state that at room temperature plasticity in the crystal is exhausted at the easy slip stage,
when a ‘net’ becomes the only permitted dislocation configuration. Because dislocations have low
mobility, the net cannot transform into small angle
boundaries in spite of the large dislocation density
in the iridium material. This is the reason why a
neck does not form in iridium single crystals and
their fracture surfaces look like brittle transcrystalline fracture (BTF) (3). It seems that the
resource of plasticity for single crystal iridium is
exhausted when the tensile stress reaches the level
at which brittle cracks can appear. For example,
iridium crystals fail at 400 to 500 MPa in tensile
tests, but under compression, the critical level is
not even reached at 2000 MPa (12).
Knowing that GBs have poor cohesive
strength can be used as the starting point for discussing brittle fracture in polycrystalline iridium.
In commercial metal, only BIF is observed on the
fracture surface; this is due to either the segregation of impurities or the weak cohesive strength of
the boundaries. The fracture mode of htgh purity
polycrystalline iridium (and its alloys) is a mixture
of BIF and BW, see Figure 1. The proportion of
BTF increases as failure proceeds.
For a fine grain aggregate, having maximum
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plasticity, the ratio between BIF and BTF on the
fracture surface is 3:l (10, 13). Consequently, the
cohesive strength of a pure GB could depend on
either the type of boundary or its orientation in the
field of the applied stress. The former would mean
that there are two kinds of GBs (normal and brittle) in iridium, but TEM studies have shown no
differences between GBs in iridium and any other
f.c.c. metal (14).Therefore the hypothesis of a specific type of GB is not valid as the basis of a
physical model. However, an inherent property,
which is directly connected with interatomic
forces, never depends on macroscopic parameters
- such as mechanical stress.
Mixed brittle fracture appears when a critical
crack has some flexibility to move either across the
grains or along GBs. As mentioned before, BTF
becomes possible only in strengthened crystal
grains. Where BIF occurs, grains should also be
hardened, since polycrystalline iridium fails after a
preliminary deformation which is homogeneously
distributed in the sample. Indeed, a neck never
appears in the samples at room temperature and
octahedral slip bands in the primary plane cover
the majority of the grains.
This means that all the grains are filled by dislocation nets, where the dislocation density is
considerably lower than in failed single crystals,
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due to the difference in elongations prior to failure
( 2 4 % for the grains, and 2 U O % for the failed
single crystals). The first value corresponds exactly
to the conmbution of the easy slip stage to the
total plasticity of f.c.c. metal, while the second one
is an anomalously high value (15).
In addition, the polycrystalline aggregate looses
the ability to deform plastically at the easy slip
stage, although each crystal grain still possesses a
sigdcant amount of plasticity. Failure happens
when the dislocation net in the crystal grain tries to
compel newly formed <110> dislocations to move
through GBs -which they cannot do. As a result,
stress on the GB reaches a critical value when BIF
becomes possible.
Experiments have shown that the GB diffusion
of impurities occurs in a narrow region around the
boundary, where an increased concentration of
vacancies is present. For normal f.c.c. metals the
width of this so-called diffusion zone ( D Z ) is
about 1-2 interatomic distances. In refractory
tungsten, which is also inclined to BIF, the DZ
reaches 5, while for iridium the DZ has been estimated as 10-15 interatomic distances (16).
Naturally, such a defect-rich layer will hinder the
movement of 4 1 0 > dislocations through the GB
and more so as their mobility is very slow. Both
these factors make the anomalous width of the DZ
the possible cause of GB brittleness in iridium.
Clearly, the inclination to BIF is considerably reinforced if non-metallic impurities, such as carbon,
oxygen and hydrogen, are situated within the DZ.
In brittle polycrystals, the majority of cracks
appear on the GBs, since the number of boundaries is considerably higher than the number of
notch-like defects on the surface. A crack advances
along a GB as long as its path coincides with the
normal-to-tensile component of the applied stress,
but it has a tendency to leave the GB when this
condition is not met. As a result, the crack will
begin to move across the grain. However, it will
always return if the main cleavage plane ((100))
does not have a suitable orientation.
Brittle transcrystalline cracks have been found
in iridium single crystals after an elongation of
5 1 0 per cent, whereas deformation prior to failure
can reach 2 W O per cent (17). This allows us to
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state that the presence of transcrystalline cracks in
iridium crystals does not mean they lose plasticity.
Indeed, the transition of a crack from the GB to
the grain may be considered as an effective way to
arrest fracture in polycrystallifie iridium. The good
workability of fine grained work pieces confirms
this supposition.

Discussion
A physical model is now proposed to explain
brittle fracture in polycrystalline iridium. It is based
on the concept of low mobility of the <110> dislocations and their hindered path on GBs. Iridium
is a refractory metal, with a f.c.c. crystal structure,
having strong interatomic bonds, but also octahedral slip as the dominant mechanism for
deformation. The anomalously high yield stress is
a result of strong interatomic bonds while octahedral slip causes the material to have hlgh plasticity.
There are no channels for the relaxation of the
stress, such as transition from a dislocation net to
a cellular structure or for dynamic recrystallisation
in iridium at room temperature. Therefore, the
ability of iridium single crystals to store high density dislocation nets allows practically unlimited
growth of the deforming load - without failure.
An inclination to BTF appears when the tensile
component of the applied stress reaches the level
at which brittle cracks become possible. The
opaque GBs for <110> dislocations are the stress
concentrators in polycrystalline iridium, so that its
total plastic deformation at room temperature is
close to zero, in spite of the high plasticity of the
crystal grain in the aggregate. The considerable
width of the DZ in iridium is a possible reason
why the GB does not let the <110> dislocations
pass.
Higher temperatures lead to an increase in the
mobility of the dislocation: the existing nets begin
transforming into a cellular structure and some of
the dislocations can pass through the boundaries.
Thus, the level of stress on the boundaries is
reduced, while the plasticity increases. Indeed, at
40UOO"C the elongation prior to failure of fine
grain iridium sharply increases (see Figure 2) and
necking is observed in the samples; however this
does not change the fracture mode (10). An X-ray
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Fig. 2 Temperature dependence of elongation prior to
failure f o r j n e grain iridium wire

study of deformed iridium smgle crystals conh e d the supposition that the mobility of the
dislocations starts to grow at 400°C, although
recrystallisation only begins at 1000°C (18). At
temperatures lugher than lOOO"C, iridium wire,
where no GBs were detected, behaves like a ductile f.c.c. metal and exhibits neckmg (19), while the
neck in a fine grain sample never thins to a point.
. The difference in mechanical behaviour may be
explained by the assumption that in the first case
the high density nets transform to a cellular structure without slowing down on the boundaries (20).
The existing GBs hinder this transformation and,
therefore, neclung to a point does not occur until
the temperature is at least 2000°C (21). In addition,
the transparency of GBs can increase if they have
been doped by heavy metallic impurities, such as
tungsten or thorium (22), which reduce the vacancy concentration in the DZ.
An optimised processing scheme for iridium
should be able to produce a fine grained metal and
be applicable for manufacturing iridium alloys. A
few conditions are needed for such a scheme:
The initial ingot should be free from deleterious contaminants, such as carbon, oxygen and
hydrogen.
From the point of view of the brittleness' of

iridium, the tensile stress when processing work
pieces should be reduced as much as possible.
Thermomechanical treatment should be performed at elevated temperatures, but the material
should not be allowed to recrystallise under load
and during intermediate annealing.
One pyrometallurgicalscheme for refining iridium allows massive single crystals of high purity
metal and some alloys to be grown*and these can
be used as initial work pieces (12). However, this
scheme cannot be used to manufacture single crystal ingots for modem iridium base materials, as the
alloying elements are removed from the matrix
during oxidation and electron-beam melting.
After treatment, the 'single crystalline' metal is
in a severely hardened state and GBs are not present (shown by metallographic means). Sheet and
rod processed in this way possess the required
workability for manufacturing welded crucibles
(with plane or stamped bases) and wires with
diameters from a few millimetres down to lo-'
mm. BIF is not a problem in this case, as there are
no GBs in the material! Experience has shown that
there is no strict requirement for the initial ingot to
be a single crystal, because coarse-grain work
pieces can also be forged without any problem.
Thus, if the tensile component of the applied
stress is minimal, GB brittleness can be ignored in
polycrystalline iridium.
The Oak Ridge family of alloys Qr-0.3wt.% W)
are iridium doped with tungsten, thorium and/or
cerium (9, 13, 22). Tungsten gives a stable finegrain structure, while the very small additions of
exotic elements (such as Th or Ce) suppress the
GB brittleness. In view of the fact that the anticorrosion properties of iridium do not depend on
the presence of small quantities of metallic impurities, this technology may be considered as
another way for solving the 'iridium problem'.
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Low-Potential Detection of Hydrazine with Rhodurn
Hydrazine has a wide variety of uses due to its
highly reactive reducing ability. It is used as an intermediate for foaming agents for plastics, polymers,
antioxidants, explosives, agricultural chemicals and
pharmaceuticals. It finds use as an oxygen scavenger
and a rocket fuel. Hydrazine is volatile, flammable
and toxic. It also can be easily absorbed by the skin
and contact with hydrazine irritates skin, eyes and the
respiratory track. Hydrazine is considered to be a hazardous air pollutant and as such its maximum
recommended value in trade effluents is 1 ppm.
There have been various methods used to detect
and determine hydrazine, including spectrophotometric, optical chemical sensing, flow-injection, liquid
chromatography and biosensors. However, the use of
electroanalytical methods based on the direct oxidation of hydrazine at conventional electrodes has been
hindered due to the relatively high overpotentials.
Now, researchers from the University of
Complutense of Madrid, Spain, have used cylindrical
carbon fibre microelectrodes (CFMEs) modified with

P h t i n ~ mMcfahREU., 2001, 45, (4)

rhodium for the low-potential detection of hydrazine
under flow-injection conditions (J. M. Pingarrbn, I.
0. Hemkdez, A. Gonzilez-Cort6s and P. YhiezSedeiio, And C k .Ada, 2001,439, (2), 281-290).
Rhodium metallised CFMEs, combining the
advantages of metallised electrodes and cylindrical
electrodes, were prepared potentiostatically using
RhCl,, and characterised by cyclic voltammetry. The
electrodes were then tested under flow conditions,
beginning at a flow rate of 1.0ml m i d and an applied
potential of +0.3 V. The Rh-CFhEs were found to
have good stability during amperometric detection of
hydrazine under flow conditions and good electrocatalytic ability for the oxidation of hydrazine and some
other organic compounds. The electrode surface did
not need to be regenerated. Signal-to-noise ratio was
much better at the Rh-CFME than at a IU-modified
glassy C electrode of conventional size. The limit of
detection was 6.2 x lo-’ mol I-’ hydrazine (- 20 pg
1-’). This flow-injection method could therefore be
used to determine hydrazine in trade effluents.
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PROPERTIES
Diffusion Coefficients of Deuterium in Palladium
Deuteride during Ab- and Desorption in High
Pressures of Gaseous Deuterium at 298 K

and s. M. FILIPEK,
POL/. Chem., 2001,75,
(7),1051-1058
Pressure jumps of several kbar in gaseous deuterium
(D)at 5-28 kbar, surrounding a PdD wire, were used
to measure the diffusion coefficients of D in the solid
phase by following changes in the electrical resistance
with time. Absorption of D is characterised by a
smaller diffusion coefficient than is desorption. Both
parameters decrease in value as D pressure increases.
B. BARANOWSKI

Magnetic and Magneto-transport Properties of
RuSrzGdCuzOs
and R FUNAHASHI, J. Pbyc Conhns.
Muth, 2001,13, (24), 56455652
The magnetic and magnetotransport properties of
non-superconducting RuSrzGdCuzOa(Ru-1212) were
investigated. The Ru sublattice shows a magnetic
ordering at magnetic ordering temperature, T, = 148
K. An antiferromagnetic ordering of the G d sublattice occurs at 2.8 K. The p-T behaviour is semiconducting with a kink in the vicinity of the T,due to
the reduction of spin scattering. The negative magnetoresistance is relatively large, 4% at H = 4 T.
I. MATSUBAM, N. IUDA

-

Direct Functionalisation of o-Aryl Ligands:
Preparation of Homoleptic Functionalised Aryls
of Osmium(lV)
M.-K LAU,Q.-F.Z H A N G , ~L.
. c. CHIM, w.-T.WONG
LEUNG, Chem. Commm., 2001, (16), 147S1479

and w.-H.

[Os(C$I,),] (1) (CsH9 = 2,5-dimethylphenyl) was
synthesised by alkylation of [OsOa] with C$19MgBr
in diethyl ether. (1) was reacted with pyridinium
tribromide (in the presence of Fe powder) to
give [OS(C&J~~)~],
which undergoes Suzuki coupling
with arylboronic acids to afford a wide range of
homoleptic functionalised aryls of O s o .

Cp*Ru-Allylcarbene Complexes by Nucleophilic
Attack of Cyclic Cp*Ru-Dicarbenes
C. ERNST, 0.WALTER and E. DINJuS, J. oEunom& chem., 2001,

627, (2), 249-254
Reaction of phenylacetylene and its derivatives with
Cp*Ru(COD)CI produced neutral 2,5-bis-substituted
dicarbene ruthenacycles chloro-Cpruthenacyclopenta-l,3,5-trienes. Nucleophilic attack of PMe3 or
P(OMe), occurs at one a-atom of the ruthenacyclopentatrienes and leads under Ru-CI bond cleavage
to the corresponding Cp*Ru-allylcarbenecomplexes.

PHOTOCONVERSION
Complete Oxidation of Benzene in Gas Phase by
Platinized Titania Photocatalysts

CHEMICAL COMPOUNDS

H. EINAGA, S. FUTAMURAandT.IBUSUKI, E&n.
s6.TechnoL,
2001,35, (9), 1880-1884
Preparation and Characterization of Palladium
Photocatalytic oxidation of benzene in the gas
and Platinum Complexes Bearing
phase was performed in a flow reactor at room temperature. In a humidified airstream, benzene was
1,8-Bis[(diphenylphosphino)methylInaphthalene
quantitatively decomposed to COZ over W-irradiatY. YAMAMOTO, Y. FUKUI, K. MATSUBARA, H. TAKESHIMA,
F. MIYAUCHI, T. TANASE and G. YAMAMOTO, J. Chem. SOC., ed 1.O wt.% Pt/TiO,. As the amount of Pt loaded on
the TiOz was increased, the rate of CO photooxidaDolton Tram., 2001, (ll), 1773-1781
Reaction of MClz(cod) (M = Pt, Pd) with the title tion increased. Benzene is first decomposed to CQ
compound, (1,8-dpmn), gave MCh(l,8-dpmn), as and CO with selectivities of 94% and 6%, respectiveconfirmed by X-ray analyses. ~(RNC)6](PF6)2
(R = ly; the CO is subsequently oxidised to COZ.
xylyl, 2,4,6-Me3C&)
formed wZ(l&dpmn)Photoinduced Hydrogen Evolution with
(RNC)~](PF~)Zor ~Z(~,~-~~~~)Z(RNC)Z](PF~)Z
depending on the molar ratio.
Cytochrome c3-Viologen-Ruthenium(ll) Triad

A Simple Access to Palladium Complexes of
Functionalized Heterocyclic Carbenes
H. G U S , E. HERDTWECK, M. SPIEGLER, A,-K. PLEIERand W.
R THIEL, J. Organomet. Chem., 2001,626, (1-2), 100-105

Imidazolium iodides, prepared by methylation
(using CH$) of 2-(1-imidazolyl)cyclohexanol and of
an acylated derivative, were reacted with Pd(0Ac)z.
The reaction yielded trans-LPdIz complexes bearing
functionalised heterocyclic carbene ligands. The complexes were characterised both spectroscopically and
by X-ray structure analysis.

PhfinxmMet& Rev., 2001,45, (4), 184187

Complex and Hydrogenase
J. Mol.
CatuL A: Chem., 2001,172, (1-2), 1-7
The cytochrome c~-viologen-Ru(II)triad complex,
(l), was prepared and characterised. Effective
quenching of the photoexcited state of the Ru complex moiety by the bound viologen was observed.
When a system containing (1) and hydiogenase is irradiated by visible light, photoinduced H
z evolution was
observed, showing the effective two-step electron
transfer from the photoexcited state of the Ru complex moiety to cytochrome c3 via the bound viologen.

N. ASAKURA,T. HIRAISHI, T. KAMACHI and I. OKURA,
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Enhancement of an Anodic Photocurrent for
Polymer Langmuir-Blodgett Monolayer
Containing Tris(2,2'-bipyridine)ruthenium
Complex by Surface Plasmon Excitation

APPARATUS AND TECHNIQUE
An Amperometric NO2 Gas Sensor Based on
Pt/Nafion@Electrode

and w.-T.HUNG, Sens. Actnutors B, Chem., 2001,
79,(l), 11-16
The title NOz sensor was prepared using an impregI&#. Jpn., 2001,(5), 378-379
nation-reduction chemical plating method. The
An anodic photocurrent occurring due to photoinPt/Nafion@electrode was used as an anode maim
duced electron transfer between excited Ru@py)Yin
a LB 6lm and triethanolamine in an electrolyte solu- tained at fixed potential. The sensor was stable for >
27 days and its sensitivity to NO2 concentrations
tion was greatly enhanced on irradiation by blue light
r e a c h a maximum for an angle of incidence of 71" (0-100 ppm) was 0.16 pA/ppm. The response time
via surface plasmon resonance, compared to irradia- was 45 s and recovery time was 54 s, when step
tion by transmitted light. The amphiphilicNdodecy1- changes in NOz concentrations of 0 4 8 5 ppm and
acrylamide copolymer LB hlm containing Ru@pybz+ 4 8 5 4 ppm, respectively, were applied.
was on a Ag electcode.
N. FUKUDA, M. MlTSUISHI, A. AOKI and T. MIYASHITA,

K.-C. HO

Chem.

An Organic Red-Emitting Diode with a WaterSoluble DNA-Polyaniline Complex Containing
Ru(bpy)32'

N. KOBAYASHI, S. UFMURA, K KUSABUKA, T. NAKAHIRAand
H.TAKAHASHI,]. M d e r Chem., 2001,11,0,1766-1768

A Ru@py)Y-basedred-emitting diode with a fast
turn-on luminance response was fabricated from a
novel processable and H20-soluble DNA-photopolymerised polyaniline complex containing
Ru@py)?. The device showed a maximum luminance of 1500 cd m-' at 11 V. The emission
mechanism is not thought to be electrochemical.

ELECTRODEPOSITION AND SURFACE
COATINGS
Mechanism of Hydrogen Desorption during
Palladium Brush-Plating
R P.YANG, x CAI and Q. L. CHEN, Sn$ Cod. Tecbnol, 2001,
141,(2-3), 283-285
Continuous and pore-free Pd deposits on Cu were
fabricated by brush-plating. The brush-plated Pd was
made up of nanoclusters. The anode movement had
the function of promoting H,bubble release (passive
release) during the brush-plating when the sliding
speed is high (2 m mix-'). During the intermission in
the Pd brush-plating process, H, bubbles actively
escape from the Pd deposit.

Reactive Deposition of Metal Thin Films within
Porous Supports from Supercritical Fluids
N. E. =ANDES,
S. M FISHER,J. C . POSHUSTA,D. G. VLACHOS,
M. TSAPATSIS and J. J. WATKINS, Chem. Muter.,
2001,13,(6),

2023-2031
A method for deposition of continuous Pd 6 l m s
(2-80 pm thick) at controlled depths (80-600 pm) in
porous A 2 0 3 disks is described. Using an opposing
reactants chemical fluid deposition technique, fi was
used to reduce a Pd precursor dissolved in SC-CQ at
60°C. The precursor w a s rc-2-methylallyl(cyclopentadienyl)Pd(II) or PdQI) hexafluoroacetylacetonate.
Film position was controlled by adjusting the relative
concentrationsof Hz and precursor on opposite sides
of the AZO3
substrate.

PIatinum Met& Rev., 2001,45,(4)

Some New Insights into the Sensing Mechanism
of Palladium Promoted Tin (IV) Oxide Sensor
s. c. TSANG, c. D. A. BULPITT, P. c. H. MITCHELL and A. J.
J. PLy. Cbem. B, 2001, 105, (24),
5737-5742
Switching experiments, temperature programmed
reduction and in d n neutron scattering-conductivity
were used to investigate the sensing mechanism of
1% Pd/SnOz toward Hz-containing gas mixtures. A
reversible migration of hydrogenic species from and
to the Pd and the underlying Sn oxide surface was
obtained (reversible H spillover). A dramatic change
in electrical conductivity of the Pd doped S n a material occurs due to the creation or destruction of
negatively charged adsorbed 0 species on the sensor
surface. The spillover H species can behave like a
shallow donor to the semiconductor oxide.
RAMIREZ-CUESTA,

Disposable Amperometric Glucose Sensor Electrode
with Enzyme-Immobilized Nitrocellulose Strip
G. CUI,J. H.YOO, B. w . WOO,^. s. KIM,G. s. c m a n d ~NAM,
.
T&n&, 2001,54,(6), 110~1111
The electrochemical properties of screen printed C
paste electrodes carrying a nitrocellulose strip of
known dimensions and pore size, impregnated with
glucose oxidase and Fu(NH3)6I3+,were studied. The
Fu(NH~)~]'+
mediator substantially lowered the
applied potential (0.0 V vs. Ag/AgCl) for glucose
determination and eliminated interference from other
oxidisable species. The sensor-to-sensorreproducibility and accuracy of determination were improved.

Magnetoresistance of RuOz-Based Resistance
Thermometers Below 0.3 K
and Y. o o m q Ctyogenics,
2001,41,(3),143-148
The magnetoresistance of Rua-based resistors at
0.054.3 K in magnetic fields up to 8 T have been
determined. The magnetoresistance is negative at
0.5 T and then becomes positive at larger fields. The
magnitude of the negative magnetoresistance increases rapidly as the temperature is lowered, while that of
the positive magnetoresistance has smaller temperature dependence. The resistors can be used as
thermometers down to at least 15 mK.

M. WATANABE, M. MORISHITA

-
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Effects of the Proton Content of ZSM-5 and the
Amount of Pt on the Hydrodesulfurization Activity
Of PtIZSM-5

Generation of Hydrogen Peroxide Directly from HP
and O2 Using C02 as the Solvent

T. KUROSAKA, M. SUGIOKA and H. MATSUHASHI,

Bud G e m .

SOC.
Jp.,
2001,74, (4). 757-763

The thiophene hydrodesulfurisation(HDS) activity
of Pt/ZMS-5 (1) was studied and found to increase
as the Pt loading increased. The formation of aromatics was inhibited as Pt loading increased, but the
crackmg of products was not inhibited by the Pt loading. The proton-exchange ratio of ZSM-5 affected
the HDS activity of thiophene over (1). High HDS
activity > 6.00 p o l g-cat-' s& was obtained by 5
wt.% Pt on a 50% cation exchanged ZSM-5 support.

Reductive C-Alkylation of Barbituric Acid
Derivatives with Carbonyl Compounds in the
Presence of Platinum and Palladium Catalysts
8. S. JURSIC and D. M. N E U M A " , Tetruhedmn Lett..,
2001,42,
(25). 41034107
Synthetic procedures have been demonstrated for
the preparation of mono- and di-C-alkylated barbituric acid derivatives. Pt and Pd catalysts were used to
hydrogenate solutions of unsubstituted, N-monoand N&'-disubstituted barbituric acids, and aliphatic and aromatic aldehydes and ketones. The best
catalysts were 5 wt.% (dry basis) Pt or Pd, on active
C with HzO content normally 50%.

Selective Hydrogenation of Sunflower Seed Oil in
a Three-Phase Catalytic Membrane Reactor

J. W.VELDSINK,]. A.ogcbem.soc., 2@01,78,(5), 443-446

Hydrogenation of sunflower seed oil was carried
out in a novel three-phase membrane reactor consisting of a membrane impregnated with Pd. This
provided a catalytic interface between the & and the
oil. Membranes of a-A1203
with pore sizes of 5 and
20 nm were used. The 5 nm membranes had an a 0 3
top layer, while the 20 nm membranes had a ZrQ
layer. Hydrogenations under kinetically controlled
conditions showed that oleic and elaidic acid were
not hydrogenated in the presence of linoleic acid.
Hgh selectivities gave hgh trans levels.

The Effect of pH and Metal Loading on the
Properties of Sol-Gel Rh/SiOn

D. HANCU

and E. J. BECKMAN, Green Cbem., 2001, 3,

(4,

8M6

HZOZ
could be produced directly from HZand Ozin
liquid COZsolvent, with COZ-soluble Pd(II) or Pd(0)
catalysts, such as [Pd(P(G,H5)&]Clz or Pdz(dba)3,
although Pd(0) catalysts have more potential. The
direct Hz-Oz reaction was performed in liquid CQ in
a high-pressure (170 bar) batch reactor at room temperature. In a typical experiment, the reactor was
charged with deionised HzO, HzS04,Pd catalyst and
NH4C1. The Hz02 can be recovered from COZ without the need for large (and expensive) pressure drops.

Selective Palladium-Catalyzed Aminations on
Dichloropyridines
T. H. M. JONCKERS, B. U. W. MAES, G. L. F. LEMIERE
R DOMMISSE, Tetrubedmn,2001,57, (32), 7027-7034

and

The amination of dichloropyridines was catalysed
by Pd(OAc)z/BINAP, with K&O, as a base. Mild
conditions combined with low catalyst loading
resulted in maximum selectivity and excellent basesensitive functional group tolerance. The use of a
large amount of KCO, was crudal to get the reaction
to completion. The use of dioxane as solvent instead
of toluene gave increased yield. Pyndines can be
functionalisedusing this synthetic route.

On the Amination of Tetraazafulvalenes
. ~ ~ ~ G ~ ~ d R B E 2@01,0,118%1190
C ~ T , s ~ ~
Pdz(dba)3/rac-BINAP was used to catalyse the amination of tetraazafulvalenes. Starting from either the
tetraakylated compounds or their vinylogous derivatives, substitution of the aryl bromide by different
amines was achieved. Compounds which possess
four primary amino groups as well as four hydrazino
residues were synthesised by a one-pot, two-step
method. Bichromophores could be obtained by the
introduction of the phenoxazine system into tetraazafulvalenes.
C

Unexpected Regioselectivity in the PalladiumCatalyzed Reaction of Silacyclobutanes with Aryl
Iodides
Y. TANAKA, A. NISHIGAKI, Y. KIMURA

and M. YAMASHITA,

Appr Otgunome. Cbem., 2001,15, (8),

667470

C.KL4MBERTandRD.CoNZE2,~.~olid~totecbem.,2@01, The reaction of aryl iodides with 1,l-diphenylsila158, (2), 154-161
cyclobutanes (1) gives two classes of compounds,
The effect of pH and metal loading (0.5-1.5 wt.?h) depending on the Pd catalyst used. In the presence of
was investigated on the properties of Rh/SiQ cataa catalytic amount of Pd(PPh3)4, the reaction yields
lyst (1) prepared by sol-gel processing. The pH of the
unexpected ringopening adducts, 1- and 2-propenylsol had the most significant effect on the final S i 9
(triaryl)silanes, in good yields. However, the
support structure. (l),prepared at pH 3, had a hgh
PdClz(PhCN)z-catalysed reaction of (1) with aryl
metal dispersion and well-defined pore size distribu- halides also gives unexpected products, triarylsilanols,
tion. As the Rh loading was increased, the gels
after hydrolysis, in moderate yields. The catalysis
became more fully condensed. S i 9 prepared at a pH
involves the reaction of aryl-Pd intermediates with
of 8 showed a significant increase in the degree of
silacyclobutanes along with regioselective aryl-Si
condensation regardless of Rh content.
bond formation.

-

-

Phtinnm Metuh Rm, 2001, 45,(4)
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On the Stereoselectivity in Bisdihydroxylation of
1,B-Cyclooctadiene with Osmium Tetroxide
K. KAWAZOE, Y. FURUSHO,

s. NAKANISHI and T. TAKATA,

Syntb. Commnn., 2001,31, (14), 2107-2112
In the bisdihydroxylation of 1,5-cyclooctadiene
with oso4,a stoichiomemcamount of oso4 yielded

a 1:l mixture of y -and anti-isomers, while a catalytic amount of Os04 only gave the isomer yn(1R*,2P,5R*,6P)-cyclooctane-l,2,5,6-tetrol.
A cooxidant of N-methylmorpholine N-oxide was used.

Asymmetric Hydrogenation via Architectural and
Functional Molecular Engineering
R NOYORI. M. KOIZUMI, D. ISHn and T. OHKUMA, PUmlfppl.

Cbm., 2001,73, (2), 227-232

RuC12@hosphine)2(1,Zdiamine) complexes, coupled with an alkaline base, such as KOH, KOC(CH&
or NaOCH(CH3)2, in 2-propanol, can preferentially
hydrogenate a C=O function over coexisting conjugated or nonconjugated C=C hkages, a nitro group,
halogen atoms and various heterocycles. The use of
appropriate chiral diphosphines and diamines
achieves rapid asymmetric hydrogenation of various
aromatic, heteroaromatic and olelinic ketones.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Sintering of Screen-Printed Platinum Thick Films
for Electrode Applications
J. B. e C H E M B R E and G. R POT].

hf&r b.
2001,16,
,
(4),
922-931
Pt electrodes (68 pin thick) were produced on
A1203 substrate by a double-print Pt screen printing
process that included a sequential heat treatment at
600 and 1300°C. This improved the final sintered
double-print film as the first printed layer acted as a
sinteiing template for the second printed layer. The
sintered Pt hlms have a 95% coverage of the 4 0 3
surface, 92% density, 0.73 pin average surface roughness, and 16 X la5SZ cm resistivity.

Hydrogen-Robust Submicron lrO,/Pb(Zr,Ti)Os/lr
Capacitors for Embedded Ferroelectric Memory
T. SAKODA. T. S. MOISE, S . R. SUMMERFELT. L. COLOMBO.
G. XING, S. R. GILBERT. A. L. S. LOKE, S. MA, R. KAVARI.
L. k WILLS andJ.AMANO,Jpn. J. Appl Pbys., Part 1,2001,

40, (4B), 2911-2916
Submicron IIO,/PZT/Ir (PZT = Pb(Zr,Ti)O,)
capacitors (1) were fabricated using a one-mask
stack-etch process, integrated with a SiQ interlayer
dielectric, and contacted yith Al metallisation. The
aggregate electrical properties of integrated (1) were
shown to be nearly inde ndent of individual capacitor areas in the range 1 G . 1 2 pin'. In fact, switched
polarisation values of > 30 pC c d were obtained for
(1) with an individual capacitor area of 0.12 pin'. Hrobust (1) can be obtained using appropriate
diffusion barriers. No degradation in ferroelecmc
properties of (1) was observed.

Plarinum Me&

&.,

2001,45, (4)

Process Window Extension of TIN Diffusion
Barrier Using Preoxidation of Ru and RuO, Film
for (Ba,Sr)Ti03 Dielectric Film

J. vac. sci. Tecbnol.4
2001,19, (4), 1730-1736
The effects of thin layers of RuO, formed on the
bottom electrodes of a TiN barrier layer of dielectric
film was investigated. The Ru(100 nm)/TiN/pSi/Si
contact system had ohmic behaviour at the forward
bias at I 550"C, whereas the RuO,(lOO nm)/TiN/p
Si/Si contact system showed double Schottky
characteristics at 400°C. When the oxidation time was
reduced from 3 to 1 min, the electrical properties for
a Ru(30 nm)/TiN/pSi/Si contact system improved.
Electrical properties are better without Ru oxidation.
D.-S. YOON, K HONG andJ.S. ROH,

Electrical Properties and Thermodynamic
Stability of Sr(Til,,Ru,)03
Thin Films Deposited
by Inductive-Coupling-Plasma-Induced RF
Magnetron Sputtering
R. o m , T. SCHIMIZU, K. SANO, M. YOSHIKJ and
T. KAWMUB~, Jpn. J. App!. Pbys., Part 1,2001,40, (3A),

1384-1387
Sr(Til_&ux)03 (STRO) epitaxial thin films were
deposited on slngle crystal SrTi03(100) substrates
using the title magnetron sputtering technique in the
The electrical conductivity of STRO
absence of 02.
films increased with Ru concentration and levels of
the Ru 4d state were observed in the band gap of
SrTiO, by X P S analysis. Thermodynamic stability
increased with the decrease of Ru concentration.
STRO (x < 0.50) was free from degradation under an
anneahg H2 atmosphere at 600°C.

MEDICAL USES
Thermodynamic Studies on the Effects of Cisplatin
or its Analog Complexes on Actin Polymerization
and K WANG, Tbemocbim. A d a , 2001,
373, (l), 1-5
Thermodynamics parameters of actin polymerisation in the presence of cisplatin or its analog
complexes (k-DBDP, cis-DIDP, cis-DADP) were
obtained from direct heat and viscosity measurements at 310.15 K. The relative viscosity of actin
polymer decreased in the presence of the Pt complexes, and showed a Pt concentration dependence.

H. ZENG, B. WANG

Mixed Ligand Complexes of Ruthenium(l1)
Containing a,pUnsaturated-0-ketoamines and
Their Antibacterial Activity

Tmnriabn Met. chem.,
2001,26, (4-5), 500-504
~uX(CO)(PP~~)(B)(LL')]
Q = Cl; B = PPh3, pyridine, piperidhe, morpholine; LL' = a,p-unsaturatedp-ketoaminate) were synthesised by reacting @HCl(CO)(PPh&B)] with the appropriate 0-ketoamine in
a 1:l molar ratio. ~uCl(CO)(bzac+anz)(€'Ph3)@y)]
had high inhibiting action towards E-coli and
Salmoneh &bi.

T. D. THANGADURAI and K NATARAJAN,
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NEW PATENTS
METALS AND ALLOYS
Engraved Platinum Rings
WICAN KK

Japanese AppL 2001/078,818

The main body of a wedding ring is made from Pt,
and Au alloy is injected into an inner peripheral
groove of the ring. The Au alloy may represent a
character or a sign, for example, initials. The ring is
then hardened. This route gives an improved ring of
beautiful colour with permanent text engraving.
Corrosion and fading are prevented. Productivity of
such rings is improved as the number of processes is
reduced.

ELECTR 0DEPOSIT10N AND SURFACE
COATINGS
Enhancement of Hot Oxidation Resistance
Enmpan &L
1,099,775
The oxidation and hot gas corrosion resistances of
Co-based components (l), such as nozzle airfoils in
superalloy gas turbines, are enhanced by alurniniding
(1) to a Co aluminide (CoAl) layer. A layer of Pt is
then diffused into the top of the CoAl layer to form
a Pt aluminide layer. Kirkendall void formation is
eliminated.

GENERAL ELECTRIC CO.

APPARATUS AND TECHNIQUE
Detecting Soot Concentration in Exhaust Gas Currents
HERAEUS ELECTRO-NITE INT. N.V.

Eumpean AppL 1,106,996
A method and sensor for detecting concentrations
of soot in exhaust g a s currents from an I.C.E. passes
part of the soot-carrying gas through a ceramic,
meander-type moulded substance (1) which has open
pores in the direction of the current. A soot sensor
has a thin-hlm Pt resistor temperature probe to measure the temperature of the soot deposited on (1) and
an elecmcal heating element. After reachmg the soot
ignition temperature, the temperature of (1) is kept
constant by recycling the electrical heat. This can be
evaluated as the amount of soot particles burned and
determines the amount of soot in the gas.

Portable Liquid Deionising Device for Sulfite
H. BURINGER
US.Patent 6,221,220

Photocatalytic Coating Material for NOx Removal

A portable liquid deionising device for decomposing or removing sulfite present in wine is claimed. It
comprises a cylindrical housing; a current source; a
cathode made of non-ionisable material, preferably
Pt-plated Ti, Au, Ag, Cu or Ni- or Cr-plated Fe; and
an anode made of graphite or metal, preferably Pt,
Au, Ag, or Cu- or Pt-plated Ti. The device can be
easily transported and manually held and operated.

co. LTD.
Wod&L 01/21,716
A photocatalytic coating material (1) for NOx
removal contains (by weight parts): 40,000 of TiQ,
1-200 of a HzO-soluble Pd and/or Pt compound and
1 0 ~ , 0 0 of
0 a binder, in HZO. An alcohol solution
of an alkoxysilane may be added. (1) is applied to a
substrate and dried, by direct heating or after irradiation with U V light, to precipitate Pd and/or Pt in a
hgh concentration in a surface layer of the coating.
(1) has good NOx removal ability and good durability.

cow.
Japanese AppL 2001/025,636
A COZfixation device has a catalyst-fUed double
walled Pd pipe arranged in a reaction vessd &
formed in the vessel permeates through the Pd pipe.
COZ and CH, are introduced into the vessel as the
reactive gas. Hz generated in the reaction vessel can
be removed easily. The reaction is exothermic, so no
heat supply to the reaction vessel is required.

NIHON PARKWSING

Carbon Dioxide Fixation Device
SHIMADZU

SEMITOOL INC.

Thermistor Element
MURATA MFG. co. LTD.

Electrolyte for Platinum Electroplating of Gas Turbines

DENS0 COW.

Electroplating of Noble Metals
WorkiAppL 01/31,092
A noble metal (l), such as Pt, Pd, Ru, Ir, Rh, Os,
Au, Ag and their alloys, can be electroplated onto a
microelectronic workpiece by contacting the surface
with electroplating solution containing ions and/or
complexes of (1). An anode is spaced from the surface of the workpiece and h g h and low electroplating
currents are applied between them. Excellent hlm
characteristics and a reduction in the level of hlm
stress are claimed.

Japanese AppL 2001/044,007
A negative characteristic thermistor has Ag-Pd electrodes (1) covering both surfaces of a thermistor
element. Ag central terminal electrodes (2) are on a
central surface of (1). The (2) have sharply low specific resistance, so the surface resistance is also low
and the current capacity of the thermistor is hgh.
The thermistor has good destruction-resistance against
heavy current produced during solenoid energising.

Detecting Concentrations of Nitrogen Oxides in Gas
WodAppL 01/51,688
An electrolyte bath for Pt electroplating of superalloy turbine blades or vanes, comprises 0.01-320 g r'
Pt salt, such as [Pt(NH&(NOz)& and 0.1-240 g 1-'
alkali metal (Na, K, Rb, Cs) carbonate or bicarbonate.
Reduced amounts of Cl, S or P are produced. Highly
stable electrolytic plating of ultra pure Pt is obtained.
HONEYWELLINT.INC.

P/atinwmMetuLr Rev., 2001,45, (4), 18S190

Japanese AppL 2001/066,289
A NOx gas detector has a gas concentration detector cell with a pair of electrodes, one of which
contains Pt and Rh as principal components. NOx
concentration is measured from the amount of 0
formed by reduction decomposition when a predetermined voltage is impressed to the electrode pair.
NOx concentration in gas can be accurately detected.
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H ETER0G EN0US CATALYSIS
Multicomponent Dehydrogenation Catalyst
EnmJanAppL 1,074,299
A mdticomponent dehydrogenation catalyst (1) for
2-16C hydrocarbons and the production of propene
or isobutene is claimed. (1) comprises Pt and Sn; Ga,
In, Co and/or Ge; optionally Sc, Y and/or La, and
optionally alkali and/or alkaline earth metals, on a
Zio2 support which may contain S i a , A L 0 3 and/or
TiOz. (1) has good activity in the presence of KO
vapour, less coking and a longer life.
BASF A.G.

Carbon Monoxide Hydrogenation Catalysts
Wo&&L
01/32,305
A highly active and selective catalyst (1) for CO
hydrogenation, especially Fischer-Tropsch reactions,
is daimed. (1) is made by compositing a Group VIII
metal salt, such as a Pt salt, on a support, such as
SOz,washing the support with hydrocarbyl ammonium hydroxide or N&OH solution, followed by
dqmg and calcining. (1) can be used to produce
hydrocarbon waxes.
W O N RES.& ENG. CO.

Ruthenium-Tin Supported Catalyst
Japanese AppL 2001/009,277
A Ru-Sn supported catalyst, for use in the manufacture of alcohol, is obtained by treating a support
carrying a halide component of Sn and Ru catalyst,
particularly chloride, by alkaline solution followed
by reduction. The support may be a carbonaceous
carrier or a porous carrier such as ALOs, SOz,
diatomaceous earth or Z G . The carbonaceous carrier, such as activated C, is preferably used. The
alkaline solution preferably has pH 7.5-13.0. The catalyst has hgh activity and generation of hydrogen
halide in the process is reduced.
MITSUBISHI CHEM. COW.

Dechlorination of Aromatic Chlorine Compound
Jeanese A#.! 2001/019,646
Dechlorination of aromatic C1 compounds, such as
dioxin, involves irradiation with microwaves in the
presence of a supported Pt group metal/(= catalyst.
Reducing substances, such as Hz, alcohols or hydrocarbons, are also present. Dechlotination of aromatic
C1 compounds can be carried out in a short time and
detoxification of harmful C1 compounds achieved.
KANSAl TLO KK

Supported Palladium Catalyst for Ether Preparation
KAO cow.

Wo&AppL 01/32,306
A Pd catalyst (1) is formed by supponing Pd on
mesoporous aluminosilicate treated with NH3 or its
salt Ethers are prepared by reacting a cyclic acetal
and HZin the presence of (1).The monoethers (2) are
useful as oily stain solvents, organic solvents soluble
in H20, polar oils, emulsifiers, etc. (1) has good reaction activity and (2) are obtained in high selectivity.

Decomposing Toxic Organic Compounds
WorkiApp.! 01/34,296
A catalyst for decomposing toxic organic compounds (TOCs) has a T i 9 carrier (crystallinity2 1 0 %
measured by X-ray diffiactometry) doped with V and
Pd or V and Cr. The catalyst can completely decompose TOCs into CO, CO2, H20,HCl and Cb.
SAMSUNG ENG. CO. LTD.

Conversion of *Butane to Butene and BTX
U.S.Patent 6,198,012

PHILLIPS PETROLEUM CO.

Conversion of n-butane to butene and BTX (benzene, toluene and xylene) comprises contacting a
feedstock containing n-butane in the presence of a
catalyst prepared by chlorinating a calcined Ptimpregnated Sn aluminate. An increased amount of
BTX and greater selectivity in the production of
isobutylenes are achieved with this catalyst.

Reforming Gasoline-Range Hydrocarbons
UOP LLC
U.S.Potent 6,239,063
A catalytic composite for reforming gasoline-range
hydrocarbons is claimed. It comprises a reftactory
inorganic oxide support with (ii massYo): 0.1-10
halogen; 0.01-5 Group IVA metal, such as Sn;
0.01-2 Pt group metal, and 0.05-5 lanthanide
component, such as Yb, Eu or Sm, present at > 50%
as the +2 oxide. Improved selectivity with respect to
gasoline or aromatic yields is obtained.

PLdnrim Metah Rev., 2001,45, (4)

Methanol Reforming Catalyst
Japanese AppL 2001/025,662
A catalyst for MeOH reforming comprises active
Pd and/or Pt metal, on a ZnO support of 2&100 m2
g-' specific surface area. The reactor for the MeOH
reforming, containing the catalyst, is also claimed.
Activity, selectivity and life of the catalyst are
enhanced. In addition, the reduction process temperature for activating the catalyst is lowered. The
manufacture of the catalyst is economical. The size
and cost of the reactor are reduced.
T O Y 0 CCI KK

H0M0G ENEO US CATALYSIS
Pure lsochromanone Preparation

Erinipean AppL 1,086,949
Pure isochroman-3-ones (1) are prepared in high
yield by reacting a 1,2-bis(halomethyl)benzene with
CO and an alcohol, under a CO pressure of 0.1-50
MF'a at 20-200"C, in the presence of a Pd catalyst, a
dipolar aprotic solvent, optionally an ionic halide and
HzO. (1) are intermediates for pharmaceuticals and
plant protectants. The process can be carried out at
high concentrations (which increases the space-time
yield and makes it more suitable for industtial use).
CLARIANT Gm.b.H.

Carbonylation of Unsaturated Acetylenes
W d A p p L 01/28,972
Carbonylation of an acetylenically unsaturated compound, such as acetylene, involves reacting it with
CO and a co-reactant in the presence of a catalyst system based on a source of Pt, a source of anions and
a diphosphiue. The carbonylation can be performed
with a good turnover rate, high selectivity to the
desired carbonylation products and in the absence of
SnClZ.The co-reactant is stable over a long time,
malang it suitable for use in continuous applications.
SHELL I
".
RES.MIJ.B.V.
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Preparation of a Chiral3-Aminopyrrolidine
U.S. Patent 6,197,974
A chiral 3-aminOpyfdidine is enantioselectively
prepared by chirally reducing a p-keto ester in the
presence of an enantiomerically pure Ru catalyst to
give a pure p-hydroxy ester. The latter is activated
with sulfonic acid or one of its salts to give'an activated p-hydroxy ester. This is then treated with an
azide to give an aminoester,followed by deprotecting
and q c l i s i n g to give a pyrrolidinone,and then reducing to give the desired product. The processes are
efficient and may be applied selectively to prepare
specific isomers of 3-&OpyrfOfidine
compounds.

ABBOTT LAB.

Thin Layer Electronic Circuitry Components
Eumpan Appr 1,093,328
Thin layer electronic circuitry components are
formed by depositing a thin layer of Pt or doped Pt
(0.05-3 pn thick) on a Cu foil. Selected portions of
the Pt thin layer are exposed to a computer guided
laser, which has sufficient thermal energy to ablate
selected portions. This is used for forming resistors,
capacitor plates, multilayer PCBs, etc.
ROHM & HAAS CO.

Giant Magnetoresistive Stack
WodAjpL 00/65,578
A giant magnetoresistive (GMR) stack for use in a
magnetic read head comprises a NiFeCr seed layer, a
ferromagnetic-free layer, a ferromagnetic-pinned
layer, a pinning layer based on PtMnX & = Cr, Pd,
Nb, Re, Rh or Ta) adjacent to the pinned layer with
fixed magnetic moment, and a nonmagnetic spacer
layer between the free layer and pinned layer. A low
annealing temperature controls magnetic behaviour
and prevents diffusion between the thin layers in the
sensor. The sensor gives a high GMR ratio of 10.3%.
SEAGATE TECHNOLOGY LLC

Adrenaline Production
BOEHRINGER INGELHEIM PHARMA KG.

U.S. Patent 6,218,575
Adrenaline (1) or its addition salt is prepared on an
industrial scale with asymmetric hydrogenation as the
key step and a special sequence of successive steps
using a p(COD)Cl], and bidentate phosphine
lgand catalyst system, (1) is produced with high optical and chemical purity, and the risk of unwanted
isomer is minimised. (1) is a hormone and neurotransmitter, increasingpulse rate, cardiac output, etc.

Terminal Metal Pads

FUEL CELLS

U.S. Patent 6,235,412
A terminal metal pad (l), useful as contact points
for thin film packages, comprises a base metal stfucture on a substrate,covered by successive electroplated
ilm is of Pd or Au.
metal films. An outermost metal f
(1) meets the increasing input/output interconnect
density requirements, and is corrosion resistant.
INT. BUSINESS MACHINES COW.

Electrode Catalyst for Fuel Cells
SUZUKI KK

ELECTRICAL AND ELECTRONIC
ENGINEERING

Japanese AppA 2001/062,296

An electrode catalyst (1) for fud cells comprises Pt
and a metal chosen from Ru, 0 s and Ir. At least one
metal, chosen from Mo, Nb, W, Re, Cr, Ta and Rh,
is also included to improve the CO-resistant property. (1) has sufficient CO resistance characteristics
even in 500 ppm CO. A method for selecting a suitable metal element which will improve such a catalyst
is also described.

Fuel Cell Electrode Catalyst
TOYOTA CHUO KENKYUSHO KK

Jeanese Appl. 2001/068,120
An electrode catalyst for fuel cell electrodes comprises an alloy catalyst containing noble metal, such
as Pt or Pd, and base metal, such as Fe or Mn, on a
support. The alloy catalyst has a grain size of I 2 nm
and a degree of alloyiqg 2 50%. The electrode catalyst is used as a fuel electrode or an air pole in a fuel
cell. The grain size of the alloy catalyst gives high catalytic activity so allows a lugh electrical energy output.

Thin Film Laminate
Jqanese
2001/085,624
Thin film capacitors are claimed comprised of
dielectric thin film and an upper electrode sequentially formed on conductor thin film. Also claimed is
thin film laminate (1) of a Si substrate upon which a
buffer layer and a conductor thin tilm layer of Pt
group metals with f,c.c. structure are sequentially
formed by epitaxial growth. (1) is used for thin film
capacitors, pyroelectric elements, microactuators,etc.
MURATA MFG. CO. LTD.

MEDICAL USES
Production of Permanent Iron-Platinum Magnet
STICHTING TECH. WETENSCHAPPEN

W o d AppL 01/27,944
The production of a permanent Fe-Pt magnet (1)
suitable for fixing prosthesis (such as dental prostheses) in or on a body is described. It involves melting
an alloy of 2 30 at.% Pt, 6 5 at.% of a non-ferrous
metal and Fe (remainder) in an oxidation-inhibiting
atmosphere, avoiding contact between the melt and
surfaces at temperatures 2 alloy fusion temperature.
'

Polymer Fuel Cell for Electric Vehicles
Japanese &pL 2001/076,742

ASAH1 GLASS CO. LTD.

A solid 'high molecular form' fuel cell (1) has a solid
polymer electrolyte (SPE) film with 0 permeation of
at least 1 x 104 cm3cm-' s?. The anode catalyst layers have a 1-30 pn layer containing Pt catalyst or
Pt-Ru catalyst (Pt 2 6Oy0) in contact with the SPE
layer. (1) is used as an electric power unit for electric
vehicles. The poisoning of Pt by CO is inhibited. (1)
has high output characteristicsand good durability.

P M m m Metah Rev., 2001,45,(4)

The New Patents abstracts have been prepared from
material published by Dement Information Limited.
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L = (9-BINAP, (9-BINPO, Diels-Alder, a
140
0 s chloride, ROMP
60
OSHCI(CO)(O,)(PC~I)~,
NBR hydrogenation, a
95
Os04, 1,5-cyclooctadiene bisdihydroxylation, a
187
Catalysts, Palladium, Ce-Pamordenite, NOx reduction 164
Pd, oxidation, of alcohols, aldehydes
154
phenols amination
154
poisoning, in CH, combustion
164
TWC, with Ni, HIS suppression
164
Pd colloids, immobilised
154
Pd powder, with KF, Suzuki couplings, a
139
Pd-PPhrPAMAh-Si02, Heck reactions, a
43
Pd/a-AI2O1 membrane, oil hydrogenation, a
186
Pd/Ag, doped, hydrogenation of acetylenes
I54
PdAl201, acetaldehyde, EtOH, decomposition, a
94
TWC, Pd sintering
164
PdC
154
C-alkylation of barbituric acids with carbonyls, a
186
C-N, C-0 hydrogenolysis
112
imine hydrogenation, in Neotame” synthesis
112
oxidation of alcohols, a
94
+ Zn powder, hydrogenation, a
43
Pd/CeOh?Zr,,1702,TWC, oxygen storage capacity
164
PdMO,, Heck reactions, aryl bromides + olefins, a
138
PdPb, doped, hydrogenation of acetylenes
154
Pd/support, hydrogenation of acetylenes
154
Pazeolite, Heck reactions, aryl bromides + olefins, a 138

Barbituric Acids, C-alkylation with carbonyls, a
Battery, Ni-MH, a
Benzene, oxidation, a
Biphasic, see Catalysis
Bisdihydroxylation, 1,S-cyclooctadiene. a
Book Reviews, “Catalyst Design: Optimal Distribution
of Catalyst in Pellets, Reactors, and Membranes”
“Catalytic Polymerization of Cycloolefins”
“Fine Chemicals through Heterogeneous Catalysis”
“Handbook of Commercial Catalysts - Heterogeneous
Catalysts”
“Hydrogen in Metal Systems 11”

186
92

184
187
122
60

154
83
131

Cancer, anti-, Pt azole-bridged complexes, a
44
Ru complexes
62
drugs, a
96, 187
Capacitors, poly(3,4-ethylenedioxythiophene) RuO,, a 140
IrO.lPbfZr.Ti)O./Ir. for ferroelectric memorv. u
I87
Ta-Rud dhikion barriers. a
44
Carbenes; Pd, heterocyclic, h
184
Ru, Cp*Ru-allylcarbenes, a
184
with imidazolin-2-ylidenes, metathesis
155
Ru(L)G(carbene), L = imidazoline-2-ylidenes
1 12
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Catalysts, Palladium, (cont.)
Pd(II)/hydrotalcite, + 02,oxidation of alcohols, a
139
PdOisupport, as combustors, for gas turbines
164
S-C-S-Pd(II)/PNIPAM, -/poly(ethylene glycol), a
43
Catalysts, Palladium Complexes, (q'-allyl)Pd,
139
electronic interactions, a
in C-C, C-N bond formation
13
ferrocenyl phosphine Pd/Si02, allylic alkylation
102
orthopalladated aryloxime, biomimetic hydrolysis, a
139
P*-chiral phosphapalladacycle, hydroarylation, a
43
palladacycles, high throughput screening techniques
I I2
Pd(0) +poly(N-isopropylacrylamide)-boundphosphines,
coupling reactions, thermomorphic conditions, a 43
Pd'lPd", Pd"lPd'", in Heck reaction mechanism, a
139
Pd acetate, Pd chloride, H 2 0emulsion polymerisation 60
Pd-pyridylimine/amorphous mesoporous silica
102
Pd-pyridylimine/miceIle templated silica
I02
[Pd(x-allyl)CI]I + FerroPHOS, allylic alkylation, a
139
Pd(BINAP)(OTf)l, alkene hydroamination
112
43
PdCh + CuCIz, Wacker reaction, of alkenes, a
PdChdppf, coup!ing reactions
22
PdC12(PhCN)I, silacyclobutanes + aryl iodides, a
186
[PdCI(C1H5)]I-tetraphosphine,
allylic amination, a
I39
Pd(dba)ddi- 1-adamantyl-n-butylphosphine,a
95
Pd(dba)>/dppf,C-N coupling
22
PdI(dba),, HZ02generation, a
186
Pd*(dba), + P ( ~ - C H I C ~ H ~cross-coupling,
),,
CHII +TIC 33
Pd2(dba)l/rac-BINAP,tetraazafulvalenes amination, a 186
Pd(dppf)(OTt), styrene hydroamination
112
Pd(OAc)I, oxidation of alcohols, a
94
Pd(0Ac)I +o-tolyldiazaphospholidine,hydroarylation, a 43
Pd(OAc)~/Cu(OAc)2/LiOAc,Mizoroki-Heck reactions, a 43
P ~ ( O A C ) ~ - Ptelomerisation
R~,
of phenols with dienes, a 95
Pd(OAc)I/BINAP, dichloropyridines amination, a
I86
Pd(OAc)2/dppf,C-N, C - 0 coupling
22
Pd(P-P)(Ar)Br, PhBr + aminoarenes cross-coupling
13
[Pd(P(CnHs)1)2]C12,H201 generation, a
186
Pd(PPh,)2CldCul, Sonogashira couplings, microwave 163
Pd(PPhl)r, diene hydroamination, with anilines
112
silacyclobutanes + aryl iodides, a
186
vinyl aldehyde hydrogenation
13
Catalysts, Platinum, Au-Pt, MeOH electrooxidation, a 138
Pt( 1 I I), CO oxidation, HI oxidation, a
94
Pt, at cathode, for PEMFCs
164
CO removal, from diesel exhaust
I76
Fe promoted, hydrogenation, of aldehydes, ketones I54
HC removal, from diesel exhaust
I76
NH, oxidation, a
94
NOx storage, S poisoning, regeneration
164
oxidation, of alcohols, aldehydes
154
poisoning, in CH, combustion
164
Pt nanoparticles/SiOz, cyclohexene dehydrogenation, a 94
Pt-Au, NOx reduction
164
Pt-Co/, Pt-Cd, Pt-Ni/, PI-Co-Cr/, Pt-Co-Ni/C, a
I40
Pt-Cr, Pt-Fe, Pt-Mn, at cathode, for PEMFCs
164
Pt-CuO/SiO,-doped hydrous Ti oxide, NOx reduction I64
Pt-MolC electrocatalysts, Hz electrooxidation, a
95
PI-Re, reforming, of naphthenes, paraffins
I64
Pt-Ru, at anode, for PEMFCs
I64
Pt-Ru/C electrocatalysts, HI electrooxidation, u
95
MeOH oxidation, a
96, 140
Pt/Al10,, CHI oxidation
164
cinchona-modfied, ethyl pyruvate hydrogenation, a 94
CO oxidation, a
43
Pt/y-Al20, + Cs,K,Li,Rb,NO reduction, by propene, a 138
Pt/C, C-alkylation of barbituric acids with carbonyls, a 186
Pt-RdC, HI oxidation, HI/CO oxidation, a
140
Pt/C electrocatalysts, H2 electrooxidation, a
95
Pt/Ce02, crotonaldehyde hydrogenation, a
94
on monoliths, water gas shift reactors
164
Pt/clay, cinnamaldehyde hydrogenation
154
Pt/Si02, + HC02H, in chemical denitration, a
43
PUstyrene divinyl benzene copolymer, NH3 oxidation, a 94
PtlllS-Y zeolites, cycloalkane hydrocracking, a
138
Pt/zeolite, HI adsorption
164

Catalysts, Platinum, (cont.)
PtlZMS-5, thiophene hydrodesulfurisation, a
186
PtRu anode catalysts, CO stripping, a
96
Catalysts, Platinum Complexes, (PPh,),PtCI,.
hydroformylation, u
95
164
Catalysts, Rhodium, RholSi02,TWC, CO oxidation
Rh, NOx storage, S poisoning, regeneration
164
poisoning, in CHJ combustion
164
164
Rh/Ceoo,Zr,,1702.
TWC, oxygen storage capacity
Rh/SiOI, sol-gel preparation, a
186
Rhx+lCeo
75Zr0z 5 0 2 , TWC, CO oxidation
164
Catalysts, Rhodium Complexes, chiral dirhodium(l1)
carboxamidates
112
(qb-C,HsBPhl)-Rh+(1,5-COD),thiazepinones synthesis 69
Cp*Rh + chiral N,N'-chelate ligand
59
H2O soluble, higher olefin hydroformy lation
123
thermoregulated phase transfer catalysis
123
Rhz(OAc)a, fluoroalkyl dihydrofurans synthesis, a
139
Rha(CO)ia, norbomadienes + CO, norbomenes + CO, a 44
Rh(CO)lacac/(S0,Na)2Xantphos, hydroformylation, a 95
[R~(COD)CI]I/TPPTS,hydroformylation, a
95
[Rh(COD)(PPh~)~]BFdmontmorillonite.
amines
21
[Rh(Duphos)(diene)]~BFJlalumina,+ heteropoly acid I I2
[Rh(PHANEPHOS)(MeOH)J, enamide hydrogenation 13
Catalysts, Ruthenium, Pt-Ru, at anode, for PEMFCs
164
Pt-RdC electrocatalysts, HI electrooxidation, a
95
MeOH oxidation, a
96, 140
PtRu anode catalysts, CO stripping, a
96
Ru, carbohydrate production
154
CO oxidation, a
94
Ru-CeOdY-form zeolite, NH, decomposition
40
RdC, Pt-RdC, HI oxidation, HJCO oxidation, a
140
Catalysts, Ruthenium Complexes, [Cp*Ru(alkene)]',
internal alkynes, trans-hydrogenation, a
140
Gtubbs' catalyst
60, 155
L~XIRU=CHR,(PCy,),CI?Ru=CHPh, metathesis, a
95
Ru carbenes, with imidazolin-2-ylidenes; polymer
supported; Schiff base ligated, metathesis
155
Ru chloride, ROMP
60
Ru N-heterocyclic carbenes, olefin metathesis, a
95
[ R ~ C I ~ ( a r e n e+) ]( ~IS,2S)-N-(arylsulfonyl)-1.2diphenylethylenediamine,a
44
RuC12(phosphine)2(1.2-diamine). C=O hydrogenation, a I87
RuCIZ(PPh,)l,star-shaped polymer synthesis
82
RuCI.(PPhj), + TEMPO, alcohol aerobic oxidation
15
'RuH2(PPh3),', alcohol aerobic oxidation
15
Ru(ll), asymmetric transfer hydrogenation, a
44
Ru(L)-.Cl2(carbene),L = imidazoline-2-ylidenes
112
(S,S)-N-p-tosyl- 1,2-diphenylethylene-I .2-diamine-Ru, a 44
Chemical Fluid Deposition, Pd
14, 185
Cinnamaldehyde, hydrogenation
154
Cinnamate Esters, from aryl bromides+butyl acrylate, a 43
Cisplatin, a
44,96, 187
Clusters, colloidal, Ir, Pd, Pt, Rh, Ru
11
Pd, H solubility
166
Pd cluster/, Pt cluster/polymer composites, a
41
see also Nanoclusters
124
Coatings, Pt aluminide
see also Deposition and Electrodeposition
Colloids, clusters, Ir, Pd, Pt, Rh, Ru
II
Pd, immobilised
154
Ru(bpy),"-zeolite Y, Ru(bpy),'*-viologen-zeolite Y, a 137
Combustion, CH4
164
Conferences. 4th Ando-Dutch Svmo. Oreanomet.
Chem. Appl. katal., Utre~ht,'Oct.:2000
13
7th Grove Fuel Cell Symposium,
91, I46
London, Sept., 2001
8th Int. Conf. on the Chem. of the PGMs,
University of Southampton, July, 2002
Ill
17th NACS Meeting, Toronto, June, 2001
164
21st Century Emissions Technology,
31
London, Dec., 2000
Catal. in Org. Synth., New Jersey, May, 2001
I12
HTM-2001, Donetsk-Mariupol, Ukraine, May, 2001
130
lSPM'200 I , Hong Kong SAR, March, 2001
123
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Conferences, (cont.)
Markets of Glass Fiber Material;, High-Quality
Glasses, Monocrystals and Precious-Metal
Equipment for Their Production, Veliky
Novgorod, Russia, June, 2001
SAE, Detroit, U.S.A., March, 2001
Techniques of Catalyst Manufacture,
Loughborough, U.K., Nov.. 2000
Copper, sulfide ores, recovery of 0s-I87
Coupling Reactions, C-C, C-N, C - 0 coupling
Kumada-Hayashi coupling
PhBr + aminoarenes
sp-sp’ couplings, thermomorphic conditions, a
see also Heck Reactions and Suzuki Couplings
Crown Ethers, polymer-,+KzPdCI4,+K2PtCl4,a
CRT, for diesel emission control
31 ,71,
MacRobert Award
Cycloalkanes, hydrocracking, a
Cyclohexene, reaction with H2,.a
1,5-Cyclooetadiene, bisdihydroxylation, a
Cycloolefins, copolymerisation
RCM
ROMP
60,

40
71
20
132
22
22
13
43
92
176
30
138
94
187

60
60
155

Dehydrogenation, cyclohexene, a
94
Dendrimers, immobilisation, of Ru carbenes
155
Denitration, HNO, nuclear fuel reprocessing waste, a
43
Dental, alloys
62
Deposition, chemical fluid, Pd
14, 185
see also Coatings and Electrodeposition
Deuterium, absorption, desorption, PdD, a
184
solubility, in PdiRh, a
41
Diels-Alder Condensation
112, 140, 154
1J-Dienes, reaction with phenols, a
95
Diesel, emission control
30, 31, 50, 71, 176
NOx removal
71, 176
particulate filters
71, 176
particulates, control by CRT
30, 31, 71, 176
Pt oxidation catalyst, CO removal, HC removal
176
PDiketones, Ru(II1) complexes, for molecular wires
2
Pt acetylacetonate, availability and uses
123
Diodes, emitting, Ru(bpy),” DNA-polyaniline, a
185
Elastic Properties, Ir, Pt, Rh, Pt-lr, Pt-Rh,modulus of
74
rigidity, Poisson’s ratio, Young’s modulus
Electrical Contacts, ohmic contacts, Pd/Ge/Ti/Pt, a
44
Electrical Resistance, Pd-Rh, a
41
Electrochemistry, a
92, 137
Electrodeposition, Pd, brush-plating, a
I85
Pd nanoparticles, synthesis, a
42
see also Coatings and Deposition
Electrodeposition and Surface Coatings, a
42, 137, 185
Electrodes, C paste, with [RU(NH~)~]”,
a
I85
HIstorage alloy, Pd”/C powder addition, a
92
micro-, Pt-Ir, modified, isocitrate sensor, a
93
Rh-C fibre
183
poly(3,4-ethylenedioxythiophenc)RuO,, a
140
Pt, on AI20,, by double-print Pt screen printing, a
187
with chitinlglucose oxidase film, glucose sensor, a
93
in exhaust gas O2sensor
176
HCOOH oxidation, low-intensity ultrasound, a
137
Pt-Nafion, CH4 determination, a
138
185
Pt/Nafion”, NO2 sensor, a
PUTi, nanostructured, HCOOH oxidation, a
137
Electroless Platine, Ni, on Pd films/auartz resonator. a 42
Pd, plating bath< a
137
Electrolytes, [CO,P~,(CN),CI,(CH,.H~.,,~.,I)K], a
92
Emission Control, legislation
50, 175, 176
motor vehicles
30, 31, 50, 70, 71, 123, 175, 176
123.
175
in China
~.
vocs
123
Engines, CAI, CNG
31
Etching, anisotropic, of Ru02 and Ru, for DRAM, a
96
Ethyl Pyruvate, hydrogenation, a
94
Exaltolide@’, synthesis
155

.-
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Faujasite Cages, Rh carbonyls, “ship-in-bottle”, a
136
96
Films, NiPt, NilPt, NiPtl, magnetic anisotropy, a
14
Pd, by chemical fluid deposition
42
on a quartz resonator, for electroless Ni plating, a
Ru, RuO,, for (Ba,Sr)TiOl dielectric film, a
187
see also Thin Films
Fine Chemicals, synthesis, by heterogeneous catalysis I54
Fluorescence, Ru(l1) polypyridyls, pH sensor system, a 42
Formic acid, oxidation, a
137
Fracture, brittle intercrystalline, Ir, Ir-3%Re-2%Ru
1 79
brittle transcrystalline, Ir, Ir-3%Re-2%Ru
179
Fuel Cells, a
44,95-96, 140
AFC
146
conferences
91, 123, 146, 164
defence applications
146
DMFC
146
Pt-Sn electrodes, MeOH electrooxidation, a
44
PtRu anode catalysts, CO stripping, a
96
electrodes
131
‘Fuel Cell Today’ internet portal
152
Grove Medal
146
MCFC
I46
PAFC
I46
123
PEFC, catalysts
95
Ptl, Pt-Mo/, Pt-RuiC, electrocatalysts, a
146
PEMFC
.catalysts, anode, Pt-Ru, cathode, Pt, Pt-Cr, -Fe, -Mn 164
portable power
146
Pt-RdC electrocatalysts, MeOH oxidation, a
96, 140
review, a
95
Seventh Grove Fuel Cell Symposium
91, 146
SOFC
I46
SPE-DMFC, Pt-Col, Pt-Crl, Pt-Nil, Pt-Co-Crl,
Pt-Co-Ni/C, O2 reduction, a
I40
stationary power generation
I46
transportation
I46
water gas shift reactors, Pt/Ce02, on monoliths
164
Gas Turbines, Pt aluminide coatings
124
164
catalytic combustors, PdO/support
Gauzes, Pt, NH, oxidation, a
94
Pt-Rh, electrical heating device for
34
Glass, conference
40
Glucose, sensors, a
93, 138, 185
Gold, Au-Pt, nanoparticles, MeOH electrooxidation, a 138
92
Au-Pt-Sn phase diagram, AuPt2Sn., formation, a
Grain Boundaries, brittleness, Ir
179
Grove Fuel Cell Symposium, Seventh
91, 146
Heck Reactions, a
43.95, 138
Mizoroki-, a
43
Pd’lPd”, Pd”/Pd’”, mechanism, a
I39
Pd-pyridylimine/amorphous mesoporous silica
102
thermomorphic conditions, a
43
Heterostructures. Ru o-lnPI 1001. a
I40
High Temperature, mkchadcal properties, of pgms
74
High Throughput Screening Techniques, FibreCatTM 1 12
multi-channel reactor
13
Pd catalysts
112
History, Rhodium Bicentenary Competition
59, 129
William Hyde Wollaston, discovery of Rh
59
Hydrazine, sensor
183
Hydroamination, alkenes, dienes, styrenes
112
Hydroarylation, asymmetric, norbornene, a
43
Hydrocarbons, traps, catalysed, in emission control
176
Hydrocracking, cycloalkanes, a
138
Hydrodesulfurisation, thiophene, a
186
Hydroformylation, -2-propenol, -2-propynol, a
95
ionic liquids, as solvents, a
95
Hydrogen, absorption, PQ97Ala internal oxidation
166
book review, “Hydrogen in Metal Systems II”
131
conference
130
desorption, during Pd brush-plating, a
185
P& 97A100,,internal oxidation
166
economy
130, 131

197

Page
Hydrogen, (cont.)
electrooxidation, Pti, Pt-Moi, Pt-RuiC, a
95
generation, from HIO, a
42,43
H-bonding, in ~ ~ ~ ~ S - [ P ~ ( P R ~ ) ~ Ha ( F H F ) ] ,
41
H-induced phase separation, Pd RO-Pb20,
Pd-Rh
I66
interaction, with PdC&, PdCuL2,PdCu( 1 I I), a
136
with Pd, Pd alloys, Pt, Pt alloys
131
interstitial location, in Pd
I30
isotope diffusion, in Pd
130
186
with 02,H102generation, a
94, 140
oxidation, a
photoevolution, cytochrome c3-viologen-Ru(II)triad, a 184
reagent, opposing reagents chemical fluid deposition, a 185
sensors
42.93, 174, 185
solubility, in Pd
114
in Pd clusters, nanocrystalline Pd
166
in Pd-Ag, Pd-Ni, Pd-Pt, Pd-Rh, Pd-Si
114
in Pd-AI, Pd-Mg, after internal oxidation
166
in Pd/Al2O1
I66
in Pd/MO, composites
I66
storage
131
storage materials
123
Hydrogen Peroxide, generation, from H2 + 0 2 , a
186
Hydrogenation, acety-lenes
I54
13,
43,94,
154
aldehydes
aromatic nitro compounds, a
43
enamide substrates
13
94
ethyl pymvate, a
44, 154, 187
ketones
nitrile-butadienc rubber, a
95
nitro-group
154
nitrobenzene
I64
sunflower seed oil, a
I86
trans-, internal alkynes, a
I40
Hydrogenolysis, C-N, C - 0
112
Hydrolysis, biomimetic, a
139
139
Hydrotalcites, Pd(lI)/, + Oz, i ohols oxi tion, a
Immunosuppressants, Ru complexes
62
13, 41, 95
Ionic Liquids, solvent
Iridium, brittle intercrystallinc fracture
I79
brittle transcrystalline fracture
179
96
CoiIriCo, magnetism, transport properties, a
11
colloidal clusters
74
elastic, high temperature mechanical properties
lrOJPb(Zr,Ti)O1/1r, capacitors, a
187
polycrystalline
179
179
refining of
single crystals
I79
179
Iridium Alloys, Ir-0.3%W, doped, with Ce, Th
single cjstais
179
92
Ir-0.3W-0.006Th-O.O05Al, with Al, Cr, Fe, Ni, Si. a
grain boundary segregation, of impurities, a
92
Ir-3%Re-2%Ru, brittle intercrystalline fracture
179
brittle transcrvstalline fracture
179
single crystals
I79
93
microelectrodes, Pt-Ir, isocitrate sensor, a
138
Ph dlr02, superconducting tips, STM, a
74
Pt-Ir, elastic, high temperature mechanical properties
Iridium Complexes, Ir(II1) polypyridines, microwave93
assisted synthesis, phosphorescence, a
93
[(~py)~lr(phen-phen)Ir(ppy),] *, luminescence, a
Iridium Compounds, IrO,/Pb(Zr,Ti)O,ilr, capacitors, a 187
Iron, 1 , I ’-bis(diphenylpbosphino)ferrocene,pgm
22
complexes, in non-chiral catalysis
93
Isocitrate, sensor, a
Johnson Matthey, Autocatalyst Plant, in China
“Catalysis in Organic Synthesis” symposium
Catalyst Sample Kits, Catalytic Reaction Guide,
“The Catalyst Technical Handbook”
CRTTM,MacRobert Award
European Autocatalyst Plant, Royston, U.K.
‘Fuel Cell Today’ internet portal
“Platinum 2001”
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Johnson Matthey, (conr.)
ProCat2 Process Catalyst Plant
Rhodium Bicentenary Competition
Ketones, acetophenone, asymmetric reduction
for C-alkylation, of barbituric acids, a
from alcohols, a
hydrogenation
Kumada-Hayashi coupling

12
59, 129
59
186
139
44, 154, 187
22

Langmuir-Blodgett Films, with Ru(bpy)3’*,a
Luminescence, [(bpy)2Os(phen-phen)O~(bpy)>]~*,a
[(bpy)~Ru(~~-bipy-O-bpy)Os(bpy)~l~’,
a
a
[(bpy)~Ru(~~-bipy-O-bpy)Ru(bpy)~]~’,
[(bpy)lRu(phen-phen)Ru(bpy)’]~-, a
1,3-[C1(Et?P)2PdC-C]2-5-[(‘Pr),SiC~C]ChH,,a
I ,~,~-[CI(E~IP)>P~CIC]~C~H,,
a
[(Melbpy)2Os(pben-phen)Os( Me2bpy)#*, a
[(ppy)~Ir(phen-phen)Ir(ppy)~]”,
a
[Ru(bpy)312’,a
[Ru(Ph~phen)~DChpy]”ipolymer,
pH sensor system, a

185
93
137
137
93
137
137
93
93
137
42

41
Magnetism, CeRu2Si2.a
96
CoiIriCo sandwiches, a
NiPt, Ni3Pt, NiPt,, magnetic anisotropy, a
96
RuSr2GdCu2Ox,
a
184
Medical, brain imaging, positron emission tomography 33
44,96, 187
Medical Uses, a
62
Ru complexes
131
Membranes, diffusion, Pd alloys
131
Pd alloys, H2 permeation
I86
Pd/a-Alz03,sunflower sccd oil hydrogenation, a
Pdiporous glass, -/stainless stcel, a
137
Memory, DRAM, anisotropic etching of Ru02, Ru, a
96
ferroelectric, IrO,/Pb(Zr,Ti)Olilr, capacitors, a
I87
Metallacycles, Pt(I1) bis(sulfonamides), a
136
Metallisation, Rh, on C fibre microelectrodes
183
Metallodendrimers, Pd, a
137
Metathesis, CM, RCM, ROM, ROMP
I55
60
cycloolefins, RCM, ROMP
dcfins
95. 155
I 12
Ru(L)’Cl2(carbene), L = imadazoline-2-ylidenes
Methane, combustion, oxidation, reforming
I64
sensors, a
138, 140
138
Microscopy, STM, superconducting tips, Ptlx/1ru2.a
Microwaves, -assisted, Sonogashira couplings
I63
1I
for synthesis, of colloidal clusters, Ir, Pd, Pt, Rh, Ru
of Ir(II1) polypyridincs, a
93
74
Modulus of Rigidity, Ir, Pt, Rh, Pt-Ir. Pt-Rh
2
Molecular Wires, with tris(P-diketonato)Ru(III) units
93
MOS, Pd-gate, H2 sensor. a
44
Multilayers, CoiPUNilPt, X-ray study, a
Nanoclusters, Pd, by brush-plating, a
Nanocrystalline, Pd, H solubility
Nanoparticles, Au-Pt, MeOH electrooxidation, a
Pd, in Pd-polypyrrole composites, a
Pt, on Ti support, nanostructured electrodes, a
sonochemical preparation, Pd, Pt
Nanostructures; PtiTi electrodes, a
Naphthenes, reforming
Neotame@,synthesis
Nickel, NiPt, Ni,Pt, NiPt,, magnetic anisotropy, a
Pd-Ni, in HSGFET, H2 sensor
Ti-TiNi-TiRu, phasc diagram
Nitric Acid, manufacture, start-up operation
nuclear fuel reproccssing waste, denitration, a
Nitro Aromatics, hydrogenation, a
Nitrobenzenes, hydrogenation
Nitrogen Oxides, NO*, sensor, a
NO, reduction, by propene. a
scavcngers in the body, Ru complexes
NOx, lean, catalysts
selective catalytic reduction, diesel emissions
sensors

I85
166
I38
42
I37
121
137
164
I12
96
I74
84
34
43
43
164
185
I38
62
I64
31, 176
176

198

Page
Nitrogen Oxides, NOx, (conf.)
traps, in diesel emissions
NMR, 'H,(r-allyl)Pd+N,"-bis(phenylethyl)bispidine,

71, 176
a 92

Ohmic Contacts, see Electrical Contacts
Oils, sunflower seed, hydrogenation, a
I86
Olefins, with aryl bromides, Heck reaction, a
138
metathesis
95, 155
substituted, synthesis, a
43
Optical Fibres, Pdi, Pt/W03, H2 sensor, a
42
Ores, sulfide Cu ores, recovery of 05-187
132
Osmium, 0s-187, recovery from sulfide Cu ores
132
Osmium Complexes, [Cp*zOsC1]2[OsC16],
formation, a 92
[(q6;Cy)OsC1(L)](SbFs),L= (8-BINAP,(S)-BINPO, a 140
luminescence, a
93, 137
[Os(CsHnBr)14,+ arylboronic acids, Suzuki coupling, a 184
Os(1V) homoleptic functionalised aryls, a
184
[OSO~(SO,)~(H~O)]~-,
extraction with trialkylamine
132
+ NH40H - (NH4)2S04- H20, formation and storage I32
[ ((RO)zPS2}30s"-Os'1~SIP(R0)z},]z~,
synthesis, a
136
[ {(R0)2PSz},0s"'-0s11{SzP(RO)2}3],synthesis, a
136
[ ~ ( R ~ ) Z P S ~ { ~ ~ ~ ~ " - O ~312*,
~ "synthesis,
( S ~ P (aR O ) 136
~~
Oxidahon, aerobic, alcohols
15
alcohols
94, 112, 139, 154
aldehydes
154
benzene, a
184
CH4
164
CO, TWCs
164
electro-, MeOH, a
44.96, 138, 140
HCOOH, a
137
Oxygen, in exhaust gas, sensor
176
generation, from HzO,,a
42
with Hz, H2O2generation, a
186
reduction, on Pt alloy catalysts, for SPE-DMFCs, a
140
Palladium, clusters, H solubility
166
colloidal clusters
II
colloids, immobilised
154
electroless plating, a
137
films, by CFD
14, 185
H interstitial location
I30
H isotope diffusion
130
H solubility
114, 166
interaction with HI
I3 1
lattice defects
114, 166
membranes, a
137, 186
nanoclusters, by brush-plating, a
185
nanocrystalline, H solubility
166
nanoparticles
121
42
in Pd-polypyrrole composites, a
92
Pd'+/C powder, H2 storage electrodes, a
136
P ~ . I ~ C U I O Nbulk
~ ~ Oglass,
P ~ O crystallisation
,
of, a
41
Pd cluster/polymer composites, preparation, a
Pd films, for studying electroless Ni plating, a
42
Pd-gate MOS, Hz sensor, a
93
42
Pd-polypyrole composite thin films, a
166
Pd/AI2O3.H solubility
44
PdiGdTilPt ohmic contacts, on GaAs, a
Pd/MO,, H solubility
166
Pd/Si02 spheres, synthesis
174
Pd/SnOZ,HI sensor, a
185
42
Pd/WOi optical fibres, H2 sensor, a
Palladium Alloys, Ag-Pd pastes, for MLC devices, a
96
H interstitial location
130
H isotope diffusion
I30
H solubility
114, 166
interaction with H2
131
lattice defects
114, I66
membranes
131
166
PQ 97Alo,,oxidised, H absorption, desorption
136
P&Cb, PdCu12,PdCu( 11 I), interaction with H2, a
Pd77Ae,l. H absomtion. desomtion
130
Pda~,-Py;i,H-induckd phase separation
I66
Pd-Ag, Pd-Ni, Pd-Pt, Pd-Rh, Pd-Si, H solubility
114
Pd-AI, Pd-Mg, internal oxidation, H solubility
I66
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Palladium AUoys, (cont.)
Pd-Er-H, Pd-Mo-H, Pd-Ta-H
130
174
Pd-Ni, in HSGFET, H2 sensor
41
Pd-Rh, D solubility, resistance, a
H-induced phase separation
166
PdCu(llO), surfaces, formation, modelling of, a
41
Palladium Complexes, (r-al1yl)Pd +
N,"-bis(phenylethy1)bispidine. 'H NMR, a
92
bis(acetylacetonato)Pd(II), in Pd clustedpolymer, a
41
r-2-methylallyl(cyclopentadienyl)Pd(II), for CFD 14, 185
1 ,3-[Cl(Et,P)zPdC&]2-5-[('Pr)3SiC=C]C6H3,
a
137
1,3,5-[CI(Et,P)2PdC=C]IC6H1,a
137
[CO,P~,(CN)~CI,(CH~.H~~+~O~,I)KI],
electrolyte, a
92
KZPdCl4,+ polymer-supported dibenzo-18-crown-6, a 92
frans-LzPd12,L = heterocyclic carbene, a
I84
[Pd2(1,8-d~mn)~(RNC)~]~-,
[Pd2(l,8-dpmn)(RNC)4]'-,
a 184
Pd(Z-thpy),, photophysical properties, a
93
185
Pd(l1) hexafluoroacetylacetonate, for CFD, a
Pd(I!)(en), sequence-selective molecular pinch, a
136
Palladium Compounds,PdD,Dabsorption,desorption,a 184
93
PdO-modified SnO2-Fe2O7,CO sensor, a
Paraffins, reforming
I64
96
Pastes, Ag-Pd, for MLC devices, a
Patents
45%48,97-100, 141-144, 188-190
Peptides, a-helical, with Pd(II)(en), a
136
pH, sensor system, a
42
Phase Diagrams, Au-Pt-Sn, a
92
Ti-TiNi-TiRu
84
Phenols, amination
154
C-allylated, synthesis, a
95
from 2-cyclohexen-1-01. a
94
telomerisation, a
95
Phosphorescence, Ir(II1) polypyridines, a
93
Photocatalysis, Pt/Ti02, benzene oxidation, a
I84
Photoconversion, a
42,93, 137, 184-185
Photoelectrolysis, H20,by AIGaAs/Si RUO$F~,~.,~,
a
42
Photoproperties, [(COD)Pt(R)z],photoreactivity, a
137
93
Pd(Z-th~y)~,
Pt(2-th~y)~.
low temperature, a
Ru(bpy), + DNA-polyaniline, a
185
Ru(bpy)," LB films, a
185
Ru(bpy),2*-zeoliteY, -viologen-zeolite Y , a
137
trans-[Ru(NH3)4(NO)nicotinamide]", IR, a
93
Photoreactions, H2 evolution, from Ru(l1) complex, a 184
Ru bipyridine, artificial photosynthesis
91
Photosynthesis, artificial, with Ru-Mn systems
91
185
Plating, Pt, on Nation, electrode, a
see also Electrodeposition
"Platinum 2001"
Ill
Platinum, Co/Pt/Ni/Pt multilayers, X-ray study, a
44
I1
colloidal clusters
elastic, high temperature mechanical properties
74
electrodes
93, 137, 138, 176, 185, 187
interaction with HI
131
nanoparticles
121, 137
Ni-CZIIO/CaZrnulno.lO,,/Pt
cell, in CH, sensor, a
140
Pd/Ge/TiiPt ohmic contacts, on GaAs, a
44
Pt clustedpolymer composites, preparation, a
41
Pt and SiOz doped Sn02,NH, sensor, a
138
Pt/Ta + Ru02/n"-polySiSi02/Si, contact system, a
44
Pt/W03 optical fibres, H2sensor, a
42
I38
Platinum Alloys, Au-Pt, nanoparticles, a
Au-Pt-Sn, phase diagram, AuPt2Sn4. PtzSn3,a
92
interaction with H2
131
microelectrodes, Pt-Ir, isocitrate sensor, a
93
NiPt, Ni3Pt, NiPt,, magnetic anisotropy, a
96
Pdxn-Pt20, H-induced phase separation
166
Pd-Pt, H solubility
I I4
Ptax/Iro2,superconducting tips, for STM, a
138
Pt-Ir, Pt-Rh, elastic, high temperature mechanical
properties
74
Pt-Pd, in amperometric glucose sensors, a
138
Platinum Complexes, cis-(C2H4)(1-ethyl-3-methyl4I
imidazol-2-ylidene)PtClz,crystal structure, a
[(COD)Pt(R)z],photoreactivity, a
137
KzPtCI4,+ polymer-supported dibenzo-18-crown-6, a 92
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Ruthenium Complexes, (cont.)
Platinum Complexes, (cont.)
Ru(1I) Schiff bases, antifungal activity, a
96
a 184
[Ptz(1,8-dpmn),(RNC)z]z, [P~,(I,~-~~~II)(RNC)~]’-,
Pt(Z-th~y)~,
photophysical properties, a
.
93
[Ru(NH,)n]”, for glucose sensor, a
185
Pt acetylacetonate, availability and uses
123
[Ru(Ph~phen)2DCbpy]”/polyrner,pH sensor, a
42
Ru(PPh,)2(dcbipy)CI,, as TiOz sensitiser, a
42
Pt azole-bridged complexes, cytotoxicity, a
44
41
[PtCI(NCN-OH)], SO2 switching, a
42
Ruthenium Compounds, CeRuzSi,, magnetism, a
C~S-[P~CI\P~ZSNH)(PM~~P~),][BF~],
preparation, a
41
poly(3,4-ethylenedioxythiophene)RuO, electrode, a
140
[Pt(en)L] *, L = bipy, phen, + phen, + phenanthrene, a I36
Pt/Ta + RuO,/n“-poIySiSiO,/Si. contact system, a
44
Pt(1l) bis(sulfonamides), a
I36
RuOz( I1 I,)/H*Ointerface, surface redox processes, a
137
RuO2, anisotropic etching, for DRAM, a
96
[Pt(Ph2SNH)4]CIz,H-bonding, crystal structure, a
41
in resistance thermometers, a
185
~ ~ ~ ~ S - [ P ~ ( P R , ) ~ H ( H-bonding,
FHF)],
a
41
RuO,/TiN/p-Si/Si, contact system, a
187
(TIPS-4-MPD)-, (TIPS-6-MPD)Pt(Me)CI,a
41
RuSr2GdCuzO~,
magnetism, a
I84
[(TIPS-4-MPD)-, [(TIPS-6-MPD)Pt(Me)(olefin)]BF4,a 41
I87
Platinum Compounds, carboplatin, decomposition, a
%(Til ,,Ru,)O,, by sputtering, a
96
44
Ta + RuOz/n”-polySiSiOl/Si, contact system, a
Pt aluminide, coatings
124
62
Platinum Group Metals, compounds, in medicine
high temperature mechanical properties
74
Screen Printing, double-print Pt, for electrodes, a
187
74
Selective Catalytic Reduction, NOx
31, 176
Poisson’s Ratio, Ir, Pt, Rh, Pt-Ir, Pt-Rh
Sensors, CH,, a
138, 140
Pollution Control, see Emission Control
91
164
Polymerisation, acid-catalysed, of furfuryl alcohol
CO, a
93, 138, 38;
catalytic, of cycloolefins
60
glucose, a
42,93, 174, 185
co-, alternate, norbomadienes+CO, norbornenes+CO, a 44
HI
of cycloolefins
60
hydrazine
183
in-situ, of methyl methacrylate
82
isocitrate, a
93
NH3, a
138
ROMP
60, 155
Ziegler-Natta, of cycloolefins
60
NO2, a
185
NOx
176
Polymers, fibres, as supports for homogeneous catalysts 1 I 2
O?, in exhaust gas
I76
Pd clustedpolymer composites, preparation, a
41
pH, a
42
Pd-polypyrrole composite thin films, a
42
“Ship-in-Bottle”, Rh carbonyls in faujasites, a
I36
44
polyketones, by alternate copolymerisation, a
Silicon, CeRu,Siz, magnetism, a
41
poly(MMA), star-shaped, synthesis
82
94
Pt silicide formation, on Pt nanoparticles/SiOl, a
Pt cluster/polymer composites, preparation, a
41
102
SO2, amorphous mesoporous, micelle ternplated
Ru carbenes/polystyrene-divinylbenzene
155
138
in Pt doped SnOz,NH, sensor, a
[R~(Ph~phen)~DCbpy]~’/poIymer,
pH scnsor, a
42
Single Crystals, Ir, Ir-0.3%W, Ir-3%Re-2%Ru
179
support for, dibenzo-l 8-crown-6,+K2PdC14,+K,PtCli, a 92
Sol-Gel, Rh/Si02, preparation, a
186
138
Propene, for reduction of NO, a
Solar Cells, Ru(PPh,)l(dcbipy)Cl2, as TiOz sensitiser, a
42
12 I
Redox, surface processes, Ru02(I I 1)/H20interface, a
137 Sonochemistry, synthesis, of Pd, Pt nanoparticles
Sonogashira
Couplings,
microwave-assisted
163
Reduction, asymmetric, of acetophenone
59
187
NO, by propene, a
138 Sputtering, %(Til ,,Ru,)O,, a
33
Reforming, CHI, naphthenes, parafins
I64
Stille Couplings, Me1 + TICS
22
PdClzdppf
Resistance Thermometers, RuO,-based, a
185
42
Resistivity, Rh, with C impurities, a
136 Sulfur Oxides, SOz, reaction with [PtCI(NCN-OH)], a
I38
Resistors, Ru02,a
185 Superconductivity, Ptoa/lru2tips, for STM, a
139
Suzuki Couplings, with ligandless Pd, a
Rhodium, colloidal clusters
II
1 84
74
[Os(CRHRBr)]!with arylboronic acids, a
elastic, high temperature mechanical properties
22
PdCI,dppf,
tnflates
with
arylboronic
acids
metallisation, on C fibre microelectrodes
183
Pd-pyridylimine/amorphousmesoporous silica
102
microelectrodes, Rh-C fibre
183
Pd-pyridylimine!miceIle ternplated silica
102
resistivity, with C impurities, a
136
thermomorphic conditions, a
43
Rh/SiOz, sol-gel preparation, a
I86
42
Rhodium Bicentenary Competition
59, 129 Switches, SOztriggered, [PtCI(NCN-OH)], a
41
Rhodium Alloys, Pd-Rh, D solubility, resistance, a
95
H-induced phase separation
166 Telomerisation, C-allylated phenol synthesis, a
Tetraazafulvalenes, amination, a
I86
H solubility
1 I4
Thiazepinones, synthesis
69
Pt-Rh, elastic, high temperature mechanical properties 74
185
Rhodium Complexes, Rh carbonyls, “ship-in-bottle”, a 136 Thin Films, Pd, opposing reagents CFD, a
Pd-polypyrrole composites, electrosynthesis, a
42
Rubber, nitrile-butadiene, hydrogenation, a
95
Sr(Ti,-,,Ru,)O,, by sputtering, on SrTiO,( IOO), a
187
Ruthenium, anisotropic etching, for DRAM, a
96
colloidal clusters
II
see also Films
50, 71, 164, 176
Three-Way Catalysts
RulTiNlp-SiiSi, contact system, a
I87
Tin, Au-Pt-Sn, phase diagram, AuPtzSn4. Pt2Sn1, a
92
Ru/p-lnP( 100) heterostructures, a
140
Titanium,
IMI
834,
Pt
aluminide
coating
124
Ruthenium AUoys, Ti-TiNi-TiRu, phase diagram
84
Ti-TiNi-TiRu, phase diagram
84
Ruthenium Complexes, in medicine
62
[C~*,RUCI~]~,
formation, a
92
Ultrasound, HCOOH oxidation, on Pt electrode, a
137
Cp*Ru(COD)CI, reaction with phenylacetylenes, a
184
cytochrome cl-viologen-Ru(I1) triad, a
I84
VOCs. emission control
123
luminescence, a
93, 137
Voltammetry, stripping, CH4 determination, a
138
2
molecular wires, tris(P-diketonato)Ru(III) units
photoproperties
91,93, 137, 184, 185
Wacker Reactions, in sc-CO,, ROH/sc-COz, a
43
Ru bipyridine, artificial photosynthesis
91
43
Ru carbenes
112, 155, 184 Water, for Hz generation, a
42
for H2 and 0, generation, a
Ru terpyridines, with dithiolenes, a
92
164
Ru(I1) ketoaminates, antibacterial agents, a
187 Water Gas Shift Reaction, Pt/CeOl, on monoliths
Ru(l1) phenanthrolines + aryldiazopentanedione, a
44
74
Young’s Modulus, Ir, Pt, Rh, Pt-Ir, Pt-Rh
Ru(l1) polypyridyls, pH sensor system, a
42
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