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The lines must be inferefernce free, uneffected by other emission lines and should not be self-
absorbed, which could contribute to an error. The preselection of the suitable lines of the considered
elements and degree of ionization for CF-LIBS analysis is crucially important. The emission lines
and their parameters were ontained from the NIST LIBS database[2].
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Laser-induced breakdown spectroscopy is a well-known analytical technique with a huge potential
for characterization of materials in all three states of matter. It enables quick remote analysis without
time-consuming sample preparation. The temporal evolution of plasma in liquid samples due to the
nature of liquid itself provides further challenges. Plasma produced by a laser pulse (PPL) in liquid
samples, unlike the one in solids, exhibits some difficulties during the plasma formation such as
splashing, quenching and plasma duration. For solids, plasma created by laser ablation is generated
on the surface of a target. However, in the case of a liquid which is usually transparent to the light
source, plasma can be formed on the surface and within the liquid. Hence, the dynamic of the plasma
in liquids could change depending on the PPL location.

LIBS on liquids using an acoustic levitation system has recently been reported. This device allows
droplets to be suspended in the air to perform analytic determinations with LIBS technique. This
approach is called LIBS-AL.

To study droplet dynamics the fast-photo and shadowgraphy techniques were integrated into LIBS-
AL setup. Temporal evolution of plasma in liquids was recorded for different focal distances. Both
techniques employ a secondary fast camera in addition to an spectrometer, with both cameras si-
multaneously triggered by the laser. Two separate images were captured: one for the shadow of the
levitated sample and another for the ablated plasma. The results indicate variations in the ablated
material depending on delay time and focal distance (fluence). Delay times corresponding to the
maximum ablated mass were identified.
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Coumarin, a fluorescent aromatic compound widely used in dyes, pharmaceuticals, and optical
brighteners, is frequently detected in industrial effluents and poses ecological risks due to its persis-
tence, phototoxicity, and potential bioaccumulation in aquatic environments 1. This study presents
a novel approach for the rapid degradation of coumarin using recycled gas from a dielectric barrier
discharge (DBD) plasma bubble reactor. The DBD plasma device consists of a coaxial geometry (150
mm length, 15 mm outer diameter) with two quartz tubes forming a 1.5 mm discharge gap where
plasma is generated. The complete experimental setup is shown in Fig. 1(a). The reactor is im-
mersed in water, allowing reactive oxygen and nitrogen species (RONS) to be transferred into the
liquid phase via plasma bubbles, while gas-phase species such as ozone are recycled to a secondary
reactor containing the pollutant solution. These recycled oxidants, mainly ozone and hydrogen per-
oxide, react to generate hydroxyl radicals in situ, accelerating coumarin degradation.
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Figure 1: enter image description here

Fig. 1. (a) Complete experimental setup for coumarin degradation, (b) Degradation profile of coumarin
under three different treatment conditions.

The performance was evaluated under three conditions: (i) plasma bubbling, (ii) recycled gas treat-
ment, and (iii) ozonation alone. Hydroxyl radicals were quantified in all cases using a terephthalic
acid fluorescence probe, revealing that the secondary reactor with recycled gas diffusion produced
the highest radical concentration, correlating with the maximum degradation. Among these, the re-
cycled gas system achieved 99% degradation within 25 minutes, demonstrating superior efficiency,
as shown in Fig 1(b). The presence of excess nitrogen species in the primary plasma zone reduced
degradation efficiency compared to ozone alone, emphasizing the role of optimized gas recycling in
enhancing plasma-based oxidation.
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