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poisonous gas. Union Chemical Labora-
TH E R Ic H Es O F rories and Novax Material & Technology,
voth of Taiwan, currently market such
GOLD CATALYS I s masks, and 3M plans to begin selling a simi-
.ar product soon.
Gold-based oxidation catalysts are also
Chemists are using this PRECIOUS METAL to rinding use in the purification of hydrogen
catalyze a treasure trove of reactions asforuse in fuel cells. Normally, the pro-
cess by which H, is produced from hydro-
RAYCHELLE BURKS, C&EN WASHINGTON carbon fuels leaves residual amounts of CO
T in H, gas streams. Because a hydrogen fuel
cell’sanode can be rendered useless by CO,
GOLD, ONCE CONSIDERED catalytically | Cardiff University, in Wales, who special- ! rzmoving CO from the H, is essential.
dead, is dazzling chemists with the rep- | izesingold catalysis. ' Oxidative removal of CO presents a
ertoire of reactions it can catalyze. From | Haruta’s catalysts of ultrafine gold par- | challenge, Goodman explains, as standard
simple oxidations to complex organic } ticles supported on metal oxides proved i platinum catalysts will oxidize both the CO
synthesis, gold has proven to be a powerful ‘r more active and stable than the supported ] and H, indiscriminately. For selectivity,
and multipurpose catalyst. Gold catalysts | manganese or copper catalyststhatwere | researchershave turned to gold. In experi-
already have made it out of the laband then routinely used for CO oxidation. “ ments designed to model a fuel cell as it
into commercial use in the air quality and “Haruta was the one who really discovered | might be used in an electric vehicle, Hutch-
alternative energy industries, and they are nanoparticle gold catalysis,” says D. Wayne | ings’ research team demonstrated that Au/
poised to make a splashin the finechemi- | Goodman, codirector of Texas A&M Uni- | Fe,O;catalytic systems can be used to selec-
cals market next. I versity’s Center for Catalysis & Sur- tively oxidize 99% of the CO in the presence
Gold catalysts come in two types: het- | face Chemistry. Haruta’s of H, (Chem. Commun. 2005, 3385). Cata-
erogeneous and homogeneous. Hetero- | work sparked lyst manufacturer Haldor Topsge and oth-
geneous gold catalysts exist in a different aca- ers have applied for patents on gold-based
phase from the reactants and products and oxidation catalysts for H, purification.
typically consist of tiny particles Catalytic converter manufactur-
ofgoldoragoldalloy e ers are turning to gold-based oxidation
attached to a solid sup- catalysts to combat diesel fuel emissions.
port. Homogeneous Earlier this year, catalyst maker Nanostcl-
gold catalysts, on the lar of Redwood City, Calif., introduced
other hand, are normally an Au-Pt-Pd oxidation catalyst for use in
monometallic complexes light- and heavy-duty diesel engines.
with organic ligands and exist Like pure platinum catalysts marketed
in the same phase as the reac- for cleaning up diesel emissions,
tants and products. Nanostellar’s gold alloy scrubs
Because they can catalyze valuable CO and hydrocarbons from
reactions such as carbon-carbon bond diesel emissions via oxida-
formation—and because their reactiv- tion. With gold currently
ity can be tuned simply by tweaking selling for roughly half the
the organic ligands that surround the cost of platinum, Pankaj
metal—homogeneous gold catalysts Dhingra, Nanostellar’s
have become increasingly power- chief executive officer,
ful tools for organic synthesis. But says that his company’s gold
their commercialization has lagged alloy catalyst will “improve
behind that of heterogeneous the cost equation for the die-
catalysts, which are already used sel industry,” which currently is
commercially to oxidize a variety faced with federal regulatory pressures
of substrates, including carbon to clean up emissions.
monoxide found in specialty gases and demic
car exhaust. research and indus- . GOLD CATALYSTS’ oxidative pow-
Chemist Masatake Haruta, now at Tokyo trial applications into supported ‘ ers soon may also find use in the fight
Metropolitan University, was the first to | nanosized gold particle catalysts for CO | against mercury emissions from coal-
use gold toremove trace CObyoxidizing | oxidation. i fired power plants. Last year, the U.S.
_ itto CO, (Chem. Lett. 1987, 16, 405). Such ] Such catalysts have found their way into ; Department of Energy awarded San
- gold-catalyzed CO oxidation “really caught | CO-removing safety masks designed for | Francisco-based engineering firm URS
= people’simagination because it’s a very . firefighters. The masks rely on nanosized $2.5 million to explore whether the firm’s
- easy reaction for everybody to do,” says | gold-supported catalysts to oxidize and supported gold catalyst could be used to
* Graham Hutchings, chemistry professorat | thus minimize the user’s exposure to this remove mercury from coal-fired power
WWW.CEN-CNLINE ORG 87 CETEMBER 24, 0007
Copyright 2007 Chemical & Engineering News Cision USA, Inc. ltemID: 6583078
All Rights Reserved. MedialD: 12912
Unlicensed Reproduction, Sale or Republication Prohibited. Page: 1of5



: > . . . ;itle: THE RICHES OF GOLD CATA...
cision| Media Monitoring Chemical & Engineering News oo Washingion DG
Print Circulation: 138433 Frequency:
Pub Number: 15A-220
"SCIENCE & TECHNOLOGY
plant emissions. The gold catalyst oxi- | orbetter than what is achieved with com- | asasolventin some semiconductor manu-
dizes any Hg(o) present; the oxidized | monly used palladium-supported cata- i facturing processes, a building block for
mercury is then captured and prevented | lysts. And last year, Hutchings showed cosmetics, and a cleaning agent for boilers
from escaping from the plant. © thata Au-Pd solid-supported catalyst can | and metallic surfaces. The process uses a
Researchers are also eager to harness ramp up alcohol oxidation turnover 25 proprietary supported Au-Pb catalyst to
the selectivity of hetero- S _ oxidize ethylene glycol to
geneous gold cgtalygts to PhO.S e methyl glycolate in meth-
make commerciallyim- ¢ \/< anol (Catal. Today 2006,
portant catalytic processes PhO, < 117, 210).
more environmentally ‘ [Au(PPh,)(CH,CN)]*SbF,~ Although heteroge-
friendly. Haruta points to neous gold catalysis
alcohol oxidationas akey A\ has attracted industrial
example of an important | Ph=phenyl / attention, full-scale in-
industrial reaction that GENERATING COMPLEXITY A phosphine-Au(l) complex catalyzes dustrial use has yet to
gold is poised to turn green. - - - emerge. “These things
) . an intramolecular cyclization reaction.
Haruta’s enthusiasm always take longer than
stems from recent re- T you might imagine,” says
ports of gold-catalyzed alcohol oxida- | times over previously reported values, Richard Holliday, head of industrial appli-
tion from two academic groups. Avelino giving the desired aldehyde productin cations at the World Gold Council, a trade
Corma, of Polytechnic University in 90% yield (Science 2006, 311, 362). association of the leading gold mining
Valencia, Spain, and coworkers used a One company that has begun using companies.
solid-supported Au-CeO, catalyst to heterogeneous gold-catalyzed alcohol There may be more potential industrial
selectively oxidize alcohols to aldehydes oxidation commercially is Japanese chemi- | applications of such catalysts in the future.
and ketones under O, at atmospheric | cal manufacturer Nippon Shokubal. The Researchers have begun to explore the util-
pressure (Angew. Chem. Int. Ed. 2005, company built a pilot plant that can pro- ity of heterogeneous gold catalysis in reac-
44, 4066). This reaction requires neither duce, ona monthly basis, tons of methyl tions beyond simple oxidations. For exam-
solvent nor base, and yields are equalto | glycolate, which, among other uscs, serves ple, Corma and colleagues used supported
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