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Temperature gradient at a gas-liquid interface causes a variation of the surface tension, which generates
Marangoni flows. In our previous study, we showed that thermoplasmonic effect of a gold nanoisland film
is suitable for the generation of a microbubble in water and Marangoni flows around it. In order to control
and understand the Marangoni flow more precisely, investigation on the properties of the generated
microbubble has been necessary. It is considered that the nature of microbubbles depends heavily on
dissolved gases in water. Therefore, in this study, we have investigated the nature of microbubbles and
the Marangoni flows in water with controlled dissolved gases concentration. The gold nanoisland film was
fabricated on a glass substrate by using the glancing angle deposition technique. A fluidic cell was
prepared on the gold nanoisland film and filled with water with controlled oxygen concentration from 1 to
20 mg/L. By focusing a laser (wavelength: 785 nm) onto the gold nanoisland film from the rear side of the
substrate, we generated a microbubble and a Marangoni flow. As oxygen concentration in water is
reduced, the microbubble diameter decreases. When water has high oxygen concentration of more than 6
mg/L, stable oxygen-rich microbubble is generated. It is accompanied with Marangoni flow, whose flow
speed is up to several mm/s around the bubble. On the other hand, when water has low oxygen
concentration of less than 2 mg/L, a tiny water vapor microbubble with a diameter of 10 pm is generated.
This microbubble is accompanied with a significantly rapid Marangoni flow, whose flow speed exceeds 1
m/s in the vicinity of the bubble. Furthermore, in the range of 2—6 mg/L, the water vapor bubble is
generated stochastically. These results suggest that the gas composition in the bubble is the key to
generate strong Marangoni flows. The rapid Marangoni flow around the water vapor bubble is expected to
be useful for particle manipulation or microfluidic mixing.




