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Non-thermal atmospheric pressure plasma devices are gaining increasing attention for
medical applications wherein the delivery of reactive nitrogen and oxygen species (RONS) is
desired [1], [2]. Numerous studies have shown the importance of RONS in biological
systems, from the mactivation of bacteria [3] to the intricacies of cell signaling pathways [4].

While RONS are known to be important in biological systems, less is known about the
conditions under which specific reactive species are transported to or formed in the liquid
phase. Further study of the fundamental interactions between gas phase plasma (and the
species generated) and liquids (typically aqueous solutions) is needed. Understanding the
mechanisms by which reactive species are formed in the liquid phase will aid in the rational
design of plasma devices for treating aqueous systems or tissues, and may enable the delivery
of tailored cocktails of reactive species.

In this study, we focus on the interaction between atmospheric pressure air corona discharge
of both polarities and an aqueous electrode (either distilled water or phosphate buffer solution
with a submerged wire to ground). The geometry of the corona discharge allows direct contact
between the air plasma and aqueous solution (above a submerged electrode), and also
produces a slight convective air flow (ionic wind) which aids in the transport of gaseous
species into the solution. The bactericidal effects of a similar device have been previously
demonstrated [5]. The reactive species present in the treated aqueous solution are identified
(ozone, nitrites, nitrates, hydrogen peroxide) and their mode of generation discussed (formed
directly in the liquid or partitioning across the gas/liquid interface).

We also examine the effect of the reactive species generated on aqueous solutions of simple
biomolecules (amino and nucleic acids). The reactive species present in solution and their
effects on small biomolecules were probed using techniques including UV-vis absorption
spectroscopy, Fourier transform infrared (FTIR) spectroscopy, and electrospray ionization
mass spectrometry (ESI-MS). These results will serve as a platform to investigate the effects
of direct discharges on peptides and other biomolecules in aqueous systems.

The authors would like to acknowledge Dr. Anthony Iavarone for his assistance in obtaining
high resolution mass spectra of the amino and nucleic acids treated in this study. This work
was supported by the Department of Energy, Office of Fusion Science Plasma Science Center.
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