Experimental design and setup for solutions with surfactant
This study utilized the DC-needle system to generate atmospheric pressure plasma as shown in FIG. S1. The helium gas was blow to the solution surface through a stainless-steel needle (​AN*2232R1, TERUMO, Japan) which located 1.0 mm above the liquid surface. The flow rate of helium gas was controlled precisely at 100 standard cubic centimeter per second (SCCM) by a mass flow controller (5850E, Brooks, USA). For plasma generation, the high voltage power supply (BERTAN 230-10R, Spellman, USA) provided a direct current electrical power of 2.0 kV and 1.5 mA to excite the helium gas. The tested solution was loaded to a rectangle container. Stainless-steel needle and platinum wire served as anode and cathode, respectively.
The transparent rectangular container, made of poly(methyl methacrylate) (PMMA), was used to load the tested solutions. The container had dimensions of 50 mm × 50 mm × 25 mm. Therefore, 50 mL of solution was loaded for further testing.
The anionic surfactant solution was prepared by sodium dodecyl sulfate (SDS), while the cationic surfactant solution was prepared by cetyl trimethyl ammonium chloride (CTAC). The surfactant concentration for both solutions was controlled at 0.2 mM. The liquid flow was induced through the plasma irradiation and visualized by blue ink. The moving trajectory of ink was recorded by a digital camera (RX100 IV, SONY, Japan) at 29.97 frames per second for further analysis. 
To evaluate the speed of induced flow, the other container with dimensions of 25 mm × 25 mm × 100 mm was used to provide a sufficient length for liquid flow. 56.25 mL of solution with anionic surfactant was tested. The flow was visualized by blue ink and recorded by digital camera, also.
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FIG. S1. The experimental setup for testing the solutions with anionic and cationic surfactant.

	


Results and discussion
The plasma-induced liquid flow was visualized using blue ink and displayed in FIG. S2. The ink's trajectory demonstrated that plasma irradiation induced downward liquid flow in both anionic and cationic surfactant solutions. This finding suggests that the electrical charge of surfactant molecules did not determine the flow direction.
Kawasaki et al. systematically investigated the induced liquid flow characteristic in a surfactant solution[1]. The study concluded that the downward liquid flow was caused by the degradation of surfactant molecules. The plasma irradiation decomposed the surfactant molecules by its energetic ions and electrons, resulting in an area with higher surface tension at the irradiation point. This created a surface tension gradient and inward Marangoni flow on the liquid surface, and resulting a downward flow in the liquid.
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FIG. S2. The time evolution of visualized flow induced by plasma irradiation in surfactant solutions with anionic and cationic surfactant.

To evaluate flow speed more accurately, a container with a height of 10 cm was used to provide sufficient space for flow propagation. FIG. S3 displays induced and visualized flow for flow speed assessment. As the graph paper with 5 mm × 5 mm grids provided an appropriate scale, the ink's moving trajectory and each frame's time can be utilized to compute flow speed. The plasma irradiation produced a liquid flow moving at a speed of 25 mm/s in downward direction.
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Figure S3. The time evolution of visualized flow for evaluating the speed of the induced flow.
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