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Research context and motivation

Gas sensing is an urgent global demand, since gas pollutants are a cause of climate
change and a risk to human health by provoking severe diseases.

The current state-of-the-art gas measurement trend is toward miniaturized nanostructured
metal oxides (MOX) chemiresistive sensors -e.g. nanowires- thanks to their high
sensitivity, fast response/recovery time, direct electronic interface and low fabrication cost.

Toxicants detection is as well important and topical, especially in the mass distribution food
chain. Aflatoxins can contaminate food in the field and post-harvesting
storage/manufacturing and cause liver/kidney diseases, chronic infections, and cancer.

At the same time, single-entity and single-molecule detection have been recently achieved
as the ultimate detection limit. Such sensors are promising because of their intrinsic high
sensitivity, potentially high selectivity, and calibration-free features.
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Addressed research questions/problems

MOX (SnO,) nanowire sensors are investigated to fill the literature gap present between
the sensing principle mechanism (ab initio simulations and predictions already explain this
aspect at a single-molecule level), and macroscopic experimental evidence at sensor
device level. A simulation toolchain is developed for this purpose to start from surface
kinetics information and predict the full sensor behavior.

In addition, the aforementioned analysis is useful to compare the literature state-of-the-art
gas sensors (nanostructured/nanoscale MOX sensors) with the addressed molecular
quantum dot ones (Au-Cy, dot).
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length scale

The target-sensor intermolecular interactions are proved to be effective in provoking
current variations of the order of microampere in molecular quantum dots. Nevertheless,
the mechanisms causing the current modulation in molecular quantum dots are not fully
understood. Therefore, a methodical study of the transport modulation mechanism is
carried out through device-level analyses and simulations.

The origin of the peculiar voltage-dependent is investigated as well.

The sensing performance under different realistic scenarios is investigated.

Transmission mechanisms and modulation is addressed. Analogies and differences are
present w.r.t. MOX nanowire sensors.

Adopted methodologies

Theoretical investigation and study with ab initio simulations. Software and methods: (i)
MOX nanowire simulations in Sentaurus TCAD with a customized MATLAB script to link
the surface kinetics to induced surface space charge; (ii) molecular quantum dot
simulations in QuantumATK with customized MATLAB codes to perform post-processing
and figures of merit extraction.

Novel methodologies were validated through comparison with ab initio and literature data
(for molecular quantum dots) and with experimental data (for MOX sensors).
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Novel contributions

 Establishment of a novel methodology of analysis for the theoretical prediction and
understanding of the MOX nanowire-based gas sensors, with a good match with
experimental data.
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 Creation of methodological analysis tools and figures of merit for the single-molecule
quantum dot-based gas and chemical sensors.

« Clarification of the origin of the voltage-dependent response in molecular quantum dot-
based sensors.

« Clarification of the physical mechanisms producing current variations in both gas and
chemical sensors based on molecular technologies.

« Comparison between the different types of sensors studied (useful to understand if already
known optimization strategies are applicable in the case of molecular quantum dots).
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 Extend the MOX nanowire modeling to fabrication process and variability simulations and
to polycrystalline MOX materials; experiments in collaborations with FBK institute.
Understanding of the sensor-target properties influencing the sensitivity and selectivity of
molecular quantum dot sensors, and compact modeling to highlight the most important
parameters for device engineering.

« Experimental evidence of molecular quantum dot sensors in collaboration with Silesian
Institute of Technology (Poland) and ASCENT+ (EU project), with Koral Technologies Srl.
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