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The generation of intense cavitation luminescence flashes by the use of an improved U-tube apparatus is
presented. The light flash was characterized by its high energys,1.4 mJd and long durations,200 msd that
allowed the time-resolved spectrum to be measured for a single flash. The C2 molecular vibrational band
emission superimposed on a continuum background spectrum was observed and found to be delayed in time
with respect to the background emission. The dependence of pulse width on the luminescence wavelength and
the coincidence of the surface brightness with the blackbody radiation behavior suggest the blackbody mecha-
nism of the luminescence.
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Cavitation luminescence, i.e., light emission from an im-
ploding gas bubble in a liquid, is characterized by the great
focus of energy. A widely used technique to create cavitation
luminescence is to pass an acoustic wave through a liquid,
which can induce multibubble sonoluminescence(MBSL)
[1] or single-bubble sonoluminescence(SBSL) [2]. Observa-
tions of luminescence from the collapse of bubbles without
any acoustic field involved have also been reported, such as
the tube-arrest method, the venturi tube method, the cavita-
tion induced by laser, and the electrical discharges method
[1]. These types of cavitation luminescence were sometimes
also called sonoluminescence(SL), irrespective to the way of
cavitation creation.

The physics involved in the cavitation luminescence pro-
cess is still in debate and several radiation mechanisms have
been proposed[2,3]. Temporal and spectral characterizations
of the cavitation luminescence events are essential for testing
the proposed models for the cavitation generation. For ex-
ample, if the luminescence were the blackbody radiation
from an adiabatic compression of gas bubbles, one would
expect that the luminescence pulse width is larger in the red
than in the ultraviolet spectral regions. However, the pulses
from SBSL, which are now extensively studied, are in gen-
eral extremely weaks,106 photons/ flashd and very short
lived s,10−10 sd, this in addition to the 100 ps jitter in the
synchronization electronics make the accurate measurements
of the time-resolved spectra to be extremely difficult. Fur-
thermore, the narrow allowance for the settings of driving
parameters to ensure a stable SBSL has also impaired the
attempt to obtain more intense pulses[4,5].

In this paper we present an experimental approach that is
capable of generating a single flash that is intense enough for
the time-resolved spectroscopic measurement. We adopted
and improved the U-tube conical bubble device that was
originally employed by Leightonet al. [6]. As shown in Fig.
1, a U tube was half filled with 1,2-propanediol, and empty
space in both arms was charged with argon. A gas inlet valve
was attached to the end of the left arm, whereas the other end
of the tube was terminated with a hollow cone structure hav-

ing a 60° angle. For optical detection a 1.5-mm-diam hole
was opened at the apex, and was sealed by a quartz window.
To ignite a luminescence flash, argon inside the arms was
first evacuated to a desired pressure(the initial pressureP0)
before closing the regulation valves, external argon at 1 bar
was then introduced from the gas inlet valve exerting a pres-
sure on the liquid and moving it rapidly to the right. Gas in
the right arm was thus compressed and collapsed violently
into the apex of the cone to generate luminescence. In this
way, a single flash is intense enough to be visible by naked
eyes in a bright environment, and can even act as the flash to
illuminate an object for taking ordinary photography.

The excitation method used in this experiment was quite
different from conventional SL, hereafter, we would like to
call it conical bubble luminescence(CBL). Compared with
Leighton’s work, the key improvement of the present experi-
mental scheme is the larger volume of gas, i.e., about 120 ml
in the right arm before the mechanical compression. There-
fore, the strong light emission would possibly originate from
the large quantities of inert gas. Furthermore, in Leighton’s
work, water was used as the working medium; the initial
pressure of the bubble would be larger than 2000 Pa(the
vapor pressure of water). In the present work, 1,2-

FIG. 1. Experimental setup. The stainless steel tube is U shaped,
40 cm in height, and 2.6 cm in inner diameter.
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propanediol, with a vapor pressure about 10 Pa was used, the
initial pressureP0 (300 or 1000 Pa) would be mostly due to
inert gas and lower than that in Leighton’s work. The rela-
tively lower initial pressure would then induce a larger com-
pression ratio and hence much stronger light emission.

When the apparatus was operated at an initial argon pres-
sure ofP0=1000 Pa, a precise optical power meter(Yakowa
3292, Japan), whose detector is 10 mm in effective diameter
and sensitive to the spectral range of 400–1100 nm, mea-
sured a single flash energy of 21 nJ. To avoid overexposure,
the detector was 65 cm away from the observed window.
Assuming a uniform distribution of the optical radiation in
the solid angle of 4p, the light energy of a single flash is
estimated to be 1.4 mJ. Taking an average photon energy of
2.0 eV the overall photon flux is then estimated to be,5
31015 photons/ flash, a value that is nine to ten orders of
magnitudes higher than that of a typical SBSL pulse, i.e.,
105–107 photons/ flash[2].

The luminescent bubbles were photographed through the
observation window, as shown in Fig. 2. The color of the
CBL changes from orange red to bluish with decreasing the
initial pressure. If the color of the luminescence represents
the temperature of the gas, we are actually able to control the
temperature in the cavitation bubble simply by changing the
gas content in the bubble. In each photo the luminescent area
holds a part of the observation window, and shows the
bubble size at its maximum brightness. The viewed bubbles
were in irregular shape and have certain structures. Obvi-
ously, the bubbles were neither simple single bubbles, nor
bubble clouds consisting of many tiny bubbles. The diameter
of the bright regions was about 1.3 mm, which was almost
independent of the initial gas pressure.

Streak cameras have been used to measure the pulse
shape of SBSL pulse[7]. In this paper, we use the streak
camera combined with a polychromator to measure the time-
resolved spectra of CBL. Figures 3(a) and 3(b) show two
representative time-resolved spectra for two individual lumi-
nescence events at the initial pressureP0=300 and 1000 Pa,
respectively. Although the spectra extend from ultraviolet to
infrared, only a limited ranges445–557 nmd could be re-
corded for a single flash, owing to the limitation of the spec-
trometer. Three spectral bands superimposed on a continuum
background are clearly seen in the spectral image, which are
originated from thed3Pg→a3Pu transition of C2 and re-
ferred to as the Swan bands[8], and are peaked at 470, 515,
and 555 nm, corresponding to the vibrational manifold of
Dn= +1, 0, and −1, respectively. Certain spectral lines of
radical species such as CH, CN, and OH were also observed

in other spectral windows at underP0=300 Pa. The typical
duration of a CBL pulse is about 300ms with a full width at
half maximum(FWHM) of 150 ms. Comparing two cases of
different initial pressure, it is clear that a higher initial gas
pressure results in a stronger continuum and also a stronger
total light intensity, while the Swan bands dominate the spec-
trum at a low initial pressure.

As shown in Fig. 4, we analyzed the temporal behavior of
the streak image forP0=1000 Pa[Fig. 3(b)]. For the con-
tinuum of the light pulse, the quantitative fit to a blackbody
spectrum is so good that one is tempted to conclude that
CBL, at least for the rising part, is due to blackbody radia-
tion. There is the possibility that CBL is a pseudoblackbody
radiation. In this case, insight into the light-emitting mecha-
nism cannot be obtained without additional information. The
conditions to generate the blackbody require matter-radiation
equilibrium. The 200ms luminescent time and large inert gas
volume in CBL seem better satisfied the conditions than that
in SBSL, whose pulse width is about 10−10 s and lumines-
cent radius is about 0.2ms [9], which is comparable to the
wavelength of visible light.

The dependence of the pulse width on optical wavelength
had been studied for SBSL[9,10], in which no wavelength
dependence was observed. This is contradictory to the black-
body emission model of adiabatic compression, which other-

FIG. 2. (Color) Photographs of the luminescent conical bubbles
generated at initial pressures 300(a) and 1000 Pa(b), respectively.

FIG. 3. (Color) Time-resolved spectra of two single lumines-
cence events recorded with a streak camera(C2809/M1953,
Hamamatsu Phonics) at initial pressures 300 and 1000 Pa, respec-
tively. The emission was collected with a quartz fiber, and sent to a
polychromator(Photonics C5094, Hamamatsu Phonics) before ar-
riving at the photocathode.
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wise would result in an increase in pulse duration for a
longer wavelength. The temporal evolutions of a single CBL
pulse at three different wavelengths in Fig. 3(b) are displayed
in Fig. 5(a), showing clearly such a wavelength dependence.
Therefore, the analysis of the present experimental results
based on blackbody theory would be reasonable and it is
possible that the radiation mechanism of the CBL and SBSL
is different.

To further examine the radiation mechanism in this ex-
periment, the Stefan-Boltzmann law on blackbody radiation,
E=psR2T4Dt, was used to estimate the CBL intensity. The
time evolution of spectroscopic temperature obtained based
on the time-resolved spectra[Figs. 3(b) and 4] is shown in
Fig. 5(b). Taking an averaged temperatureT<3000 K, time
duration Dt<100 ms, and using the bubble diameter of
1.3 mm, which is roughly estimated from the photograph of
the luminescent area(Fig. 2), as well as the Stefan-
Boltzmann constants, we obtained a total energy of 2.4 mJ.
Since the measured emission energy, i.e., 1.4 mJ, was con-
tributed by the radiation in 400–1100 nm, it is in good
agreement with the calculated value. Thus the radiation en-
ergy calculation also shows some consistency with the black-
body radiation mechanism for the high initial pressure case
in the present work, and further suggests that the blackbody
picture would be validity.

Didenkoet al. suggested that both the molecular and the
background continuum emission in MBSL are due to the
emission from the small hydrocarbons species formed during
the bubble collapse[11]. In the present case of CBL, how-

ever, the dependence of the intensity of the continuum radia-
tion on the initial noble gas pressure and the relative delay of
the molecular emission with respect to continuum suggest
that the continuum is mainly generated from the noble gases.
The featureless continuum associated with SBSL is generally
believed to be originated from the hot inert gas, while the
discrete bands with MBSL are from radical chemilumines-
cence. Therefore, the relative delay of the two different types
of spectra resolved in a single flash event might provide a
spectroscopic link between the SBSL and the MBSL.

It is interesting to ask why the molecular radiation de-
layed in time with respect to the continuum spectra. Gener-
ally speaking, organic liquid can be pyrolyzed into small
hydrocarbons at about 3000 K. The time scale of generation
and emission of excited stateC2

* is about 5 ns[12]. As shown
in Fig. 4, the Swan bands do not appear until the inert gas
blackbody temperature reached 3800 K, which was about
50 ms after the moment of 3000 K. Such a long delay in the
appearance of C2 bands could not be explained by the re-
quired chemical reaction time from the organic liquid vapor
existed inside the bubble.

An alternative explanation is that the Swan bands were
from the relatively cooler boundary layer near the bubble
wall and the delay was caused by the time of the organic
liquid near the wall to evaporate. However, the irregular lu-
minescence shape shown in Fig. 2 reminds us of another
possibility that the bubble near its minimal size breaks into
sub-bubbles. It is then likely that the the organic molecules

FIG. 4. Temporal evolution of the luminescence spectra ex-
tracted from the streak image in Fig. 3(b) along with the fitting
curves based on the blackbody radiation formula.

FIG. 5. (a) SL pulses at different probe wavelengths obtained
from Fig. 3(b). (b) Calculated blackbody temperature as a function
of delay time.
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enter the gas bubbles during the breaking process at this
moment. This explanation can also explain the larger off
track of the blackbody fit of the background continuum when
the molecular emission appears(Fig. 4, 161 and 199ms). In
addition, the regression of the fit at 237ms suggests that
sub-bubbles reaggregated and then merged into larger
bubbles again.

On the basis of molecular emission theory, the C2 emis-
sion can be used to estimate the temperature of the lumines-
cent bubbles generated in organic liquids[11]. In the case of
P0=1000 Pa, the calculated temperature by comparison of
the interband intensities of the +1 and 0 vibrational bands is
,4000 K at 237ms, which is higher than the 2900 K black-
body emission temperature as estimated from the back-
ground continuum(Fig. 4). A possible explanation for the
above temperature discrepancy is that chemical reactions in-
side the bubble broke the thermal equilibrium as they con-
sume thermal energy.

The highest photon flux of a single cavitation lumines-
cence pulse that has ever been achieved is 3
3108 photons/ flash as obtained by the use of the water
hammer method[13]. The present method is similar to the
water hammer method in a sense that both of them compress
a volume of gas at cubic centimeter scale against a solid
surface. However, in the process of water hammer action the
gas to be compressed is extracted from the liquid and the
amount is much less compared to that in the conical bubble
scheme. Furthermore, before collapse, the bubble rapidly ex-

pands to its maximum, and thus the starting gas temperature
would be much lower than room temperature under the adia-
batic condition. To the opposite, in the conical bubble
scheme the working gas was initially at its maximum volume
and at room temperature, therefore both the amount of gas
and the initial internal energy may contribute to the ultra-
bright luminescence.

In conclusion, a type of cavitation luminescence, with
very different time scales, liquids, temperatures, geometries,
and presumably physical processes has been reported. Com-
pared with other kinds of cavitation luminescence, the
present CBL generation merits in its brightness, which al-
lows easier spectroscopic characterization, and in its versa-
tility, i.e., the working media for the CBL test can be, in
principle, any liquids and gases. Furthermore, parameters
such as gas components, initial pressure, and temperature are
all controllable; this would allow a significantly larger
chemical reaction volume with adjustable conditions, which
is ideal for the study of reactions under the extreme condi-
tions.
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