ptical tweezers were invented by US

physicists in the 1980s who dis-
covered that a tightly focused laser beam
could be used to trap microscopic objects,
from 0.1 micrometres to tens of micro-
metres in size. Being able to grasp, move
and rotate tiny objects without physically
touching them has many applications for
handling delicate biological structures
such as living cells and their components,
and has obvious implications for nano-
technology.

But the dexterity with which objects can
be held depends ultimately on the wave-
length of the laser light which is still not
much shorter than a micrometre. Much
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The seven partners involved in the project bring a wealth of expertise
in laser optics, electronics, microbiology, microfluidics and microfabrication© VIB

way to trap more than one object at a time
was to switch the beam rapidly between
multiple sites, a feat that has been likened
to a circus performer spinning plates on
poles. More recently, diffractive optics
have been used to make multiple, though
static, traps. The team’s aim is to improve
commercial devices known as spatial light
modulators (SLMs) in the hope of being
able to rapidly mould the shape of the
laser beam to create multiple traps of any
desired form at any time.

Optically bound matter

They will also look at

The third major area of study concerns
microfluidics, the technology of manipu-
lating fluids on the nanometre scale — a
kind of plumbing complete with valves,
pumps, mixers and other devices. It has
particular application in biomedical test-
ing. A team led by Hungary’s Biological
Research Centre will build on the results
from other parts of ATOM3D, to use optical
tweezers to fabricate, assemble, operate
and power microfluidic devices. An early
application will be a microscopic ‘labon a
chip’ which can study the growth of
individual cells by optically moving them
between different environments.

exploiting the well-
known phenomenon of
Brownian motion (the
random jiggling of
particles by molecules
of the supporting
medium) to move
objects from one place

New optical tweezers
could be able to
handle and move
particles as small as
molecules.

Each work package will
itself be multidiscip-
linary, drawing on the
expertise of several
partners. The project
will finish with a public
workshop to which
other stakeholders in

to another and also to

sort objects of different characteristics.
Even more ambitiously, the team will inves-
tigate ‘optically bound matter’, artificial
crystals of particles held together by light
rather than the normal molecular forces.

molecular trapping will
be invited. Members of the consortium
will also take part in workshops organ-
ised by complementary EU projects.
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Antibody fragment producing lactobacilli binding to beads covered
with the appropriate antigen ... an adhesin from Streptococcus mutans.

In the event of a bioterrorist COU nterl ng b|0terror|8m
with passive iImmunisation

attack, exposed populations
would be completely unpro-
tected because there are no
products available for rapid
vaccination. The BIODEFENCE
project aims to engineer
bacteria ‘generally regarded
as safe’ to produce toxin-
neutralising antibodies in the
intestinal mucosa. Adminis-
tered via food or drinking
water, the bacteria should con-
fer quick protection. Although
developed to counter weapons
of bioterrorism (anthrax and
botulism), the approach could

be applied much more widely.

he recent anthrax scare in the USA has
Tenhanced public concern about
bioterrorism, highlighting the absence of
quick, effective ways to protect exposed
populations. Antibiotics act only against
sensitive bacteria (as opposed to viruses
or bacterial toxins), and for many
pathogens there exists no safe, effective
vaccine licensed for public use. When a
vaccine is available, multiple doses are
required to build up, over months, a suf-
ficient level of immunity. Selected at-risk
groups (e.g. soldiers) can be vaccinated
preventively, but conventional vaccination
isinadequate for quick protection of large
populations in an emergency.

Conventional vaccines rely on ‘active’
immunisation, i.e. the use of an antigen to
stimulate antibody production by the
vaccinated subject. Another approach,
sometimes used in emergency situations,
is ‘passive’ immunisation: administration
of ready-made antibodies. But this is a
costly solution, requiring mass produc-
tion and purification of antibodies under
strict quality control, and the treatment
must continue as long as high antibody
levels are to be maintained.

BIODEFENCE is a three-year project based
on an idea that may revolutionise passive
immunisation: engineering bacteria
‘generally regarded as safe’ (GRAS) to
produce toxin-neutralising antibodies at
the site where they are needed. The project
focuses on bacteria that naturally colonise
the human intestinal mucosa and on the
toxins of two mucosal pathogens: the
agents of anthrax and botulism. The
protective GRAS bacteria could be
mass-produced at low cost and added to
food or drinking water. Hopefully they
would persist in the mucosa and confer
protection over an extended period.

Proof of concept

The expertise of the five BIODEFENCE
partners (based in Sweden, Estonia, Spain,
the Netherlands, and the USA) spans a
wide range of life-science disciplines and
molecular techniques. A prime objective
will be to achieve proof of concept. This
will be done with a laboratory strain of
lactobacillus, genetically modified to pro-
duce antibodies targeting the botulism
toxins or a component of the anthrax toxin
(a plasmid-based expression system is
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already available). An animal model will be
used to test the ability of these modified
bacteria to confer protection against
anthrax or botulism.

In parallel, partners will develop and
optimise the approach for use in humans.
One task is to select strains of human
gastrointestinal lactobacilli that persist
in the human digestive tract, are suitable
for genetic manipulation, and readily
colonise the intestinal mucosa (to be
demonstrated on human volunteers).
Another important task is to develop a
food-grade gene expression system
offering all necessary safety guarantees.
This notably means

Beyond bioterrorism

If this project is successful, its societal
impact could be great. Antibody-produc-
ing mucosa-colonising bacteria might be
used against a wide variety of diseases,
within or beyond the context of bioter-
rorism. A good target, for instance, might
be rotavirus, which kills nearly a million
people (mostly children in developing
countries) each year. Administered anti-
rotavirus antibodies, on the one hand,
and selected lactobacillus strains, on the
other, are known to confer some protec-
tion. Might antibody-producing lactobacilli
work even better?

ensuring that marker
genes conferring
antibiotic resistance
are eliminated from
the expression con-
structs and that the
antibody genes remain
confined within the
GRAS bacteria. Once
this work is done,
an animal model
will be used to test
expression of the

Antibody-producing,
mucosa-colonising
bacteria might be
used against a wide
variety of diseases,
either within or be-
yond the context of
bioterrorism.

This innovative approach
might extend to
pathogens affecting the
mucosae of the lungs,
mouth, or stomach. If
suitable vagina-colonis-
ing GRAS bacteria are
isolated, it might also
apply to sexually trans-
mitted diseases (even
HIV). In both developed
and developing coun-
tries, it could provide a

antibody-encoding
genes, expression-construct stability,
and protection.

cost-effective way to
address major public health problems ona
large scale.
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The project objective is to develop a one-step process, applicable on a large
scale, for immobilising biomolecules on surfaces of practically any kind.

Blocoatinge surfaces with

Biological molecules display

remarkable functions that
developers of new materials
are eager to harness. A Euro-
pean consortium is exploring
an original approach to
coating the surface of almost
any material with active
biomolecules. The idea is to
use cold atmospheric-pres-
sure plasmas to deposit the
biomolecules together with a
thin polymer coating. Potential
applications are wide-rang-
ing, and the partners hope to
obtain biocoatings optimised
for specific uses within the

next three years.

atmospheric plasmas

lasmas are ionised gases that conduct
Pelectricity, like the matter present in
the electric arc of a welder’s torch or inside
a neon light. One well-established coating
technology involves exposing a surface
to a plasma to which monomers (polymer
building blocks) have been added. The
plasma induces formation of a polymer
coating on the treated surface. BIO-
PLASMA is a NEST project aiming to take
this approach into new territory.

The project objective is to develop a one-
step process, applicable on a large scale,
forimmobilising biomolecules on surfaces
of practically any kind. The idea is to add
both monomers and biomolecules to a
plasma so as to incorporate functional
biomolecules into a thin polymer coating.

The low-pressure plasmas frequently
employed in plasma polymerisation
cannot be used here because they damage
biomolecules. Instead, the BIOPLASMA
partners will use cold (0-60°C), ambient-
pressure plasma processing, a compara-
tively new technology offering milder
surface-treatment conditions. Additional
advantages include lower process costs,
the ability to work in-line, and compati-

bility with practically any substrate.
This innovative approach to surface
bioengineering presents a major chal-
lenge: little is known about how such
plasmas affect the structure and activity of
biomolecules.

Feasibility and optimisation

The BIOPLASMA consortium counts four
partners in four countries (Belgium,
France, Germany, and Italy). Their aim is to
establish the feasibility of the envisaged
technology by producing active functional
biocoatings. In doing so, they will strive to
optimise the process and to determine its
potential limitations. For this, they can
count on a vast pool of expertise, ranging
from atmospheric plasma technology and
polymer science to molecular biology,
bacteriology, enzymology, bio-catalysis,
proteomics, and biophysics.

The project will require a prototype reactor
to be built, and will involve both small-
scale laboratory work and the use of large
European-scale facilities. In parallel with
extensive work devoted to optimising
plasma conditions for polymerisation and
biomolecule incorporation, research will
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If successful, the project should lead to spectacular inroads in the field of bio-mimetic surgical implants.

focus on producing the biomolecules to
be tested: enzymes of pathways leading
to biotechnologically relevant products.
Of particular interest will be enzymes from
thermophilic (‘heat-loving’) organisms,
expected to show higher stability under
non-optimal conditions. If necessary,
enzymes will be overproduced in recom-
binant bacteria.

At first, plasma processing and protein
processing will be optimised separately.

If successful, the project should lead
to applications in sectors as diverse as
chemicals, medicine, environmental
monitoring, food, high-tech materials. It
might be possible, for instance, to create
a ‘lab-on-a-chip’ bearing all the enzymes
participating in a biosynthetic pathway.
In addition to applications in bio-catalysis,
plasma-polymerised biosurfaces might
find their way into antimicrobial pack-
aging materials, bio-mimetic surgical
implants, scaffolds for growing functional

Then, after a mid-term
feasibility assessment,
these two aspects
should be integrated.
In the last year of the
project, promising
biocoatings will be
optimised for specific
applications.

Prospects pathway.

It might be possible,
for instance, to cre-
ate a ‘lab-on-a-chip’
bearing all
enzymes participat-
ing in a biosynthetic

tissues, surfaces for
directing mineralisation
or controlled drug
release, biosensors for
pollutant detection,
the diag‘nosis,‘.or thicit\{
testing, ‘intelligent
textiles transmitting
biological signals to a
processor, etc. And
groundbreaking tech-

Existing methods for immobilising
biomolecules on surfaces have drawbacks.
Simple adsorption is quick and cheap,
but the biomolecules are not stably
immobilised. Other techniques require
expensive substrates (e.g. gold) or linkers.
Most involve a succession of steps, and
this makes scaling-up difficult. The new
technology developed in BIOPLASMA
should avoid such problems.

nologies like this also
tend to spawn innovative applications that
were not imaginable at the outset.
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Electron microscopes can
study materials in unrivalled
detail but, unlike competing
x-ray methods, they cannot map
magnetic fields. CHIRALTEM
sets out to confirm a surprise
discovery that an ordinary
transmission electron micro-
scope can be adapted to sense
magnetic fields in a specimen.
If successful, the project could
open the way to mapping the
magnetic structure of surfaces
and thin layers at nanometre
scales and could have an
impact in nanotechnology,
especially in the new field of

‘spintronics’.

Equipped with EMCD, a TEM could study the crystallography, morphology, chemistry and magnetic

properties of a sample in one session® US Department of Energy Genomics: GTL Program

Magnetic microscope
puts electrons in a spin

multidisciplinary team from four

countries is setting out to demonstrate
a new technique for studying the detailed
magnetic structure of materials. Since the
1930s, physicists have used the trans-
mission electron microscope (TEM) to
make much finer images of surfaces than
is possible with light or even x-rays.
Individual atoms can now be discerned
as a matter of routine. But while the TEM
has been developed into an extremely
versatile tool, there are still some things
that it cannot do.

One of these is to map the magnetic fields
in a specimen. In this case, physicists use
a different technique (known as XMCD)
in which a polarised beam of x-rays is
directed at the specimen and absorbed
differently according to the direction of
the magnetic field —a phenomenon known
as dichroism. But the resolution is not as
fine as a TEM and the source of x-rays—a
synchrotron accelerator —is a large, rare
and expensive piece of apparatus.

In principle, a TEM could sense magnetic
fields if a polarised beam of electrons
were available: that is, a beam in which all
the electrons spin in the same direction.

As this is not yet feasible, physicists
assumed that a TEM could not be used
to study the magnetic structure of a
specimen.

Surprise discovery

Then, in 2003, Peter Schattschneider and
Cécile Hébert at the Technical University of
Vienna — now the CHIRALTEM project
coordinators — discovered to everyone’s
surprise that dichroic effects should be
observable in a TEM with an ordinary,
unpolarised electron beam. The object of
CHIRALTEM is to demonstrate this new
effect experimentally — they call it EMCD
- and find out how it could be used for
investigating materials.

The first step, for the Vienna group, is
to confirm that the dichroic effects can
actually be seen and observed with a TEM
using well-known magnetic materials. At
the same time, Josef Zweck’s group in
Regensburg will investigate how to
prepare specimens and control the
magnetic field in the microscope, while
Pavel Novak’s team in Prague will develop
computer simulations to support the
experimental work. A group led by Hannes
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The project opens the way to the study of biological magnetic materials,
such as those which give rise to the magnetic ‘compass' sense in pigeons.

Lichte in Dresden will then find the opti-
mum conditions for using the technique.

Finally, Elvio Carlino and his colleagues
in Trieste will compare ECDM with the
longer established XCMD to find out how
the two approaches can complement each
other. They also intend to promote contact
between electron microscopists and
synchrotron users, two disciplines which
have historically had little to do with each
other.

As well as reporting their findings at inter-
national conferences and in scientific jour-
nals, the project team

of a sample in one session. As far as the
team is aware, no other research of this
nature is being done anywhere in the
world, though groups in the US are likely
to start on it sooner or later.

If the project is successful —and success
is by no means assured —it could lead to
awhole new field of study. It will certainly
have applications in nanotechnology and
especially in the new field of spintronics
—atechnology that makes use of the mag-
netic field of electrons as well as their
electric charge. It also opens the way to the
study of biological magnetic materials,

such asin those in cer-

will hold a workshop
for users and manu-
facturers of TEMs, and
later a joint interdiscip-
linary workshop with
XCMD users to explore
further collaboration.

First in the world?

EMCD is expected to
be able to discern
magnetic structures
ten times smaller
than the best current
x-ray techniques. nique.

tain bacteria or which
give rise to the mag-
netic ‘compass’ sense
in pigeons. European
industry could benefit
from developing equip-
ment for the new tech-

EMCD is expected to be able to discern
magnetic structures ten times smaller
than the best current x-ray techniques.
Where XCMD scans surfaces, a TEM probes
volumes up to 100 nanometres thick, so
EMCD is ideal for the study of thin mag-
netic films. Equipped with EMCD, a TEM
could study the crystallography, morph-
ology, chemistry and magnetic properties

The partners aim for a
scientific proof of principle. The purpose
is to establish an enabling technology.
Exploration of applications of EMCD them-
selves, as that would require a much larger
consortium, is left to a future project.
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In recent years, the increasing maturity of sophisticated laser
technologies has recommended them for trace-gas detection.

A breath of hope from
molecular fingerprints

Diagnosis of many medical

conditions may be possible

through breath testing, but
technological and scientific
barriers are slowing progress
towards this goal. OPTICAL
NOSE intends to tackle them
head-on through two comple-
mentary strands of investiga-
tion —one into advanced mid-
infrared fibre-laser sources
and sensitive spectroscopic
detection methods, the other
into the relationship between
breath composition and the
progression of colorectal can-
cer and chronic obstructive

pulmonary disease.

itrogen, oxygen and carbon dioxide

together make up virtually all of the
airin any breath exhaled by a human. The
remainder is a complex mixture of many
gases. Researchers have already identi-
fied traces of more than 3 ooo volatile
organic compounds (VOCs) in human
breath. Trace-gas composition cantell us a
great deal about the particular human who
exhaled the breath. However, the connec-
tions between specific trace gases and their
causes in the body remain unclear, and few
breath tests have been devised to exploit
the diagnostic potential of the breath.

The OPTICAL NOSE team has set itself the
task of tackling head-on the two main
obstacles holding back progress. Their
practical objective is to exploit new
fibre-laser technology to create a fast,
sensitive and versatile trace-gas analyser
for early detection of selected diseases.
The consortium unites the expertise of
four research centres and one company,
which together cover the broad field of
theoretical and applied modern optics,
with the expertise of two medical research
centres working on the study of colorectal
cancer and chronic obstructive pulmonary
disease.

Laser spectroscopy matures

First among the obstacles is the catalogue
of limitations of established diagnostic
detection technologies. Gas chromatog-
raphy (GO is typical. It is expensive and
insufficiently sensitive for ready quantifi-
cation of the ultra-low concentrations of
VOCs in the human breath. Therefore,
accumulation is needed which results in
delays of hours before analysis results
are ready. It is also slow and it can analyse
only one gas species at a time.

In recent years, the increasing maturity
of sophisticated laser technologies has
recommended them for trace-gas
detection. The consortium hopes to
realise a step change in their versatility,
to measure all trace-gas species present
in complex gas mixtures in a single
operation. Their apparatus will need to
measure light absorption by the gas
mixture at tens of thousands of discrete
wavelengths per second. Another big
challenge is the wavelength range, which
must cover the molecular fingerprint
region, stretching from 2.5 to 10 microns.
Between these limits, most important
gas molecules possess dense series of



OPTICAL NOSE
NEST ADVETURE

AT AGLANCE

Official title

The OPTICAL NOSE: An on-line, non-invasive
and total-profiling instrument for trace gas
sensing applications in medical sciences

Coordinator

The Netherlands: Department of Molecular
and Laser Physics Faculty of Science,
Mathematics and Informatics, Stichting
Katholieke Universiteit Nijmegen

Partners

e The Netherlands: Universiteit Twente

® The Netherlands: University Medical
Center Utrecht

e United Kingdom: SIFAM Fibre Optics
Limited

® Germany: Laser Zentrum Hannover e.V.

e [taly: European Laboratory For Non Linear
Spectroscopy

Further information

Dr Frans | M Harren

Department of Molecular and Laser Physics,
Faculty of Science, Mathematics and
Informatics,

Stichting Katholieke Universiteit Nijmegen,
Nijmegen, The Netherlands

Fax +31 (0)24 365 3311

E-mail: fransh@sci.kun.nl

Duration
36 months

Project Cost

€ 2234820

EU Funding

€1850 140

Project reference
Contract No 2504 (NEST)

Web: http://www.cordis.lu/nest

© European Commission, 2004

The Commission accepts no responsibility or liability whatso-
ever with regard to the information presented in this document.

The breath may be the key to convenient and early diagnosis of many medical conditions.

strong absorption lines which reveal
their chemical composition.

To achieve these aims, they will investigate
optical parametric oscillators (OPO) -
lasers based on non-linear optics — for
generating microsecond pulses of rapidly
tuneable wavelengths in the mid-infrared
region. An OPO of this kind operating at
around 3 microns has already been
reported. The partners hope to improve on
its kind by experimenting with tuneable
ytterbium-, erbium- and thulium-doped
silica-fibre lasers to pump the OPO. In
this way, they expect to increase the duty
cycle to an acceptable

progression with state-of-the-art clinical
techniques, and breath samples with the
best extant trace-gas analysis techniques.

Results from these studies are essential if
the final configuration of the laser-spec-
troscopy apparatus is to be validated, and
then optimised, for breath-test detection
of CRCand COPD. They may also serve to
accelerate the search for VOC signatures
more discriminating and reliable than
those beginning to emerge in the medical
literature.

Screening by breath

level and, in particu-
lar, to enable the sig-
nal laser to be tuned
rapidly across the
whole molecular fin-
gerprint region.

New medical data

Breath tests could, in
time, become as ordin-
ary and versatile in
medical screening as
blood tests are today.

If the team demon-
strates a practicable
optical nose, it is not
too fanciful to suppose
that breath tests could,
in time, become as
ordinary and versatile
in medical screening as

The second obstacle is

the scant nature of our knowledge of the
relationship between the breath trace-
gas composition and its causes. The two
medical-research partners are to collect
data relating the progression in patients
of colorectal cancer (CRC) and chronic
obstructive pulmonary disease (COPD) to
the composition of breath samples taken
from them. They will measure disease

blood tests are today.
But it would be a
mistake to think that this exhausts the
possibilities. Applications in numerous
fields are easy to imagine — from measur-
ing the effect foodstuffs have on the body,
and monitoring industrial chemical plants,
to improving security in public places
through detection of explosives and drugs.
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The first tests in the INA project will relate to the surface
structure of glass, its composition and production methods.

Using advances in nanotechnol-
ogy, a European research team
proposes to improve on an imag-
ing technique they pioneered. A
microscope will be built, suit-
able for surface studies down to
20 nm, and will be tested to
study the topography of glass.
Although the experiments are
primarily for scientific interest, if
successful they will prove very
useful to industry. The instru-
ment is likely to have a tremen-
dous impact on science since it
will open novel opportunities for
study —such as fragile biological
probes or metastable materials
—since samples will not require
pre-treatment and will remain

undamaged during analysis.

Atom optics for
non-destructive nanoscale
surface microscopy

he team of engineers and scientists

working on the ‘imaging with neutral
atoms’ (INA) project proposes to develop
a scanning helium-atom microscope which
will make non-destructive and non-inva-
sive surface investigations at the
nanoscale a possibility. Their first tests
will be to relate the surface structure of
glass to its composition and production
methods. But if they are successful, their
microscope will help researchers work-
ing with a wide range of materials.

Atom-optics improvements

In the scanning helium-atom microscope
the beam, composed of low-energy
uncharged helium atoms, is brought to
a focus on the sample by an atom optical
element. In previous experiments, signal
intensity was limited by the focusing
technique, which used transmission
lenses. The same limits will not apply
in the new microscope, in which silicon-
wafer atom-focusing mirrors will be used.
The larger apertures these permit will
allow greater signal intensity and, thus,

make scanning helium microscopy pos-
sible for the first time.

The ideal mirror

The first atom-focusing mirrors were
pioneered by two INA partners and
basically consist of a chemically-prepared
silicon wafer sandwiched between two
alumina discs and suspended above an
electrode structure. Applying an electric
potential between the wafer and the
electrode controls the deflection of the
mirror into an aperture on one of the discs.

The production of the mirror surface for the
current project will be challenging, as the
partners will have to develop the neces-
sary technology themselves. But it will be
important too. The team includes pioneers
in the field of scanning atom microscopy
as well as experts in the preparation of
ultra-thin wafers and optical equipment.
To achieve the resolution they are aiming
for, namely 20 nm, they plan to make vari-
ous improvements to the mirror at both the
macroscopic and atomic levels. These
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With its increased resolution, it is expected that the scanning helium-atom microscope will
have applications in the study of fragile biological samples, for example.

include reducing the error in the angle at
which the crystals are cut, thereby
minimising their warp; improving polishing
techniques to ensure uniform crystal
thinness; increasing the reflectivity of
the mirror; and optimising the electrode
structure.

Glass-surface topography

To test the equipment, once it is oper-
ational at the nanoscale

raphy and the chemical composition of
the glass surface. These tests of the micro-
scope on glass will, nonetheless, prove
usefulin themselves, in the preparation of
glass formulations, where such a method
is currently unavailable.

Microscope applications
With its increased resolution, it is

expected that the scanning helium-atom
microscope will have

level, the researchers

applications both in sci-
entific research and

plan to study the sur-
faces of different types
of melt glass to iden-
tify a characteristic
‘signature’ for each
type of glass. Glass
surfaces look very
similar when coming
out of the melt, and
atomic-force micro-
scopy, which is also
used to study glass
surfaces, only reveals
small differences in
topography over a
wide range. However,

By increasing the
resolution to allow
observation at the
nano-scale, it is
expected that the
scanning helium-
atom microscope will
have widespread
applications in both
research and indus-

try.

industry. For example,
it would be useful in the
study of fragile bio-
logical samples, in com-
panies involved in sur-
face coating and for
quality control in the
semiconductor indus-
try. As it has the poten-
tial to appeal to a wide
market, the team antici-
pates that the micro-
scope will eventually be
manufactured.

it is expected that the scanning helium-
atom microscope used in the diffraction
mode will be sensitive to both the topog-
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Could the greenhouse gas, carbon dioxide, be used as a raw material
in the production of fuels and other useful hydrocarbons?

Electrocatalysing a sworc

In the presence of an electro-

catalyst, carbon dioxide can
be reduced to useful hydro-
carbons. The reaction can take
place at room temperature and
atmospheric pressure but itis
not productive and exploit-
ation is further hampered by
rapid deactivation of the cata-
lyst. A consortium of research
organisations will explore this
reaction and hopes, thereby, to
lay the foundations for the
advancement of knowledge in
the neglected but promising
field of electrocatalysed gas-

phase reactions.

Into a ploughshare

he ELCAT project was born of an obser-
Tvation made by the coordinating partner
of an electrocatalytic reaction carried out at
room temperature and atmospheric pres-
sure. With carbon dioxide confined inside
carbon micropores, and electrons and protons
allowed to flow to an active catalyst —noble-
metal nanoclusters — gaseous carbon dioxide
was reduced to a series of hydrocarbons and
alcohols. The reaction products were remark-
ably similar, in fact, to those of the Fischer-
Tropsch (FT) process in which synthetic gas
is converted to a series of hydrocarbons
(alkanes, alkenes and so on) and water.

The FT process requires high temperatures
and pressures and gets its carbon from the
carbon monoxide, not dioxide, in synthetic
gas. The focus of a lot of interest as a poten-
tial source of fuels and raw materials, it is
already used in some countries to produce
a substitute for diesel. One of its drawbacks
is the difficulty of controlling the distribution
of its products — which hydrocarbons are
produced and in what proportions.

A process yielding FT-like products in useful
quantities from a reaction not requiring high
temperatures and pressures would be highly
prized. If it could reduce carbon dioxide, an

abundant greenhouse gas, instead of carbon
monoxide, it would have outstanding poten-
tial. But the electrocatalytic reaction as it
stands cannot do these things; not yet, at
least. Two difficulties prevent it and the
ELCAT consortium’s mission boils down
essentially to reversing them: the catalyst is
quickly deactivated and the reaction’s pro-
ductivity is poor.

Twin experimental configurations

Scarcely any research has been reported in
the scientific literature on gas-phase elec-
trocatalysis, so the consortium is aware
that completely disposing of these diffi-
culties inside three years may prove elusive.
Even if it does, a secondary goal should
lead to valuable information on the feasi-
bility of controlling product distribution.
Another should add to what is currently
known about the advantages of confining
metal nanoparticular catalysts in carbon
nanotubes.

The team will work with two experimental
configurations. Built around a proton con-
duction membrane in which protons are
generated by catalytic oxidation of hydro-
gen on the opposite side from the carbon
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Generating hydrogen from water in a single step is one possible
long-term outcome of the research led by the ELCAT project.

dioxide, the first will be operated at
temperatures of 50-150°C for good reaction
productivity. The second configuration will be
similar but have an oxygen-anion-conducting
membrane instead. Catalysing the reaction
in both configurations, metal nanoparticles
stabilised within carbon nanotubes are
expected to generate very high local pres-
sures inside the nanotubes. This, the part-
ners believe, is probably an essential ingre-
dient in the production of the FT-like products
already observed.

The partners, though only four in number,
bring diverse but complementary expertise
to the project. One takes on the task of syn-
thesising and characterising the nanotubes;
another, that of analysing and characterising
the underlying reaction mechanism; and the
remaining two, those of

The longer-term outcomes, though naturally
difficult to gauge with any confidence, could
be considerable in several technological
areas. Similarities between the first config-
uration and proton-exchange-membrane
(PEM) fuel cells suggest the possibility of
knock-on improvements in the electrodes
of PEM fuel cells. Moreover, if knowledge
gained from the second configuration turns
out to be transferable to the related solid-
oxide fuel cell, the result might be capable,
further down the line, of generating hydro-
gen from water in a single step.

Longer-term promise, then, is clearly not
restricted to the obvious potential for con-
verting carbon dioxide, a greenhouse gas,
into useful fuels and raw materials on a large
scale, though this alone would be an
extremely handsome

testing the reaction in
one configuration each.

Because ELCAT is em-
barking upon explora-
tory research in a field
that, until now, has
barely been noticed,
any successes the team

Mmous.

If carbon dioxide can
be converted into
useful fuels at a low
temperature, the pos-
sibilities are enor-

reward. Also more niche
applications can be con-
sidered: Mars atmos-
phere is mostly com-
posed from CO2 and one
of the limitations for the
exploration of Mars by
humans is the necessity
of producing on-site the

enjoys have the poten-

tial to entice further researchers to join them
and open it up further. Indeed, the partners
have deliberately kept the consortium small
in size and tight-knit, the better to build a
base of knowledge quickly.

fuel necessary for the
back flight. Knowledge generated within
ELCAT project may be used to develop novel
devices which can use solar energy, CO2
and H20 to produce fuels.
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Electrochemically active
biofilms, which can achieve a
direct electrochemical connec-
tion when they form on a con-
ductive material, may be the
basis of a new power source.
Biofilms of micro-organisms
form naturally on solid surfaces.
Until now, they have been seen
as harmful, either to human
health, or to industrial prod-
ucts. But recent research sug-
gests they have properties
which can be used to catalyse
or control electrochemical reac-
tions, and could lead to a wide
range of new products and

processes over the next decade.

Biofilms are associated with many industrial corrosion phenomena.

Sparks from bacteria
can power the future

ecent research has identified the phe-
R nomenon of electrochemically active
biofilms (EABs). So far, however, these
results have come mainly through chance.
And while they promise wide-ranging new
applications in fields such as bio-energy,
bio-remediation, chemical/biological syn-
thesis, bio-corrosion mitigation and bio-
sensors, the science is still at an early
stage. Pursuing this research will allow
scientists to increase their understand-
ing of biofilms, which form naturally on a
wide range of surfaces.

A multidisciplinary team of researchers
from France, Italy, Germany, Belgium and
Portugal, has set out, in an EU-funded
project, to test a wide range of micro-
organisms and identify those which are
electrochemically active. Rather than grow-
ing new genetically engineered micro-
organisms, as other research teams are
doing, this team will take advantage of
natural biodiversity and test existing
microbial fauna.

Over a period of two years, they will
screen a range of media, such as aerobic
and anaerobic sea waters. Their aim is to
identify the micro-organisms which form

EABs through observing their behaviour
on different electrodes.

Do it yourself

The challenge then moves on to growing
these EABs under laboratory conditions,
trying to recreate the properties exhib-
ited in their natural state. The ability to do
this reliably is, of course, the first step in
developing industrial applications for
EABs. In the laboratory, the team will also
attempt to optimise the performance of
the biofilms.

Laboratory work will be devoted to increas-
ing understanding of the mechanisms of
EAB formation. For example, why only
specific organisms appear to be electrically
active, the media and conditions in which
they are electrically active, and the process
in which EABs form.

Expanding knowledge

The team brings together a strong range
of expertise in electrochemistry, materials
and chemical engineering and microbiol-
ogy. They aim to build a large, consistent and
extensive database of a range of EABs. This



