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Okayama University research: Metamaterial absorbers for infrared inspection technologies

(Okayama, 28 September) A metamaterial absorber capable of highly sensitive infrared
detection enhances the spectroscopy of tiny molecular details

Plasmonic metamaterials are man-made substances whose structure can be manipulated to
influence the way they interact with light. As such, metamaterials offer an attractive
platform for sensing applications, including infrared (IR) absorption spectroscopy - a
technique used to uncover details of the chemical make-up and structure of substances.

Now, Atsushi Ishikawa at Okayama University and his colleague (or collaborator), Takuo
Tanaka at RIKEN’s Metamaterials Laboratory, Japan, (Note: | just feel, not necessary to
emphasize “Tanaka at RIKEN”.) have fabricated a novel plasmonic metamaterial absorber
comprised of gold and magnesium fluorine capable of high sensitivity IR detectionl. The
metamaterial could prove invaluable in the development of next-generation IR inspection
technologies.

The researchers carefully designed their absorber to maximise the IR signal and minimise
background noise. The metamaterial consists of 50 nm gold ribbons on a thick gold film,
separated by a layer of magnesium fluorine (see image).

The wavelength of IR is longer and has less energy than visible light, meaning that it is not
strong enough to excite electrons, unlike other types of spectroscopy. IR absorption
spectroscopy therefore exploits the ability of IR to induce vibrations in bonded atoms.
Organic compounds will absorb IR radiation corresponding to the different types of
molecular vibrations present; the resulting absorption spectra tell scientists about the
unique chemical structure of the compounds.

To test the capabilities of the new metamaterial, the team decided to identify the stretching
vibrational modes of carbon-hydrogen bonds in 16-Mercaptohexadecanoic (16-MHDA) acid.
They dipped the absorber in 16-MHDA ethanol solution to encourage a self-assembling
monolayer of the acid molecules to develop. Under IR radiation at different incident angles,
the metamaterial-monolayer spectral output displayed distinct peaks corresponding to
carbon-hydrogen stretching, with the most pronounced peaks under IR at an angle of 40°.

The new metamaterial approach gave highly-detailed measurements pertaining to tiny
molecular details (at the attamole level) in the 16-MHDA monolayer. The researchers hope
their new technique will open doors to the development of ultrasensitive IR inspection
technologies for material science and security applications.
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Background

Metamaterials

The ability to manipulate the light absorption of materials could revolutionize many
technologies, such as photovoltaic cells and thermal devices. Research into the design and
development of plasmonic metamaterials is still relatively new. These materials are
synthetic, and scientists can design their surface structures to exploit the behavior of
surface plasmons — quasiparticles that exist on metal surfaces and interact with light —to
achieve tuneable optical properties.

Infrared absorption spectroscopy could be dramatically enhanced by the introduction of
tuneable metamaterial-based absorbers designed to enable high-resolution detection of
tiny molecular details.

Methodology

The metamaterial absorber built by the team comprised gold nano-ribbons (measuring 50
nm thick) on a gold film base, with a thin layer of magnesium fluorine separating the two
gold layers. As molecular monolayers self-assemble on noble metal surfaces, they
hypothesized that the gold-based metamaterial would prove a strong candidate for enabling
the high-resolution measurement of IR-induced vibrational modes in self-assembling
monolayers.

Their approach involved covering their metamaterial absorber with an ultrathin self-
assembling monolayer of 16-MDHA acid molecules. They also covered a bare gold film
sample with the same monolayer for comparison.

The researchers subjected the two monolayers to IR radiation at different incident angles.
The monolayer on bare gold exhibited a low signal-noise ratio, and it was very difficult to
see the absorption dips on the spectral output corresponding to the IR-induced carbon-
hydrogen stretching in the monolayer.

In contrast, the absorption dips were very well-pronounced in the spectral read-out for the
metamaterial-monolayer, because the vibrational modes of the 16-MHDA molecules
resonated with the plasmonic modes of the metamaterial. This so-called ‘resonant coupling’
produced distinct peaks corresponding to IR-induced carbon-hydrogen stretching in the 16-
MHDA molecular structure. The resonant coupling was dependent on the angle of the
incident light, with the clearest, strongest signal at an angle of 40°.

Future work

The researchers believe their absorber may open doors to new ultra-sensitive IR detection
technologies. Further, their technique could be exploited in other ways — by optimizing the
surface structure of other metamaterials, they could enhance resonant coupling still further
and enable sensitivities down to the zeptomole level.
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Figure caption

Researchers at Okayama University have created a new IR spectroscopic technique utilizing
the properties of a metamaterial-based absorber to enhance spectral output. Trials on a
self-assembling monolayer of 16-MHDA acid showed distinct peaks corresponding to
carbon-hydrogen stretching in the monolayer.
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https://www.youtube.com/watch?v=iDL1coqPRY!
Okayama University Image Movie (You Tube):
https://www.youtube.com/watch?v=_WnbJVk2elA
https://www.youtube.com/watch?v=KU3hOIXS5kk

Okayama University Medical Research Updates (OU-MRU)

Vol.1 : Innovative non-invasive ‘liguid biopsy’ method to capture circulating tumor cells
from blood samples for genetic testing

Vol.2 : Ensuring a cool recovery from cardiac arrest

Vol.3 : Organ regeneration research leaps forward

Vol.4 : Cardiac mechanosensitive integrator

Vol.5 : Cell injections get to the heart of congenital defects

Vol.6 : Fourth key molecule identified in bone development

Vol.7 : Anticancer virus solution provides an alternative to surgery

Vol.8 : Light-responsive dye stimulates sight in genetically blind patients

Vol.9 : Diabetes drug helps towards immunity against cancer

Vol.10 : Enzyme-inhibitors treat drug-resistant epilepsy

Vol.11 : Compound-protein combination shows promise for arthritis treatment
Vol.12 : Molecular features of the circadian clock system in fruit flies

Vol.13 : Peptide directs artificial tissue growth

Vol.14 : Simplified boron compound may treat brain tumours

About Okayama University

Okayama University is one of the largest
comprehensive universities in Japan with
roots going back to the Medical Training
Place sponsored by the Lord of Okayama
and established in 1870. Now with 1,300
faculty and 14,000 students, the University
offers courses in specialties ranging from
medicine and pharmacy to humanities
and physical sciences. Okayama
University is located in the heart of Japan
approximately 3 hours west of Tokyo by
Shinkansen.
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