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Abstract of Thesis

The interaction between liquids and plasmas has been studied extensively in recent decades, driven by the
burgeoning applications of atmospheric-pressure plasmas to the fields of medicine and biology. Plasma-based
medical therapies necessitate a thorough understanding of plasma-liquid interactions, as most living cells are
enveloped by fluids that mediate the plasma's contact with cells. Plasma interaction with liquids generates a
plethora of reactive oxygen and nitrogen species (RONS). RONS are typically categorized into fast-reacting and
slow-reacting species based on their reaction rates. Observation of fast-reacting RONS in a liquid phase, however,
poses significant experimental challenges because their reactions are too fast to be observed optically.
Furthermore, if fast-reacting RONS enter the liquid from the gas phase, their reactions typically take place in a
very thin layer with a depth of about 1 um at the gas-liquid interface (i.e., the liquid surface). Therefore, for a
better understanding of the dynamics and chemical reactions of RONS in a liquid phase, sophisticated

computational simulations are needed to unravel the intricate mechanisms of plasma-liquid interactions.

To investigate the critical reaction pathways in plasma-liquid interactions, this study utilized two simulation
methodologies: a global (0-dimensional or 0D) model focusing on liquid-phase chemical reactions and a 1D model
incorporating liquid-phase reactions and transport phenomena. The liquid of interest in this study was
phosphate-buffered saline (PBS), in which the pH value stays at 7, and chlorine ions CI* typically produce
hypochlorous acid (HOC]) when the solution is exposed to a plasma. This study initially investigated the influence
of charge-neutral RONS generated in plasmas on chemical reactions within a PBS solution. Subsequently, the
impact of time-dependent fluxes of electrically charged species (i.e., electrons and ions) on chemical reactions in a

PBS solution was examined.

The global model investigation of neutral species unraveled two crucial reaction pathways leading to hydrogen
peroxide H202 decomposition by C1* in PBS solutions; one is the “direction decomposition of hypochlorite ion C10™
and the other is the “chlorine monoxide ClO cycle.” The 1D reaction-transport simulation also found that these
were the main decomposition mechanisms for H20 in a PBS solution, providing spatial resolution of reaction
events within the solution. The study also examined liquid-phase chemical reaction dynamics for pulsed plasma
discharges and demonstrated that the influxes of electrons and ions to a PBS solution led to the generation of
stable chemical species such as H202, NO2, and NOsz". Although electrons and ions are typically fast-reacting
species, the overall reactions were found to be slow, and, therefore, pulsed discharges and steady-state fluxes of
charged species caused similar effects on the generation of slow-reacting stable chemical species in a PBS

solution.
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