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Annual Research Highlights

(1) Development of non-contact detection method of
cesium ion using terahertz light

Based on a new concept that a heavy atom trapped in a
box would vibrate slowly (Fig. la), we conducted
terahertz spectroscopy and phonon mode calculations for
a cyanido-bridged manganese-iron complex
encapsulating cesium ions, and revealed that the trapped
cesium ions have a very low-frequency vibrational mode
which can be detected by terahertz light.

The cyanido-bridged manganese-iron  complex,
Cso.90Mn[Fe(CN)gJo.9s-1.9H20, has a three-dimensional
network structure with the cesium ions trapped inside the
cubic lattices (Fig. la). First-principles phonon mode
calculation for this material predicts that cesium ions
should have a very low-frequency vibrational mode of 1.3
THz. In fact, we observed an absorption at a very
low-frequency of 1.4 THz by terahertz time-domain
spectroscopy measurements (Fig. 1b). Furthermore, this
characteristic THz absorption band, originating from
cesium ions trapped in the cubic lattices of
cyanido-bridged manganese-iron complexes, can be
applied for a novel method to detect radioactive cesium
ions using terahertz light, a non-contact detection
approach in hazardous environments. Furthermore, the
cyanido-bridged manganese iron complex has a saturated
Cs adsorption capability of 511 + 55 mg/g, which exceeds
the value of Prussian blue, a well-known cesium
adsorbent.
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Fig. 1 (a) Schematic illustration and crystal structure of
Cso.90Mn[Fe(CN)gJo.93-1.9H20. (b) THz spectrum (left) and
calculated absorption spectrum from phonon mode calculation
(right) of Csp.goMn[Fe(CN)s]o.93-1.9H20.

1.(1)-1) Scientific Reports, 7, 8088 (2017).

(2) Magnetic film using Rh-substituted e-iron oxide
exhibiting the largest coercive field in the history
of ferrites

Ferrite magnets are used for various purposes due to
their chemical and thermal stability. However, their
magnetic coercive force is low, and further improvement
is desired. In this work, rhodium-substituted epsilon iron
oxide (e-Rho.14Fe18603) nanoparticles were dispersed in a
resin, and magnetic films were fabricated by magnetic
field orientation. The coercive field (Hc) reached 35 kOe
at 300 K (Fig. 2a). Conventional hard ferrite magnets,
such as barium ferrite, show low-temperature
demagnetization below 233 K. However, the developed
rhodium-substituted e-iron oxide magnetic film exhibits a
large coercive field of 45 kOe even at 200 K. XRD
pattern of the magnetic film of Rh-substituted e-iron
oxide showed a strong reflection at 35.2°, corresponding
to the 200 direction. Lotgering factor f (0 < f < 1), which
indicates the orientation degree of the crystals, was a very
high value of 0.96. This means that the a-axes of the
&-Rhg14aFe18603  nanoparticles are almost perfectly
oriented in the direction perpendicular to the film (Fig.
2b). The observed large coercive field is attributed to the
orbital angular momentum on the Rh ion originating from
the strong Fe—O—Rh hybridization.
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Fig. 2 (a) XRD pattern of e-Rho.1sFe180s magnetic oriented
film (left). Inset shows the schematic illustration of the film and
the crystal structure. Crystal orientation distribution in the
oriented film (right). (b) Magnetic hysteresis loop of the
oriented film at room temperature.
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