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Coordination polymer as an acetonitrile sensor. Credit: Scixel

Increasing emissions of volatile organic compounds (VOCs) and their
resulting impact on air and water quality has become one of the major
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environmental concerns of our age, especially in industrialized societies.
Some VOCs are identified as highly toxic or carcinogenic, and may
impact human health as well as on the natural ecosystem. VOCs are
emitted from the use of many everyday household products, which
makes the control of their emissions particularly difficult and critical.
One of these VOCs is acetonitrile, which is primary used as an organic
solvent in extractive processes, and it is also commonly used for dyeing
textiles, as a metal cleaner and for battery applications. Exposure to
acetonitrile occurs mainly through inhalation and dermal contact in
workplaces in which acetonitrile is produced or used. Toxicological
studies have provided sufficient evidence that high levels of acetonitrile
induce potential neurotoxicity, nausea, impaired motor activity, shallow
and/or irregular respiration and, in extreme cases, death.

Currently, highly sensitive analytical techniques are employed for the
accurate quantification of VOCs, often based on optical absorption,
particle counting or mass spectrometry. However, these techniques have
some drawbacks, such as their low portability, constrained selectivity,
complex and time-consuming pre-treatment steps, necessity of highly
skilled operators and high cost. To overcome these limitations and
explore more cost-effective alternatives, such coordination polymers
have attracted a great deal of attention in the development of next-
generation sensing devices. These materials can host VOCs through a
process of diffusion throughout the crystal lattice. This process may
produce an easy-to-measure response due to the variation of the
properties of these materials, which makes them useful chemosensors.
Specifically, these chemosensors could display an easily detectable
change in almost any physicochemical property, such as in the
luminescent emission, the electrical conductivity, the magnetic behavior
and even a naked-eye color change.
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Coordination polymer exposed to acetonitrile causes a color change and a abrupt
change in the material's electrical conductivity. Credit: Esther Resines

The groups of Professor Enrique Burzurí and Professor J. Sanchez Costa
at IMDEA Nanociencia propose the use of a simple non-porous
coordination polymer that shows a magneto-structural transition under
desorption/absorption of acetonitrile molecules in the structure. This
reversible change produces a measurable response in the presence of
acetonitrile. This response comes in the form of a change in the color of
the polymer from orange to yellow and an abrupt increase in the
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electrical conductivity. Both of these responses are easily observed by
the naked eye or easily measured, providing an obvious advantage over
other costly analytical techniques. Moreover, these responses occur at
well-defined temperatures close to ambient conditions. Today, as far as
we know, this is the first example of a molecule-based material that
shows all this macroscopic readable properties all in once.

  More information: Esther Resines-Urien, Enrique Burzurí, Estefania
Fernandez-Bartolome, Miguel Ángel García García-Tuñón, Patricia de la
Presa, Roberta Poloni, Simon J. Teat and Jose Sanchez Costa, Chem.
Sci., 2019. DOI: 10.1039/C9SC02522G.
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