


Oil-repelling surface could prevent leaks from oil pipelines

Nanowire forests repel liquids 

Light-driven molecular motors 
that rotate perpendicular to a 
surface can control the surface’s 
properties, say scientists from the 
Netherlands and Canada.

Rotating molecules are widely 
used as molecular motors in 
biological systems, for tasks such 
as moving molecules away from 
cell nuclei. Ben Feringa, at the 
University of Groningen, the 
Netherlands, and colleagues have 
attempted to mimic biomolecular 
rotors by attaching photosensitive 
molecules to solid surfaces, which 
enables them to take control of the 
molecules’ orientations.

The group anchored the 
molecules to quartz and silicon 
surfaces. When they shone light 
on the surfaces, the molecules 
underwent a photochemical 
isomerisation followed by a 
thermal inversion, which caused 

Rotating molecules anchored to a surface change the surface’s properties 

Surfaces take a turn to do work
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Modified aluminium 
oxide nanowires (left) 
can repel a wide range of 
liquids, including crude 
oil (right)
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hydrophobicity. 
‘The successful formation 

of fully functional surface-
grafted molecular motors 
might be a first step towards 
the construction of more 

sophisticated and functional 
nanomolecular motors,’ says Qing-
Zheng Yang, an expert on photo-
driven molecular motors at the 
University of Illinois, Urbana, US.

Feringa says he looks forward to 
attaching long polymer chains to 
the motors to amplify the motion. 
‘We would like to have motors that 
rotate in the microsecond time 
frame to see a propulsion effect on 
solvents, polymers or other nano-
objects on top of the layer.’
Christina Hodkinson

Zhou. His electrochemical method 
is simple and quick, he adds.

‘This work is important because it 
describes an elegant method to make 
aluminium surfaces repel a wide 
range of liquids, including water 
and various types of oil, which could 
be adopted on an industrial scale,’ 
comments Steven Bell, an expert in 
super-repellent surfaces at Queen’s 
University Belfast, UK. ̀ As with 
all approaches based on nano- and 
micro-structured surface features, 
the challenge will be to combine this 
impressive functionality with the 
long term durability which is needed 
for many practical applications.’

Zhou agrees that applying the 
method industrially will not be 
easy. ‘Unlike the success in making 
various super-hydrophobic 
materials with different synthetic 
strategies, examples of super-
oleophobicity are very rare,’ he says. 
‘Extending the present idea to other 
materials, especially engineering 
coatings, will be a great challenge.’
Colin Batchelor

lubricating],’ explains Zhou. ‘Creep 
may lead to lubrication failure 
or cause contamination of the 
surrounding environment.  Surfaces 
that are non-adhesive and repellent 
to oils potentially have wide 
applications from kitchen facilities 
to oil transport pipelines.’

Other methods for making 
aluminium oxide nanowires involve 
etching porous aluminium oxide 
membranes using acids or bases, 
but they are time consuming, says 

Chinese researchers have made a 
surface that repels nearly all types of 
liquid. The surface could be used in 
a range of applications from kitchen 
equipment to oil pipelines, they 
claim. 

Feng Zhou and colleagues at the 
Lanzhou Institute of Chemical 
Physics used electrochemistry 
to make a forest of aluminium 
oxide nanowires on the surface of 
aluminium foil. Using a process 
called anodisation, they formed 
nanoscale pores on the surface, 
which grew and merged, leaving 
nanowires behind.  The team 
then modified the nanowires 
with perfluorosilanes, creating a 
surface that repelled a variety of 
liquids including water, alkanes 
and lubrication oils, such as ionic 
liquids.

‘Super-oleophobic [extremely 
oil-repelling] surfaces are in high 
demand to seal in lubricating oils 
and prevent oil creep [where oil 
spreads across a device away from 
the component it is meant to be 

the top part of them to rotate in 
concert perpendicular to the 
surface. The rotation can be used 
to alternately expose then hide 
functional groups, which can 
affect surface properties such 
as wettability and adhesion, 
explains Feringa.

‘Our motivation was to 
employ the collective action 
of many nanomotors on a 
surface to change the surface 
properties in a fully dynamic 
fashion,’ says Feringa. 
The motor is three orders 
of magnitude faster 
than previous surface-
supported motors, which 
is a major step towards 
getting them to perform 
work, he adds. The 
team’s next goal is 
to use the motors 
to control surface 

Light causes 
the top part of 
the molecule to 
rotate 
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US scientists have developed a simple 
electrochemical device that can be 
used to diagnose liver disease.

Liver disease affects more than 
170 million people worldwide. One 
way to identify the disease is to look 
for increased bile acid concentration 
in the blood. Existing bile acid tests 
require expensive, non-portable 
equipment, which is a significant 
problem for the many sufferers who 
live far from medical facilities, says 
Brandon Bartling, at Case Western 
Reserve University, Cleveland.

Now Bartling and colleagues 
have made a cheap and portable 
bile acid sensor. It consists of 
an oxidising enzyme and its co-
enzyme, nicotinamide adenine 
dinucleotide (NAD+), immobilised 
on an electrode’s surface. When 
Bartling dropped a bile acid sample 
on to the sensor, the enzyme oxidised 
the acid, producing the reduced 
form of the co-enzyme, NADH, as 
the by-product. The sensor then 
oxidised the NADH, generating a 
current proportional to the bile acid 
concentration. Bartling showed that 

Enzyme’s reaction with bile acids triggers current generation

Biosensor shows potential

Scientists in the UK and France have 
combined NMR and computational 
methods to determine the structures 
of powdered organic compounds. 
The protocol could be used by the 
pharmaceutical industry to identify 
if drugs contain different crystal 
structures (polymorphs) that could 
make them less effective. 

Lyndon Emsley, at the University 
of Lyon, Villeurbanne, France, and 
colleagues tested their protocol, 
which is based on solid state NMR 
combined with density functional 
theory, on thymol, an antiseptic 
molecule found in thyme oil. They 
showed that the crystal structure 
they generated was the same as 
the single crystal X-ray structure 
determined previously.  

Emsley says he was inspired 
by protein NMR, where proteins 
are isotopically labelled to make 

NMR and theory join forces to characterise drugs

Crystal clear method for identifying powders 
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The sensor is simpler 
and more sensitive 
than sensors with size-
exclusion membranes
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them easier to characterise. ‘We 
thought: can we adapt that to small 
molecules that can’t be easily 
labelled?’ he says. ‘Ours is the 
only group working toward total 
structure determination of small 
organic molecules.’ 

Marc Baldus, a specialist in solid 

the sensor could detect the total bile 
acid concentration in calf serum 
samples containing mixtures of the 
three principal human bile acids. 
He says this suggests that accurate 
diagnosis using human samples 
could be possible.

The sensor operates at a lower 
potential than similar biosensors, 
says Bartling, meaning that it 
oxidises only NADH and not any 
other species present in the sample. 
As a result, it doesn’t need size-

exclusion membranes, which are 
used by other biosensors to filter out 
other oxidisable species that might 
interfere with current measurement.

Membranes’ pores can get blocked 
with chemicals, explains Bartling. 
Product then builds up on the 
electrodes, reducing their sensitivity. 

Chong Yuan, managing director 
of Diazyme Laboratories, La Jolla, 
US, which makes diagnostic tests, 
comments that the results may also 
have ‘wide application potential 
for various clinically relevant 
biomarkers that can be involved in 
the enzymatic formation of NADH, 
such as homocysteine, a new 
emerging cardiovascular risk factor’. 
But he warns that ‘further studies 
are needed to validate the test with 
human samples’.

Bartling is focusing on liver disease 
for the moment. He says he plans 
to develop a series of affordable, 
portable and user-friendly sensors 
to test for other biomarkers that can 
help to discriminate the type and 
severity of liver disease.
Frances Galvin
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The NMR–theory 
protocol can 
discriminate between 
drug polymorphs 

state protein NMR at Utrecht 
University, the Netherlands, 
hails the work as ‘a landmark in 
establishing solid state NMR as a 
high resolution structural method 
in pharmaceutical chemistry and 
beyond’. 

Emsley says the method performs 
as well as current powder X-ray 
diffraction methods but he believes 
that the integrated use of both 
techniques will result in a far more 
effective protocol.

‘Our objective is to extend 
the technique to all drug-sized 
molecules and to apply it to 
discriminate between polymorphs,’ 
says Emsley. He says he is confident 
that the method can be used to 
look at disordered, non-crystalline 
materials, such as those used in 
electronics and nanotechnology.
Philip Robinson
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A magnetic field across 
the channels separates 
the fungi-bound beads 
from blood 
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Magnetic microbeads remove pathogens from blood

The medical power of attraction 
US scientists have made a 
microfluidic device that cleanses 
blood of toxic pathogens.

Sepsis is a lethal disease caused by 
a microbial infection that saturates 
the blood and overwhelms the 
body’s defences. Commonly caused 
by the fungi Candida albicans, it 
kills over 200 000 people in the US 
each year.  Antibiotics are the most 
effective treatment but sometimes 
they can’t cope with the quickly-
multiplying pathogens. Donald 
Ingber, at Children’s Hospital Boston 
and Harvard Medical School, and 
colleagues say their device rapidly 
reduces the number of pathogens 
in the blood so the antibiotics have 
fewer pathogens to kill.

Ingber’s device consists of four 
vertically stacked channels filled 
with flowing fungi-contaminated 
blood. He added magnetic 
microbeads coated with antibodies to 
the blood, which bound to the fungi. 
A magnetic field gradient generated 
across the channels continuously 
separated the fungi-bound beads 
from the blood. Ingber showed the 

device can clear 80 per cent of the 
fungi, 1000 times faster than other 
blood cleansing prototypes.

‘We have integrated proven 
microfluidics and micromagnetic 
technologies to engineer a potentially 
effective, low-cost and portable 
blood cleansing system that can be 
applied worldwide to save human 
lives,’ says Ingber. He adds that the 
patient’s blood would be diverted out 
of their body, through the device for 
cleansing before being returned to 
the circulation, with simultaneous 
antibiotic treatment.

‘This is a refreshingly brilliant 
approach for treating patients with 
septicaemia. The proof-of-principle 

is very convincing,’ comments Tonse 
Raju, Medical Officer at the National 
Institutes of Health, Bethesda, 
US. ‘However, major hurdles to be 
conquered are: effective cleansing 
when the blood flow rates are in 
the physiological range; removal of 
inflammatory products of sepsis that 
can perpetuate organ damage even 
in the absence of pathogens in the 
blood; and the problem of dealing 
with regions of the body where the 
organisms can reside without getting 
into circulation.’

Ingber says he is working on 
improving the device. ‘We are 
currently developing a new process 
to increase the binding of magnetic 
beads to pathogens,’ he explains. 
‘We are also developing new 
microfluidic designs that mimic the 
native architecture and function 
of the spleen, which is normally 
responsible for removing pathogens 
from the bloodstream.  Prototypes 
demonstrate extremely high 
separation performance without the 
lost or dilution of circulating blood.’ 
Emma Shiells

Light-induced polymerisation in microchannels creates complex designs 

Picture perfect particles
method can be used to make 
particles made of two different 
monomers. He polymerised the 
first monomer type and locked 
the structure in place. He then 
introduced the second monomer 
type into the channel 
and used light to 
polymerise it to the 
existing structure, 
making patterned 
particles with 
intricate 
shapes, interior 
features and 
borders by 
changing the masks.

‘This is a very impressive 
approach towards truly complex 
particles. While a range of different 
asymmetric and multifunctional 
particles have been made in 
recent years, these particles are, 

US scientists have developed a 
microfluidic method for making 
complex 3D microparticles they 
claim could be used in tissue 
engineering.

Patrick Doyle and colleagues 
at the Massachusetts Institute of 
Technology, Cambridge, call their 
method Lock Release Lithography 
(LRL). They shone UV light through 
transparent masks to polymerise 
monomers inside a microchannel 
into different shapes. Structures 
hanging down from the channel’s 
ceiling then locked the particles 
in place and made indents in the 
particles’ structures. By applying 
high pressure, the team released the 
dish-like structures and collected 
them. They also made particles 
with pillars on their surfaces using a 
channel with indents in its ceiling.

Doyle demonstrated that the 

without any doubt, outstanding,’ 
says Joerg Lahann, a specialist in 
microparticles at the University of 

Michigan, Ann Arbor, US.
‘We believe that LRL will 

provide a powerful means to 
mass-produce functional units 
in areas such as microfluidic 

operation, filtration and 
tissue engineering,’ 
says Doyle. ‘The length 
scales in LRL are ideally 

suited to generating tissue 
engineering mesocontructs, 
each containing multiple cell 

lines that are precisely positioned 
within the particle.’

Currently, the particle size is 
limited to the micrometre range but 
Doyle says he plans to extend the 
technique to make other particle 
sizes.
Michael Brown

Intricate shapes are 
made by changing the 

masks and monomers 

CT.04.09.T28.indd   20 20/03/2009   10:59:11


	CT.04.09.T25.pdf
	CT.04.09.T26.pdf
	CT.04.09.T27.pdf

