
 

A single-molecule laser nanospectroscopy
technique with micro-electron volt energy
resolution
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Illustration of developed single-molecule laser nanospectroscopy with
micro–electron volt energy resolution. We combined a narrow-line tunable laser
with scanning tunneling microscope (STM) to achieve μeV-energy and
submolecular-spatial resolution, and demonstrated the precise characterization
and visualization of individual quantum states of a single molecule. Credit:
Imada et al.

When molecules are excited, they can give rise to a variety of energy
conversion phenomena, such as light emission and photoelectric or
photochemical conversion. To unlock new energy conversion functions
in organic materials, researchers should be able to understand the nature
of a material's excited state and control it.

So far, many scientists have used spectroscopy techniques based on laser
light in research focusing on excited states. Nonetheless, they were
unable to use laser light to examine nanoscale materials, due to its
limitations in so-called diffraction. The spectroscopic measurement
methods applied to electron and scanning probe microscopes that can
observe substances with atomic resolutions, on the other hand, are still
underdeveloped.

Researchers at RIKEN, the Japan Science and Technology Agency
(JST), University of Tokyo and other Institutes in Japan have recently
developed a laser nanospectroscopy technique that could be used to
examine individual molecules. This technique, presented in a paper
published in Science, could open up new possibilities for the
development of various new technologies, including light-emitting
diodes (LEDs), photovoltaics and photosynthetic cells.
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"It is very difficult to observe substances at the atomic levels and directly
investigate the properties of the excited state of the substances, which
has been one of the obstacles in energy conversion research," Hiroshi
Imada, one of the researchers who carried out the study, told Phys.org.
"In this research, we combine scanning tunneling microscopy (STM)
with a laser spectroscopy to achieve high spatial- and energy-resolution
at the same time, and with that we could unveil the nature of molecules
with unprecedented precision."

The technique developed by Imada and his colleagues utilizes laser light
to drive the electromagnetic field of a localized plasmon formed in the
nanoscale gap between the STM tip and the metal substrate at a well-
defined frequency determined by the laser energy. The lateral dimension
of the plasmon field is approximately 2nm in diameter and smaller than
the minimum light spot in conventional optics by two orders of
magnitude. This field serves as a nanoscale monochromatic, tunable and
mobile excitation source.

"The key point in our research is that the frequency of the driven
plasmon is tunable by tuning the externally irradiating laser light," Imada
said. "The plasmonic field precisely tuned to the molecular resonance
turned out to be very effective to excite the single molecule under the
STM observation, that allowed us to perform nanospectroscopy with
micro-electron volt energy resolution."

While the technique developed by Imada and his colleagues is based on
fundamental spectroscopy methods, it could potentially open up new
research opportunities in the field of nanoscience. In fact, in contrast
with conventional STM spectroscopy techniques, their method does not
utilize tunneling electrons and is more similar to conventional laser
spectroscopy.

"We have proven that the plasmonic field can be a nanoscale laser spot
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with 1/100 spot size," Imada said. "We anticipate that many kinds of
laser spectroscopy can be realized with the extreme spatial resolution
based on our experimental setup, just by introducing new light sources
like short-pulse laser, frequency comb, synchronized two-pulses, and so
on.

In the future, the technique introduced by this team of researchers could
help to unlock specifically designed energy-converting functions in
organic materials, by allowing scientist to tune the energy levels of
molecular systems. Meanwhile, the researchers are planning to work on a
time-resolved version of their technique.

"It is known that there is a trade-off between time-resolution and energy-
resolution, but information about time-scale and energy-levels are both
very important to correctly understand the dynamic process taking place
in the excited state," Imada said. "We plan to develop ultra-fast
nanospectroscopy that is compatible with the precise nanospectroscopy
developed here to revolutionize the understanding of energy conversion
in molecular systems."

  More information: Single-molecule laser nanospectroscopy with
micro-electron volt energy resolution. Science (2021). DOI:
10.1126/science.abg8790

© 2021 Science X Network

Citation: A single-molecule laser nanospectroscopy technique with micro-electron volt energy
resolution (2021, July 28) retrieved 26 April 2024 from https://phys.org/news/2021-07-single-
molecule-laser-nanospectroscopy-technique-micro-electron.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://phys.org/tags/light/
https://phys.org/tags/excited+state/
https://phys.org/tags/energy/
http://dx.doi.org/10.1126/science.abg8790
http://dx.doi.org/10.1126/science.abg8790
https://phys.org/news/2021-07-single-molecule-laser-nanospectroscopy-technique-micro-electron.html
https://phys.org/news/2021-07-single-molecule-laser-nanospectroscopy-technique-micro-electron.html
http://www.tcpdf.org

