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Terahertz (THz) light is an electromagnetic wave with a frequency around 1 THz (10'? Hz).
THz frequency lies in the boundary region between radio waves and optical light and has
properties of both. As radio-wave, THz wave shows high permeability to soft materials such as
plastics and papers. On the other hand, as light, THz light shows rectilinear propagation, which
enables imaging using lenses and mirrors. In addition, the spectral information of THz light
from a material provides rich information about structure.

Spectra in the THz frequency region reflect material structures, and the spectra can be used as
"fingerprints" for materials. Since THz light can transmit soft materials, THz spectroscopy can
be used for nondestructive inspections. For example, in the field of safety and security
applications, the use of THz spectroscopy has been proposed for the non-invasive inspection
of illegal drugs in the envelopes using fingerprint spectra of chemicals. In the field of cultural
heritage protection, pigments underneath paintings are identified. In the field of infrastructure
aging inspection, corrosion under the coatings is detected.

Since such THz spectral structure originates in the intermolecular structures rather than
molecular structures, the spectral shape depends on the phase of materials. In the gas phase,
molecular rotation is observed; in liquids, rotational relaxation and libration are observed; and
in solids, intermolecular vibration and phonon bands are observed. For crystalline organic
materials, characteristic peaks reflecting the crystal structure are observed. Therefore, slight
changes in crystal structure or crystallinity can be directly observed from the spectra. For
example, THz spectroscopy can be used to monitor crystal polymorphism in the pharmaceutical
field and to observe the higher-order structure of polymers in the polymer field.

One of the characteristics of THz spectroscopy is its high sensitivity to water; the absorption
intensity of water in the THz band is quite high, making it possible to detect minute amounts
of water. The spectra of water in the THz region show rotational relaxation, intermolecular
vibrations, and libration, which provides information of the dynamics of water molecules. THz
spectroscopy can be used to observe the spectra of small amounts of water, such as bound water
in polymers, and to elucidate their dynamics.

In this talk, the fundamental of THz spectroscopy will be demonstrated, and the potential of
chemical applications of THz light will be discussed.
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