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Multi-Bubble Sonoluminescence: How a Bubble
Converts Sound into Light and Creates Spots as Hot as the Sun

William B. McNamara III Final Seminar April 6, 2000

Fields of cavitating bubbles are generated when a liquid is irradiated with high
intensity ultrasound.! The collapse of these bubbles subjects the bubble contents to extreme
temperatures and pressures that lead to both sonochemistry and the emission of light: multi-
bubble sonoluminescence (MBSL).2 Though there exists a substantial body of theoretical
work on acoustic cavitation,34 the intrabubble conditions and the mechanism by which these
conditions are reached have not to date been unambiguously determined.

We set out to use MBSL, particularly metal atom emission generated by the sonication
of solutions of metal carbonyls in silicone oil and low-volatility organic liquids,5 as a probe of
the conditions within an imploding cavitation bubble. This mandated that the emission must
first be shown to arise unequivocally from the gas phase of the bubble. High-resolution
MBSL spectra reveal that the atomic emission lines are broadened and blue shifted under
helium relative their line-shape under argon. This is consistent with reports from other high-
pressure studies,% indicating that MBSL is in fact emitted from the gas phase of the bubble.

We next developed a methodology that is capable of determining the temperature of
sonoluminescence under a wide range of conditions.” Emission from metal atoms has long
been used to measure the temperatures of flames® and plasmas,? as the spectra are sensitive to
the temperature at which the atoms emit. We adapted this technique to MBSL and find that
Fe, Mo, and Cr emission resulting from the sonolysis of the parent carbonyls in silicone oil all
occur at 4800 * 500 K : calculated and observed emission spectra are shown in Figure 1a and
1b, respectively.
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The mechanism of sonoluminescence and cavitational heating was studied by varyin;
the polytropic ratio of the bubble contents. The introduction of polyatomic gases to th
bubble, either as a gas or as solvent vapor, leads to a decrease in the temperature o
sonoluminescence.” This decrease is consistent with the compressional heating mode] o

While the temperature of MBSL was shown to depend strongly on the polytropic ratio
of the bubble contents, it proved to be remarkably insensitive to changes in its thermal
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temporal evolution of the temperature within the bubble, but also the evolution of different
species within the bubble. This is schematically illustrated in Figure 2b. The compressional
heating during bubble collapse leads to entropy-driven chemistry. The weak meta] carbony]
bonds are broken early in the collapse, and subsequent collapse leads to the dissociation of
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concentrated on the physics of bubble dynamics and either ignored intrabubble chemistry or
treated it as a perturbation.
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