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Annual Research Highlights

(1) “Mixed-valence cluster showing charge transfer
phase transition with reversed thermal hysteresis
loop”

We have synthesized a cyanido-bridged metal cluster
Fes[W(CN)g]s (FesWs) composed of ocyacyanotungstates
and iron ions, and revealed a charge transfer phase
transition with a reversed thermal hysteresis loop.

The green block crystals of were obtained. The
single-crystal X-ray structural analysis shows a spherical
cluster containing nine Fe and six W (Fig. 1). Differential
scanning calorimetry (DSC) indicated a first order phase
transition around 200 K. "Fe Mossbauer effect spectra
reveal the valence electronic states at high temperature
phase and low temperature phase, that is,
(HSFGH)7(HSF€“I)z(WIV)z(WV)4 and (HSFG“)3(HSFE‘“I)5(WIV)6,
respectively. This charge transfer phase transition was
also confirmed by temperature dependences of magnetic
susceptibility (y) and IR spectrum. In the room
temperature IR spectrum, the peaks at 2187 and 2164
cm?® were observed, while the band in the range of
2160-2080 cm™ dominated. This result suggests the
change of the valence state from WY to W'Y accompanied
with the decrease of temperature. In addition, the
temperature-dependent magnetic susceptibility shows the
change of the y value with a reversed thermal hysteresis
loop, corresponding to the charge transfer.
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Fig. 1 (a) Molecular structure of FesWs, (b)

temperature-dependent magnetic susceptibility (left) and the
change of the valence electronic state (right). 17 and 1HT
represent the low temperature phase and high temperature phase
of FegWs, respectively.

1.(1)-2) Chem. Commun., 50, 3484 (2014)

(2) Chiral photomagnet capable of 90-degree optical
switching wave front of second-harmonic light

Chiral-structured cyanido-bridged metal assembly of
Fe2[Nb(CN)g](4-bromopyridine)s-:2H,O (FeNb) has been
synthesized, and 90-degree optical switching the wave
front of second-harmonic light was realized.

FeNb has a three-dimensional structure composed of Fe
and Nb bridged by cyanides, and the crystal structure
shows the chiral space group of 14122 at room temperature
(Fig. 2a). In the compound, the magnetization can be
reversibly changed by alternative photo irradiations of 473
nm and 785 nm lights. The change of magnetization
enables the 90-degree optical switching of the polarization
plane of second-harmonic light. This is a new phenomenon
combining chirality and magnetic property.
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Fig. 2 (a) Crystal structure of (+) and (-) enantiomers of FeNDb,
(b) schematic illustration of the 90-degree optical switching of
the polarization plane of second-harmonic light.
1.(1)-1) Nature Photonics, 8, 65-71 (2014)

(2)  Metal-substituted  epsilon-ferrite  showing
high-frequency millimeter wave absorption

Metal-substituted epsilon-ferrite (e-InxFe2-x03)
nanoparticles have been prepared and their magnetic and
electromagnetic wave absorption properties were revealed.
In e-InyFe,O, the coercive field of Hc at 300 K is
decreased by the metal substitution, He = 21.9 kOe (x = 0),
12.2 kOe (x = 0.04), 11.6 kOe (x = 0.09), 7.8 kOe (x =
0.13), and 5.9 kOe (x = 0.18). As a result, the resonance
frequency showing millimeter wave absorption is also
decreased. This is due to the decrease of magnetic
anisotropy by the site-selective substitution from
magnetic Fe* (S = 5/2) to diamagnetic In3*(S = 0).

1.(1)-8) J. Appl. Phys., 115, 172613/1-5 (2014).
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