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 The chemical effects of ultrasound do not arise from the direct interaction of an acoustic 
field with chemical species on a molecular level; instead they arise from acoustic cavitation:  the 
formation, growth, and implosive collapse of bubbles in a liquid irradiated with high-intensity 
ultrasound.1, 2  The growth of the bubble is relatively slow, allowing for the accumulation of gas 
and vapor within the bubble, while the collapse in its final stage becomes very rapid, reaching 
velocities of up to 1,500 m·s-1.3  This high speed collapse effectively concentrates the diffuse 
energy of sound by compressing the contents of the bubble.  One consequence of the 
compressional heating of the bubble contents is the creation of a short lived flash of light referred 
to as sonoluminescence (SL).  The SL spectrum consists of a broad continuum extending from 
the near IR into the deep UV and an often contains atomic and molecular emission bands.  The 
atomic and molecular emission bands provide data on the reactive species present within the 
bubble.  The emission bands in SL spectra have also been used as a diagnostic tool of the 
conditions generated within the bubble during cavitation indicating that temperatures of up to 
15,000 K, pressures of hundreds to thousands of bars, and cooling rates of up to 1013 K·s-1 are 
generated.1, 4-8  

Acoustic cavitation also has effects on solids within a liquid exposed to ultrasonic 
irradiation.  When the supersonic collapse causes the bubble to reach its minimum radius the 
bubble rebounds, launching a shock wave outward into the liquid at speeds of up to 5,000 m·s-1.9, 

10  In a liquid-powder slurry, the shock waves produced cause the small particles to be 
accelerated to half the speed of sound, resulting in high velocity interparticle collisions.  These 
interparticle collisions generate temperatures of up to 3,000 K at the point of impact.11, 12  The 
interparticle collisions can cause dramatic changes in surface size, surface morphology, 
composition, and reactivity. 
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Figure 1.  (A) ML from sucrose crushed in air, crushed in dodecane, and sonicated in dodecane.  
The ML as a result of sonication is an order of magnitude more intense.  Emission lines are from 
N2 ( )gu BC Π−Π 33  and N2

+ ( )++ Σ−Σ gu XC 22 . (B) ML from resorcinol in hexadecane sparged 
with He.  Emission lines observed are from He (red squares), C2, CH, H, and He+ (~ 77 eV above 
the ground state of He). 



The intense shock wave launched from collapsing bubbles during the sonication of 
slurries allows for the study of chemical and physical events that occur when a solid is stressed 
or fractured.  One such event is mechanoluminescence (ML):  light produced by any mechanical 
action on a solid.13-15  ML has been studied for over 400 years, but much is still not known about 
it because the emission is inherently weak.16  Sonicating slurries of mechanoluminescent crystals 
(such as sucrose and resorcinol) in long chain alkanes has produced very bright ML, up to 1,000 
fold more intense than from manual grinding (Fig. 1).  The large increase in intensity has 
revealed a number of new emitting species including C2, CH, CO, CO+, CO2

+, H, and He+, many 
of which have not been reported before.17, 18  In addition, the emission products show that gas 
phase reactions are occurring within the plasma generated from the ML discharge.  In addition, 
the intense ML allowed the plasma to be characterized in terms of heavy atom temperature of     
~ 400 K, electron density of ~ 1014 cm-1, and electron energy of ~3.5 eV.  These conditions are 
very similar to other highly reactive microdischarges.19 

The discovery of very bright single-bubble sonoluminescence (SBSL) in concentrated 
sulfuric acid has expanded the parameter space of sonoluminescence.5, 20, 21  SBSL from sulfuric 
acid has shown the existence of a plasma during single-bubble cavitation, how non-volatile 
species enter the bubble and emit photons, and how the composition of the liquid and gas affects 
the sonoluminescence and the species available for reaction.   

 To further extend the knowledge of the conditions generated with in a cloud of cavitating 
bubbles, multi-bubble sonoluminescence (MBSL) of sulfuric acid has been studied.22   The 
MBSL spectrum from 95 wt % H2SO4 consists of a broad continuum extending into the UV with 
SO and Ar emission lines also observed (Fig. 2).  The Ar lines were used to determine an 
effective emission temperature of ~ 8,000 K, which is substantially greater than in other low 
vapor pressure systems (e.g., silicone oil, where MBSL emission temperature4 is only ~ 5,000 
K).  The observation of Ar lines at this temperature also indicates that a hot plasma core is 
probably generated during multi-bubble cavitation in sulfuric acid.  In addition, SBSL from low 
concentrations of organics dissolved in sulfuric acid has been investigated.23  The results of these 
studies have shown that the species in the interfacial layer of the bubble are important in 
determining the conditions reached and reactive species present within the bubble.  
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Figure 2.  (A) MBSL from 95 wt % H2SO4 saturated with Ar.  Emission lines are as marked.  
(B) Ar emission from MBSL along with best fit synthetic spectrum at 8000 K and line width of 
6.4 nm. 
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