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Annual Research Highlights

(1)  “Rhodium-substituted  epsilon-iron  oxide
nanomagnets with a gigantic coercivity and high
frequency millimetre wave rotation”

Rhodium-substituted epsilon-iron oxide nanoparticles,
¢ -RhyFe,«Os3 (Fig. 1a), were synthesized by a method
using mesoporous silica developed in our laboratory. We
observed the molphology by using transmission electron
microscope (TEM) and studied the magnetic and
electromagnetic wave absorption properties.

The synthesized ¢ -RhiFe;«Os particles has an
average particle size of ca. 35 nm. The nanoparticles
show a gigantic coercivity of 27 Oe at room temperature.
In the case of particle-oriented sample prepared under an
external magnetic field, the coercivity increased up to 31
Oe (Fig. 1b). This large coercivity is derived from the
characters of nanoparticle, the crystal magnetic
anisotropy and single-domain. In addition, ¢ -RhFe; O3
exhibits frequency-dependent electromagnetic wave
absorption in a region of millimetre wave. The observed
resonant frequency of 209 GHz is extremely high. This is
the first example showing electromagnetic wave
absorption at such a high frequency (Fig. 1c). The
resonant frequency of particle-oriented sample reached
220 GHz, and the polarization plane of propagated
millimetre wave was rotated.
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Fig. 1 (a) Crystal structure of ¢ -RhxFe2xOs (b) External
magnetic field vs. magnetization plot of the particle-oriented
sample (c) Electromagnetic wave absorption spectra.
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(2) “Photomagnet with a huge coercive field and a
high Tc ”

The phase transition and photo-induced magnetization
effect of a cobalt-octacyanotungstate assembly were
investigated by infrared and magnetic measurement.

The powdered sample of  Co3[WY(CN)slz
(4-methylpyridine),(pyrimidine), 6H,O was prepared by
mixing the aqueous solution of Cs;[ WY(CN)s]2H,0 with
the mixed solution of Co''Cl-6H,0, 4-methylpyridine, and
pyrimidine (Fig. 2a). The temperature dependence of IR
spectra and the magnetic susceptibility revealed that the
present compound shows the phase transition based on
charge-transfer-induced spin transition between high-
temperature (HT) phase (3Co'h(S= 3/2)-2WVY(S= 1/2))
and low-temperature (LT) phase (2Co™s(S= 0) -2W'V(S=
0)-Co'hs(S= 3/2)). The field-cooled-magnetization (FCM)
curve of the LT phase showed the paramagnetic behavior,
and, after the photo irradiation of 785-nm light at 2 K,
FCM curve showed the ferromagnetic behavior with a
Curie temperature (T¢) of 48 K. The similar photo
switching effect was observed in External field vs.
Magnetization (M-H) curve, i. e., the LT phase shows the
paramagnetic behavior while, after irradiation, the
gigantic hysteresis with the coercive field (H:) of 27000
Oe was observed (Fig. 2b). These Tc and H. values are
the highest and the largest as a photo-induced magnet.

(@) '
__wgeggf#.,.foz..-#-“#%?

- o

IR

. A I - .
| 4-methylpyridine ¢ 7

03 < pyrimidine
® \
27000 Qe
o 6
c 3
S
S0
]
5 -3
s
6
9"

-60000 -30000 0 30000 60000
Field / Oe

Fig. 2 (a) The crystal structure and (b) M-H curve before (O)
and after (@) photo irradiation.
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