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A nanoear to listen into the silence

Gold nanoparticles detect tiny acoustic vibrations

How noisy is a walking flea? What sorts of sound waves are caused by motile bacteria? It is still a
vision to listen into this microcosm. But physicists at the Nanosystems Initiative Munich (NIM)
have recently managed for the first time to detect sound waves at such minuscule length scales.
Their nanoear is a single gold nanoparticle that is kept in a state of levitation by a laser beam.
Upon weak acoustic excitation the particle oscillates parallel to the direction of sound propagation.
The scientists led by Dr. Andrey Lutich, who is a member of Prof. Jochen Feldmann’s group at LMU
Munich, managed to detect such tiny displacements using a dark-field microscope and an ordinary
video camera. The nanoear is capable of detecting sound levels of approximately -60 dB. Thus, it is
about a million times more sensitive than the hearing threshold of the human ear, which by con-
vention is set at 0 dB.

The new method realized by the Munich physicists opens a new world to scientists: for the first time,
otherwise imperceptibly weak motions — minuscule sound waves — can be visualized. The scientists
developed the nanoear in two stages. “First, we validated the basic principle using a relatively strong
sound source” group leader Andrey Lutich explains. “In the second step we were able to detect sig-
nificantly weaker acoustic excitations.” The main element in both cases is a gold nanoparticle, 60 nm
in diameter, which is kept in levitation by a so-called optical trap using a red laser. Each of the ex-
periments was done in a small water drop on a cover slide.

In the first case, a needle serves as a sound source. It is glued onto a loudspeaker membrane and
emits sound waves towards the trapped gold particle. The scientists successfully detected the oscilla-
tions of the trapped particle optically using a dark-field microscope and an ordinary digital camera.
The recorded videos, each 30 seconds in length, clearly showed the particle oscillating parallel to the
propagation direction of the sound waves.

In a second step, the physicists used the so-called nanoprinting method to fix a small number of gold
particles on the cover slide. These particles are heated periodically using a green laser. As a result
they emit very weak sound waves towards the single levitating gold nanoparticle. The interaction
between the sound waves and the trapped particle is very weak. Therefore, the displacement of the
particle cannot be detected directly with available optical methods. The scientists used the mathe-
matical Fourier Transformation to obtain the frequency spectrum of the particle's motion. The physi-
cists could show that the frequency of the sound source is clearly enhanced in this spectrum. Control
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experiments in which the sound source is driven at varying frequencies confirmed this observation
and the high sensitivity of the nanoear.

“With our nanoear, we have developed a nanomicrophone that allows us to get closer than ever to
microscopic objects” Alexander Ohlinger, first author of the publication, explains. “By observing the
oscillations of a single gold nanoparticle, tiny movements can be detected.” In this way, the nanoear
could yield important information on the minute motions of cells, cell organelles or artificial micro-
scopic objects. Additionally, no high-end devices are necessary as only well-established methods are
used.
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Teaser:

How noisy is a walking flea? What sorts of sound waves are caused by motile bacteria? NIM physi-
cists at LMU Munich have for the first time managed to detect sound waves at such minuscule length
scales. Their nanoear is a single gold nanoparticle that is kept in a state of levitation by a laser beam.

Figure: see next page

Nanosystems Initiative Munich (NIM)
Dr. Birgit Gebauer (Presse- und Offentlichkeitsarbeit)
SchellingstraBe 4, D-80799 Munchen
Tel.: +49 (89) 2180 5091 Fax: +49 (89) 2180 5649
Mail: birgit.gebauer@Imu.de



Figure:

In future times the newly developed method might be able to detect sound waves produced by bac-
teria and other nano- and microobjects. Currently specifically emitted sound waves set a nearby sin-
gle nanoparticle in motion that is kept in levitation by a red laser. The nanoparticles motion is de-
tected by a microscope and a connected digital camera.
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