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Chemical functionalization of 'toxic' long
carbon nanotubes reduces effective length,
reduce asbestos-like pathogenicity

January 21 2013

(Phys.org)—Carbon nanotubes resemble asbestos fibers in their form.
Unfortunately, long, pure nanotubes also seem to have asbestos-like
pathogenicity. In the journal Angewandte Chemie, a European research
team has now reported that chemical modifications, for example with
tri(ethylene glycol), can alleviate this problem if the modification makes
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their surface more water-friendly and reduces the effective length of the
tubes.

Due to their unique physical, chemical, and electronic properties, carbon
nanotubes have become one of the most popular nanomaterials. They are
used in electronics, for reinforcing plastics, and in biomedicine as
nanotransporters to carry drugs into cells. For many of these
applications, particularly in the area of biology, it is necessary to
chemically alter the tubes by attaching molecules to their surfaces.

However, the industrial production of carbon nanotubes could bring
health risks with it. Studies have shown that multi-walled nanotubes that
are more than 20 um long act like asbestos fibers, causing inflammation
followed by granulomas—inflammation-induced knotlike tissue growths.
This occurs because the macrophages of our immune system cannot
absorb and remove the long fibers. Shorter nanotubes and those with
certain surface modifications have now been shown to alleviate toxicity.

A team led by Maurizio Prato, Alberto Bianco, and Kostas Kostarelos
wanted to determine what role the chemical modifications have in
resolving the toxic risk from the tubes. The scientists from University
College London (UK), the CNRS in Strasbourg (France), and the
University of Trieste (Italy) attached either hydrocarbon chains or
tri(ethylene glycol) chains as side-groups on multi-walled carbon
nanotubes and compared their effects to those of unmodified tubes. The
results show that the unmodified nanotubes and those with hydrocarbon
chains lead to asbestos-like inflammation and granulomas in mice.
However, the carbon nanotubes with tri(ethylene glycol) chains do not.

The difference seems to be a question of aggregation/disaggregation that
influences the length of the bundles: As shown by images from
transmission electron and atomic force microscopies, the effective
length of the tubes is reduced during the reaction that introduces the
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tri(ethylene glycol) chains. The researchers believe that the modification
with the tri(ethylene glycol) chain breaks apart the tubes from each other
so that they interact in the body as shorter, much more hydrophilic
individual fibers, whereas both the unmodified tubes and those with
apolar hydrocarbons on their surfaces interact with tissue as longer
bundles of individual nanotubes.

The researchers conclude that only those modifications that lead to a
disentangling of the bundles can alleviate the toxicological problems.

More information: Bianco, A. Asbestos-like Pathogenicity of Long
Carbon Nanotubes Can be Alleviated by Chemical Functionalization,
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