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Compact ‘referenced—chemiresistive-sensors’ consisting of network-assembly of
semiconducting carbon nanotubes and hydroxylamine hydrochloride enable highly
selective and continuous measurement of formaldehyde for environmental monitoring.




Figure: Reference and sensing devices are visualized using LEDs. The presence of
formaldehyde is shown by the brighter LED.

Formaldehyde (HCHO) and related chemical compounds used in the construction industry to
prevent decay of building materials are known to cause dermatitis, asthma, and other such
ailments. Such health issues related indoor air pollution–referred to as ‘sick building syndrome’–is a
global problem with World Health Organization (WHO) guidelines recommending a maximum
permissible concentration of HCHO of 0.08 ppm indoors. But monitoring levels of HCHO is not
trivial, with conventional technology being expensive, bulky, and although compact monitoring
systems exist, they require renewal of ‘detection tags’ after each measurement, and have issues
related to continuous and long term monitoring.

Here, Shinsuke Ishihara and colleagues at the WPI-MANA, National Institute for Materials Science
in Tsukuba and collaborators at the Nanomaterials Research Institute, National Institute of
Advanced Industrial Science and Technology (AIST), Tsukuba, report on the development of an
innovative HCHO detection system based on a combination of hydroxylamine hydrochloride and
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network-assembly of semiconducting single walled carbon nanotube (SWCNTs) sensors capable of
highly selective and continuous monitoring. Specifically, the SWCNT sensor is reusable; has a
detection limit of 0.016 ppm; HCHO-selectivity of 105 to 106 times higher than other vapors such
as water and methanol; and the implementation of a reference sensor adjacent to an active one
prevents false positives.

The reaction of HCHO with hydroxylamine hydrochloride generates hydrochloric acid, which causes
changes in the conductivity of the SWCNTs that are measured with an external electrical circuit.
The reference sensor does not have hydroxylamine hydrochloride present at its surface, hence the
sensor does not react to HCHO.

“The high performance and versatility of our sensors was achieved by designing devices with
precise separation of semiconducting carbon nanotubes, monodisperse treatment of carbon
nanotubes and improvement of active surface area by networking,” says Ishihara. “Furthermore,
our sensor is low cost, portable, and long lifetime, thereby making it suitable as a ‘detect to warn’
sensory system.”
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