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Introduction
‒ Plasma is important for almost all the 

industrial activities, such as 
‒ Semiconductor chips manufacture
‒ Nuclear fusion

‒ However, a universal and 
comprehensive modelling for the 
dynamics of the chemistry in the 
plasma is still rare.

‒ Mainly due to the complex nature of 
plasma, e.g., for CO2, 73 species, 
more than 5000 reactions.

Plasma-enhanced chemical vapor deposition

R. d’Agostino, et al. Plasma Process. Polym. 2005, 2, 7–15.

plasma-assisted ‘‘reactive-ion etching’’



Methods: QDB and PyGmol
‒ Quantemol data for species and reactions.
‒ Global model for plasma chemistry.

Particle and electron densities dynamics

Hanicinec et al 2020 Plasma Sources Sci. Technol. 29 125024. Tennyson et al 2022 Plasma Sources Sci. Technol. 31 095020 



Methods: LiDB (lifetime database)
LiDB is a database of molecular vibrational and vibronic state radiative lifetimes. Full details of the 
methodology and data structure can be found in the LiDB publication. 

Tennyson, et al. Journal of Quantitative Spectroscopy & Radiative Transfer 255 (2020) 107228 



Methods: Exocross
‒ EXOCROSS: a general program for generating spectra from molecular line 

lists.
‒ Cross sections, absorption spectra, emission spectra, etc.

Yurchenko, et al., Astronomy & Astrophysics, 614, A131 (2018)

CO2



Methods: integration
‒ Add decay of vibrational excited states.

‒ Add heavy particle collision for vibrational excited states, using the data in 
the STELLAR database.

‒ Integrate QDB and LiDB data into Pygmol plasma chemistry simulations 
and obtain the species distributions.

‒ Compute emission spectra using Pyexocross (python version of 
ExoCross).

Vargas, et al. J. Phys. Chem. A 2021, 125, 2, 493–512

Database: http://esther.ist.utl.pt/pages/stellar.html



Results: population distributions (CO2)





Results: Pressure- dependent CO2 plasma emission spectra
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Results: time dependence



Results: N2 + O2
NO



Results: N2 + O2
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Results: N2 + O2
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Results: N2 + O2



Conclusion and outlook
✔ Computed emission spectra by integrating QDB, LiDB, Pygmol, and 

Exocross.
✔ Obtained the species distributions from QDB App.
✔ Clearly see the CO2 and CO spectra lines.
� Finish the spectra calculations for CO2 and publication.
� Extend methodologies to other interesting systems such as N2+O2.
� Integrate softwares mentioned above into a single Python framework.
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Thank you for listening!


