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A First-Principle Study of Phosphorene-based Gas Sensors

S. M. S. Seyyedi, M. Roshankar, M. Pourfath*

Department of Electronic, School of Electrical and Computer Engineering, University of Tehran, Tehran

Abstract: Two-dimensional materials have been the focus of research activities over the past decade.
Their interesting and unique properties render them as excellent candidates for future electronic,
optoelectronic, sensing, and bio applications. For gas sensing it is essential to maximize the ratio of the
surface to volume of the sensor, which is the case for two-dimensional materials. This work presents a
comprehensive study on adsorption properties of H,S, NHs, CO, and NO on phosphorene, by employing first-
principle calculations. The optimized atomic sites, directions and the associated adsorption mechanisms are
carefully analyzed. Transfer of charge between the gas molecule and the layer modifies the layer’s resistance.
By evaluating the resistance variation, the concentration of gas molecules can be determined. The results
indicate that nitrogen-based molecules especially NO, show the highest sensitivity among the studied gases. In
addition, strain effects on sensor characteristics and adsorption behavior are investigated. The optimal locations
for the absorption of the gases and the mechanism of absorption energy under various strain conditions are
analyzed. The results indicate that sensitivity increases with strain and significantly improves the selectivity of
the sensor. The results show that both strained and unstrained phosphorene are suitable candidates for sensitive
gas sensing applications.
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