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German researchers have used a
fluorescent tag to monitor the state of
acatalyst during achemical reaction.

Herbert Plenio and colleagues
from the Darmstadt University of
Technology tagged an N-heterocyclic
carbene ligand ina palladium
catalyst with a fluorescent dye. They
followed the catalyst’s progressina
Suzuki cross-coupling reaction using
fluorescence spectroscopy. The team
found that the fluorescence signal
changed at each stage of the reaction.
When the catalyst was activated by
abase, the signal decreased withina
few seconds. It then remained stable
until the substrate was added, then
decreased gradually until the end of
the reaction. The tag also allowed
Plenio to see any catalystimpurities
leftin the product.

‘Ourwork providesa highly
sensitive tool to monitor catalystsin
action in low concentrations,’ says
Plenio. ‘Little is known about the
nature of catalyst complexes involved
in catalytic transformations. By
definition, the amount of a catalyst
is small compared to the substrates
and, to make things worse, this often

actsas only areservoir for the even
smaller amount of active species that
isactually doing the work.’

Fluorescence has the high
sensitivity required to detect these
very small quantities, even with just
afew nanograms of palladium. ‘This
isanice application of fluorescence
thatallows adeeper insightinto
catalytic processes,’ says Jay Winkler,
an expert in the photochemistry of
transition metal complexes at the
California Institute of Technology,
Pasadena, US.

Plenio says he hopes thatin
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the future, he will have tags that

are sensitive enough to reveal the
concentration of the active species
in the catalytic cycle and the nature
of the metal complexes involved.
‘We still need to understand so
much more about fluorescence
dyes and the photophysics behind
them,” he says, ‘but I am optimistic —
Shimomura, Chalfie and Tsien’s 2008
Nobel Prize award for the discovery
and development of the green
fluorescent proteinis providing a
strong stimulus.’

Michael Spencelayh

Researchers in China have developed
aself-healing epoxy resin which can
be repaired by heating when cracks
form.

Epoxy resinisatough polymer
with many uses from glues to circuit
boards, aerospace engineering to
art restoration. Epoxy materials are
often used under harsh conditions
where long-term service and
durability are needed. So, it would
be ideal if damaged epoxy resin
could self-heal, a property recently
developed for other polymers.

Conventional epoxy resin is based
on epoxides to which an additive
(or curing agent) isadded to form
cross-linking between the chains
strengthening the polymer. However,
these cross-linked bonds are usually
irreversible meaning that if cracks
form, the bonds cannot be remade to
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repair the material.

Min Zhi Rong and co-workers
from Zhongshan University,
Guangzhou, China, have solved this
problem by making a new epoxy
material which contains both
epoxide and furan groups in the
same molecule. To thisthey add a
maleimide-based curing agent, as
well as the conventional anhydride
curingagent.

The anhydride forms irreversible
strong bonds with the epoxide groups

cksinepoxy r
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but the maleimide makes bonds with
the furan groups which are reversible
at110°C. So when cracks formin the
cured polymer, it is heated to 120°C to
break the reversible bonds and then
cooled to 80°C so the broken bonds
could reform.

Fred Wudl, a polymer expert
from University of California, Los
Angeles, US, says Rong’s work ‘isan
interesting step towards creating
remendable epoxy resins, following
on from previouswork in the field.’

Rong says that hisgroup is
currently working to make an epoxy
resin which will be able to self-heal at
lower temperatures.
Ruth Doherty

Reference
Q Tian et al, J. Mater. Chem., 2009, 1289
(DOI: 10.1039/b811938d)

©The Royal Society of Chemistry 2009



JUPITER IMAGES

Chemical Science

Scientists turn waste plastic into useful ultra-strong carbon spheres

New lease of life for used colabottles

Discarded plastic bottles can be
broken down to make ultra-strong
carbon spheres that could be used in
lubricants.

Vilas Pol from Bar-1lan
University, Ramat-Gan, Israel,
and colleagues produced strong
carbon microspheres from waste
polyethylene terephthalate (PET).
They heated used cola bottles
at 700 °Cfor three hoursina
closed reactor. The plastic then
decomposed under self-generated
pressure to form the hard carbon
spheres with diameters between
two and ten micrometres. ‘We broke
one diamond knife and damaged a
second while cutting a cross-section
of the spheres,’ says Pol.

‘The strength of these materials
isinteresting,” says Neil Coville,
coordinator of the Carbon Nanotubes
and Strong Composites group at the
University of the Witwatersrand,
Johannesburg, South Africa. ‘The
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results are impressive and suggest
others should be measuring this
property in the future.’

‘The process is particularly
interesting,’ says Philippe Serp, an
expert in carbon nanostructures at
the National Center for Scientific
Research, Toulouse, France, ‘as

itdoes not use any catalyst.” Pol’s
scalable process also does not require
solvents and improves on existing
methods that can be limited by low
yields and poor separation of the
spheres from carbon soot.

Carbon spheresare used in
energy storage and nanodevices.
Pol’s microspheres can withstand
significant pressure, so they could
be used in lubricants. Lowering the
reaction temperature to below
700 °C gives larger carbon particles
that could be used in printers, toners
and filtration technology.

‘The challenge facing today’s
scientific community to find an
innovative solution to the degradation
of waste polymers motivated us,’
explains Pol’s colleague Aharon
Gedanken. ‘Our process demonstrates
away to remediate waste PET
polymer to fabricate value-added
products.’

Kathryn Wills

Life’s building blocks may have travelled to Earth on interstellar silica dust

DidspaceduststartlifeonEarth?

Amino acids could have found their
way from deep space to start life on
Earth, say scientists in Italy.

Piero Ugliengo and Albert Rimola
fromthe University of Turin used
quantum mechanics to show
thatamino acids synthesised in
deep space molecular clouds can
be captured by interstellar dust
particles. Ugliengo says that the
particles could have travelled to
Earth, where the amino acids were
released into the ‘primordial soup’
ready for the synthesis of early
proteins.

Ugliengo and Rimola simulated
the reaction between the amino
acid glycine and interstellar silica
dust. Their calculations show that
glycine can bond to defects on the
silica particles’ surface —defects that
could have been caused by extreme
heat given off by young stars. They
tested the particles’ stability by
simulating conditions in space, such
ascosmic raysand UV radiation.
They also showed that hydrolysis
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Amino acids may have
been captured by silica
particles in deep space
andreleasedinthe
primordial ocean

of the particles, which would have
happened when the dust landed in
the ocean, released the glycine to
become part of the primordial soup.
Ugliengo says that he hopes that
experimental evidence will match
their findings. ‘The key role of the
mineral surfaces asacatalyst in
the prebioticeraisavery broad
and promising one,” he says. ‘We
need to merge accurate quantum-

mechanical modelling studies with
carefully designed experimental
measurements if any real progress in
thisexciting field is to be seen.’
‘Thiswork not only helps us
understand the survival of amino
acids formed in the harsh conditions
of the interstellar medium, but it
also suggests that some of these
compounds may have arrived intact
to the primitive Earth,’ says Antonio
Lazcano, aleading scientistin the
origin of life and prebiotic chemistry
fields, National Autonomous
University of Mexico, Mexico City.
‘The primitive soup was likely
formed by chemical reactions that
took place on the Earth but it was
clearly spiced by extraterrestrial
compounds arriving on board
micrometeorites. The richer the
broth, the tastier it becomes!’
Sarah Dixon
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