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(1) “Super high frequency natural resonance based on
rhodium-substituted epsilon-iron oxide”

Rhodium-substituted epsilon-iron oxide nanoparticles
(e-RhyFexx03, 0 < x < 0.19) were studied. The
nanoparticles were synthesized by a sol-gel method
developed in our laboratory. We revealed the magnetic
and electromagnetic wave absorption properties.

The obtained e-RhiFe,xOs nanoparticles have an
average particle size of ca. 20~30 nm. Rietveld analyses
based on the powder X-ray diffraction patterns show that
C site among the four kinds of iron sites (A, B, C, and D)
is selectively substituted by rhodium. The estimation of
size-dependent Gibbs energy suggests that the particle
size stabilizing the ¢ phase is limited compared with
e-Fe;03.  The  e-RhyFe,xO;  nanoparticles  show
electromagnetic wave absorption over 180 GHz.
Increasing the Rh substitution, the frequency of the
electromagnetic wave absorption becomes higher. In the
maximum substituted sample, &-RhgioFe110s, the
frequency reaches 222 GHz. This is a maximum
frequency of electromagnetic wave absorption among
magnetic materials. The electromagnetic wave absorption
in such a high frequency region is due to the large
coercivity of g-Rhgi9Fe18103 coming from the enhanced
magnetic anisotropy by the substitution of Rh.
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Fig. 1 (a) Crystal structure of e-RhxFe2xOs (b) Gibbs energy vs
particle size plot (c) Electromagnetic wave absorption spectra.
1-9 correspond to x = 0, 0.03, 0.05, 0.08, 0.10, 0.14, 0.15, 0.18,
0.19, respectively.
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(2) “Cyanide-bridged metal assembly with a
mixed-valence Co(11/111)-W(IV/V) state”

We have synthesized a cyanido-bridged metal
assembly  of  [C0"(H,0)]2[Co"{u-(R)-1-(4-pyridyl)-
ethanol}][W"V(CN)s][WY(CN)s]:5H,O0  (CoW). The
structural, spectroscopic and magnetic properties revealed
that CoW exhibits ferromagnetic ordering which possess
structurally distinguishable Co"(S = 3/2)-NC-WV(S =
1/2) and Co"'(S = 0)~NC-W'Y(S = 0) units in the crystal
structure.

The target compound of CoW was synthesized by the
reaction of CoCl,, (R)-1-(4-pyridyl)ethanol, and
Cs3[WVY(CN)g]-2H,0. X-ray single crystal structural
analysis, infrared spectrum (IR), X-ray photoelectron
spectroscopy (XPS), and density-functional theory (DFT)
calculation indicate that CoW belongs to a chiral space
group of P2; and possess both valence states of Co''(S =
0)-NC-W"™(S =0) and Co"(S = 3/2)-NC-WY(S = 1/2) in
crystallographically-distinct manner. CoW forms a
cyaniod-bridged three-dimensional chiral network based
on Co'-WV chains bridged by Co"' and W', In magnetic
measurements, CoW shows a Curie temperature of 11 K
and a coercive field of 1.5 kOe due to the ferromagnetic
ordering of Co" and WV. The origin of the magnetic
ordering is considered to be due to both the
superexchange interaction in the Co"-WV chain and
double exchange interaction between the chains.
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Fig. 2 (a) Crystal structure of CoW viewed from a-axis. (b)
Magnetization vs temperature plot of CoW under 10 Oe.
1.(1)-4) Cryst. Growth Des., 13, 5267-5271 (2013)
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