Hardware- and software-based selectivity enhancement of gas nanosensors

Bergoi Ibarlucea
Chair of Materials Science and Nanotechnology, Dresden University of Technology, Dresden-Germany
bergoi.ibarlucea@tu-dresden.de

Abstract

Gas and volatile organic compound detection in exhaled breath is an emerging diagnostic technique.
Breath can contain thousands of such compounds, usually at ultralow levels, making it necessary to
develop highly sensitive and selective detection tools. Carbon nanomaterial-based chemiresistors
outperform the traditional metal-oxide sensors in terms of sensitivity at room-temperature, [1] which
is convenient toward the miniaturization in point-of-care diagnostic applications. However, selectivity
is a known issue still to be addressed and in the focus of current research efforts.[2] Two approaches
are promising and compatible with each other to contribute substantially in the improvement of the
selectivity. The first of them consists on the surface engineering of the sensing nanomaterial by
including elements of known chemical affinity toward the target gas. We describe how the
functionalization of carbon nanotubes with gold nanoparticles (Figure 1a) results in improved affinity
toward hydrogen sulfide, a known marker of small intestinal bacteria overgrowth. A self-validation
device results from the integration of multiple of such sensors in a single chip.[3] The second
approach is based on the implementation of machine learning algorithms to maximize the
information obtained from a single sensor. We report how its use with a graphene-based device helps
to distinguish ammonia and phosphine, gases that interact similarly with graphene, by deeply
analyzing their interaction kinetics (Figure 1b). [4] We predict that combining these two approaches
can be a key step in the realization of novel, smart gas sensing platforms of high analytical efficiency.
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Figure 1: (a) Array of chemiresistors based on gold nanoparticle-modified CNTs. (b) Analysis of the
interaction kinetics during exposure of sensors to a gas.
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