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Abstract

Atmospheric pressure plasmas generate a distinct chemical and electrical environment ideal for
treating water, making them attractive for applications in wound healing, chemical synthesis,
nanomaterial fabrication, and water remediation. These plasmas can operate in a nonequilibrium
regime when driven by short pulses of power, lasting tens to hundreds of nanoseconds, that
energize electrons but are too short to significantly heat the surrounding gas. This study
investigates the impact of pulse width on plasma-water interactions by applying 70-350 ns pulses
to an argon plasma submerged in water. Plasma properties are analyzed using optical emission
spectroscopy and electrical measurements. Results indicate that within the first 15 ns of the pulse,
the plasma fully fills the gap between the electrodes. After this initial stage, the plasma expands to
occupy the entire inter-electrode space for the remainder of the pulse, forming an arc-like plasma
where current flow is regulated by the power supply. Essentially, pulse width determines how long
the plasma remains in this high-current state. Optical emission spectroscopy revealed that argon
dominates the emission immediately after plasma formation, but over time, hydrogen emission
becomes more prominent as the plasma dissociates water molecules. This results in higher power
consumption at longer pulse widths due to increased energy transfer to the water. Spatial emission
profiles show uniform hydrogen emission across the reactor, whereas argon emission weakens
near the positive electrode. Significant broadening of emission lines was observed during the pulse,
with Stark broadening of hydrogen lines used to estimate electron density. Measurements indicate
that a substantial electron density persists for several microseconds after the pulse, likely due to
residual voltage on the electrodes during power supply neutralization. At the longest tested pulse
width (350 ns), the post-pulse current lasted nearly 10 us, highlighting not only the influence of
pulse width on plasma dynamics but also the importance of other system parameters in determining
plasma lifetime.
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