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Out and about
A Swiss collaboration has found that many 
more nanoparticles can leave an experimental 
sewage works than was previously thought.

Wendelin Stark of ETH Zürich and 
Reto Müller of BMG Engineering had 
known each other from their days in the 
Swiss army. And it was through Müller that 
Stark heard about collaborations between 
BMG Engineering and Rolf Krebs’ group at 
the Zürich University of Applied Sciences 
on various wastewater projects. Stark 
and Krebs then talked on the phone and 
decided to get their teams together to study 
how engineered nanoparticles are removed 
from a model water-treatment plant.

Stark is a chemical engineer who 
works on the synthesis and manufacture 
of inorganic oxides. He and his student 
Ludwig Limbach wanted to know if 
the nanoparticles they were making 
presented a risk to human health or the 
environment. Krebs and his colleagues 
at BMG contributed know-how on 
water-treatment plants and together 
they discovered that the bacteria found 
in sewage sludge can secrete surfactants 
that prevent the aggregation of cerium 
oxide nanoparticles. Previously it had 
been thought that the nanoparticles might 
form clumps that would precipitate, 
thus preventing them from entering the 
environment. However, the results of 
the Swiss team — which also included 
researchers from BMG and electron 
microscopists from ETH — show that 
further research is needed to develop 
ways to remove these nanoparticles from 
waste water (Environ. Sci. Technol. 42, 
5828–5833; 2008).

“Collaborations mostly depend on 
the people involved. If you have great 
people, you will always find creative ways 
to realize and finance a project,” says Stark. 
“Long-term collaborations depend on 
trust; there are no contracts and if you are 
known to stick to your word, others will 
trust you more easily. It also helps if you 
learn a bit about other people’s culture and 
their language — I spent months reading 
the medical literature, visiting hospitals 
and getting to know the problems and it 
was worth every single minute.”

TOP DOWN BOTTOM UPenzyme-based logic gates by using the output 
to control the self-assembly of nanoparticles.

The researchers first developed systems 
that could perform AND/OR logic operations 
by using enzymes as the input signals: the 
absence of an enzyme was considered an 
input of ‘0’, its presence an input of ‘1’. These 
signals were fed into logic gates composed 
of chemical solutions, which would 
undergo a catalytic reaction in the presence 
of the appropriate enzyme and yield an 
output signal in the form of a pH change. 
The team then linked this output to pH-
responsive silica nanoparticles coated with 
poly-2-vinylpyridine shells. When a logic gate 
gave an output of ‘0’, there was no change in 
the pH of the solution and the nanoparticles 
existed as large aggregates. However, when a 
output of ‘1’ was generated, the pH dropped 
and the aggregates dissociated, forming a 
stable dispersion of particles.

The researchers believe that these 
‘chemical transformers’ could prove 
useful in future self-assembled molecular 
robotic systems.

ELECTROPHORESIS

Out of line 

Phys. Rev. Lett. 101, 118301 (2008)
Charged particles dispersed in a fluid 
move under the action of an external 
electric field. An understanding of this 
electrophoretic behaviour in rod-like 
semiflexible particles is important in the 
understanding of biomolecules, such as short 
DNA fragments, and colloidal rods, such as 
micelles. However, despite the long history 
of electrophoresis, reliable imaging methods 
for this behaviour are still required. Now, 
Martin G. L. van den Heuvel and colleagues 

at Delft University of Technology and the 
Universita degli Studi di Milano report using 
fluorescence microscopy to monitor the 
orientation and shape of microtubules — 
which act as a model system for semiflexible 
rods — in an electric field.

The researchers used microtubules 
of charged, cylindrical biopolymers with 
diameters of 25 nm and lengths of several 
micrometres, and their electrophoretic 
motion was imaged inside microfluidic 
channels. It was found that the microtubules 
could not only orient parallel to the electric 
field, as would be expected from a polarization 
mechanism, but also perpendicular to it. 
Furthermore, the average microtubule 
orientation exhibited a scaling behaviour that 
suggests a balance between driving and elastic 
deformation forces. Surprisingly, about 10% 
of the microtubules could also be bent into a 
U-shape by the electric field. 

The authors expect that this interaction 
between electrohydrodynamics and electric 
polarization will be useful for a detailed 
understanding of the electrokinetics of rods. 

ELECTRON MICROSCOPY

Single twists
Nano Lett. doi:10.1021/nl801364g (2008)
Carbon nanotubes excel at carrying electrons, 
and so have inspired a wide variety of device 
designs. However, nanotubes come in two 
flavours — semiconducting and metallic — 
and these designs usually require a flavour 
guarantee. So far this has proven difficult to 
deliver. Now, Yuta Sato and colleagues at AIST 
have made an observation that could help. 

The researchers followed a standard 
technique (density-gradient centrifugation) 
to generate nanotube bundles that were 
mostly metallic or mostly semiconducting. 
At this point, optical or Raman spectroscopy 
is usually used to characterize the tubes. 
Instead, the authors examined individual 
tubes using a transmission electron 
microscope. The microscopy data told them 
the nanotube chiral angle and diameter, 
and could even distinguish between rotated 
versions of identical tubes.

They found that tubes from the metallic 
bundle had a concentration of high chiral 
angles (greater than 20°), whereas tubes from 
the semiconducting bundle did not. This may 
point to a chirality dependence of the tube 
separation technique, of the growth technique, 
or of the tube type itself. Furthermore, chiral 
angle characterization on an individual tube-
by-tube basis using electron microscopy gave 
different results than absorption spectroscopy. 
This may have resulted from the presence 
of defects in individual tubes, and points to 
the need for additional research to reconcile 
these approaches.

The definitive versions of these Research 
Highlights first appeared on the Nature 
Nanotechnology website, along with other 
articles that will not appear in print. If citing 
these articles, please refer to the web version.
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