Distinct molecular formation in laser-induced carbon plasmas in air
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Abstract

In this work, we are investigating the time- and space- resolved characterization of carbon plasma produced by infrared nanosecond laser ablation into the air at atmospheric pressure. The emission intensities of different atomic, ionic, and molecular species were observed as functions of time and distance with respect to the target surface, while the applied laser fluence is varied to study its influence on the plasma composition. The electron density and plasma temperature are estimated along the expansion axis. The vibrational temperatures of CN and C2 molecules are determined using the Nelder Mead Temperature program. These temperatures were found distinct indicating a significant shock wave may form to affect the occurrence of C2 and CN formation. It was found that at a given distance from the target surface and for a time delay of 2 µs, the plasma temperatures and the vibrational ones are similar. The carbon plasma chemistry is studied using a kinetic model to understand the temporal distribution of molecules near equilibrium at similar conditions to those measured experimentally.
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Fig.1: (a) Emission spectra of carbon plasma into air at different fluences at atmospheric pressure. (b) Plasma electron density and temperature versus distance from the target surface at a time delay of 2 µs.
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