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Effect of surface active solutes on acoustic bubbles

observed with high-speed camera
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Abstract Intense ultrasound produces acoustic bubbles which repeat the oscillation of expansion and contraction.
Surfactant molecules affect bubble dynamics such as a bubble coalescence when adsorbed with bubble/liquid interface.
We observed a high-speed shadowgraph of acoustic bubbles in aqueous solutions of sodium dodecyl sulfate using a high
speed camera with a speed of 1,000,000 fps. The experimental result of time evolution of bubble diameter showed that
a surfactant-adsorbed bubble favors spherical oscillation. Histograms of maximum bubble diameter were obtained
from the high-speed movies. The histograms measured at ultrasonic frequencies of 37, 87 and 123 kHz indicated that
number of large- size bubble considerably decreased compared to the case in pure water and this tendency is marked at
higher frequencies. The histograms measured at various SDS concentrations at 87 kHz showed that the decrease in
large-size bubbles is significant at the concentration of 5 mM. These results are elucidated in terms of electrostatic
repulsion force between charged bubbles, which inhibits bubble coalescence. The increase in rectified diffusion is also
noticed in the histogram.
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Fig.1 History of acoustic bubbles.
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Fig.2 The time evolution of bubble diameters
observed in (a) deionized water, (b) 0.1 mM SDS
solution and (c) SmM SDS solution at 87 kHz.
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Fig. 3 : Histogram of the maximum diameter of cavitating
bubbles measured in 1 mM SDS solutions (a)-(c¢), and in
water (d)-(f). Ultrasonic frequencies were 36 kHz (a) and
(d), 82 kHz (b) and (e), and 124 kHz (c) and (f). Applied
voltage was about 35 V. The bubbles larger than 40 pm
are drastically decreased at 124 kHz in SDS solutions.
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Fig.4: Histogram of the maximum diameter of cavitating bubbles measured in water and 0.1, 1, 5,

and 10 mM SDS solutions at low and high voltages described in the figures.

was 87 kHz for all the cases.
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