Sonophotoluminescence: pyranine emission induced by ultrasound
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Sonoluminescence has been used to excite the water soluble
acid-base fluorescent indicator trisodium 8-hydroxy-
1,3,6-pyrenetrisulfonate, leading to light emission
(sonophotoluminescence) from the dye.

The acoustic driven collapse of microbubblesin solution results
in a phenomenon referred to as sonoluminescencel The
emission spectrum obtained from multibubble sonolu-
minescence (SL) in water is quite broad, ranging from 200 to
above 800 nm, with a maximum in the region of 250-350
nm.1-3 In addition to SL, emission stemming from the ground
state chemica reaction of ultrasonically generated oxidising
radicals with luminol has also been observed.# In the latter case
the spectrum obtained is similar to the chemiluminescence of
luminol.

The broad band emission from SL raises the question of
whether it can be conveniently used as an internal light source
to excite other moleculesin solution. To explore this possibility
we have examined the ‘trivial’ excitation of trisodium 8-hy-
droxy-1,3,6-pyrenetrisulfonate (pyranine, POH), by SL, and the
ensuing emission, which can be referred to as sonophotolumi-
nescence (SPL).

Details of the experimental system used are given else-
where.5 Briefly, amodified Undatim D-Reactor (515 kHz) was
fitted into the cavity of a spectrofluorimeter (Hitachi, F-4500)
and spectra recorded directly. A full scan (200-800 nm) could
be measured in ca. 2 min. The sonication of the agueous
solutionswas carried out in pulsed mode using 4 ms pulseswith
al:3duty cycle. The reactor was operated at ca. 15 W into 50
ml solutions. Under these conditions the temperature rise of the
solutions sonicated was ca. 1° min—1.

All solutions were made with Milli-Q water and used on the
day of preparation. Pyranine was obtained from Molecular
Probes Inc. and used as received. The UV-VIS spectrum of
pyranine in water agreed with that reported by others.é The
temperature of the solutions remained in the range of 2025 °C
while spectra were recorded.

Pyranine is a highly water soluble compound with well
characterised photophysical properties.®.7 Its chemical structure

is shown below.
HO : SO3~
SO3~ SOz

POH

Pyranine has a ground state pK, = 7.2 but on excitation
pKs* = 0.5.7 Itsexcited statelifetimeisalso sufficiently long (5
ns) such that deprotonation occurs over awide pH range.” It is
only when the pH is < ca. 2 that the emission from the POH*
form begins to dominate. These photophysical properties of
pyranine are evident in the absorption and fluorescence spectra
(Fig. 1), at pH values above and below its ground state pKa.

Fig. 2 shows the emission observed when pyranine solutions
(at several pH values) are sonicated. These spectra can be
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Fig. 1 Emission spectra (dex = 350 nm) of 0.1 mm pyranine in water at
various pH. Insert shows the absorption spectra obtained from the same
solutions. Emission and absorption spectrawere measured in standard 1 cm
pathlength cuvettes. (Emission spectraare uncorrected.) pH = 10.7 (H), 6.4
©), 0.7 (O).

compared with the equivalent pH fluorescence spectrashownin
Fig. 1. Close correspondence of thetwo sets of spectraisevident
athough there are some differences. Fig. 3 directly compares
the standardised fluorescence and SPL from pyranine at
pH = 6.4. Also shown isthe SL signal obtained from water in
the absence of pyranine. As can be seen, the SPL signal is
slightly broader than the fluorescence band with a shoulder at
450 nm. The broadness and the shoulder are both due to the
residual SL emission that has not been absorbed by ground state
pyranine. It can be seen from Fig. 1 that at pH = 6.4 thereisno
substantial light absorption by ground state pyranine above ca.
440 nm.

At a pH of 10.7 all the pyranine exists in its ionised form,
PO—, and its absorption spectrum extends to ca. 500 nm
(Fig. 1). Under these conditions al of the SL is absorbed at
wavelengths below 500 nm and therefore the shoulder seen at
450 nm is no longer present.

At pH = 0.7 the reaction,

PO—* + H* — POH* )
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Fig. 2 Sonophotoluminescence of 0.1 mm pyranine in water at various pH.
The emission is produced in a4 cm diameter cell using a 3.5 cm diameter
transducer plate. (Emission spectra are uncorrected.) pH = 10.7 (W), 6.4
©), 0.7 (O).
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Fig. 3 A comparison of the fluorescence and SPL spectra of pyranine at
pH = 6.4. Theintensity maximaof the bands have been normalised to allow
abetter comparison. Under the quite different excitation conditions used the
fluorescenceintensity is ca. 600 times stronger than the SPL. Also shownis
the SL from water. The intensity is on the same scale as that of the SPL.
(Emission spectra are uncorrected.)

prevents emission from the PO—* form and the emission
recorded is a combination of SL and SPL from the POH*
Species.

In order to confirm that it is sonoluminescence that excites
pyranine and not some thermal activation from heat leaking
away from the acoustically collapsed bubble some experiments
were carried out in the presence of butan-1-ol. Butanol has been
found to quench the SL intensity from water> while enhancing
sonochemical reactions in solution.82 The latter indicates that
bubble collapse in the presence of butanol still occurs and local
heating till produces radicals that are responsible for the
chemical reactions in solution.

Fig. 4 shows the effect that 0.1 m of butan-1-ol has on
pyranine fluorescence and its SPL signal. It can be seen that
butanol has a minimal effect on the fluorescence signal but
amost completely quenches the SPL emission. This is con-
sistent with butan-1-ol quenching the SL and hence eliminating
photon excitation of pyranine.

The results presented clearly show that SL can be used to
excite solution solutes. One of the advantages offered by this
method is that no external light source is required and photon
excitation can, in principle, be achieved in optically opaque and
remote sites. For example, photosensitizing drugs within a
human body could be activated using SPL generated by an
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Fig. 4 Sonophotoluminescence spectra of 0.1 mm pyranine in water in the
absence (O) and presence 1 of 0.1 m butan-1-ol at pH = 6.4. Insert shows
the fluorescence spectra (Ae = 350 nm) of the same solutions. (Emission
spectra are uncorrected.)

ultrasound source external to the body. We note also that since
sonoluminescence is observed in awide range of liquidst.10.11 jt
should be possible to generate SPL in systems other than
water.
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