SOLID STATE PHYSICAL CHEMISTRY

Annual Research Highlights

(1) e-AlLFe; O;: an advanced nanomagnets
exhibiting millimeter-wave absorption

In this work, aluminum-substituted epsilon-phase
iron oxides, e-AlFe,,O3 (0 < X < 0.66) were
chemically synthesized as nano-sized particles. These
materials absorbed millimeter-wave from 94 GHz (x
=0.66) to 182 GHz (X = 0) at room temperature (Fig.
1(a),(b)), whose resonance frequencies were the
highest among magnetic materials. These absorptions
are due to the natural resonance achieved by the large
magnetic anisotropies in this series. (Fig. 1(c)). This
series of new materials have strong potential in
industrial applications of millimeter-wave absorbers,
and millimeter-wave devices such as millimeter-wave
isolator (Fig. 1d).
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Fig. 1. (a) Schematic illustration of millimeter-wave
absorption in g-AlFe, O3 (0 <X < 0.66). (b) Absorption
vs. frequency in e-AlFe; Os. (c) Schematic illustration
of natural resonance due to the gyromagnetic effect. (d)
Potential application of millimeter-wave absorber for
next-generation fast wireless communication.

1.(1)-1) J. Am. Chem. Soc., 131, 1170-1173 (2009);
this topic was also adopted in BBC radio, newspaper,
and scientific magazines such as 4.-1), 9), and 11) —
16).

(2) Magnetization-induced second harmonic
generation in molecule-based magnets

Magnetization-induced second harmonic
generation (MSHG) was observed in the single
crystal form of chiral ferromagnet, [N(CHj3)
(n-C3H7)2(CH(CH;)C,Hs) | [MnCr(1-C,04)5] (Fig.
2(a)). At room temperature, strong second harmonic
generation (SHG) was observed. Below Curie

temperature (T¢), SH intensity was increased and the
change of the polarization of the second harmonic
light along with the inversion of magnetic direction
with an angular shift of 13.1° (Fig. 2(b),(c)) was
observed. Above T, the space group of the
compound is P63, which is SHG active. Below T, the
magnetic space becomes P2’;, due to the magnetic
ordering. Since the magnetic term of the SHG tensor
changes its sign along to the magnetization, the
angular shift occurred. This is the first observation of
MSHG from a chiral magnet.

We were also observed MSHG from pyroelectric-
ferromagnet, [{Mn"(H,0),}{Mn" (pyrazine)(H,O),}
{Nb"Y(CN)s}]-4H,0.
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Fig. 2. The chiral magnet [N(CH;)(n-C;H;),(CH(CHj;)
C,H;5)|[MnCr(u-C,04)3]: structure (a), magnetization vs.
temperature (10 Oe) (b), and temperature dependence of
SH intensity (c).

1.(1)-4) J. Am. Chem. Soc., 131, 16838-16843 (2009);
1.(1)-15) CrystEngComm, 11, 2051- 2053 (2009).

(3) Vanadium octacyanoniobate-based magnet
with a high Curie temperature

Octacyanometalate-based magnets have received
much attention. Octacyanometalates [M(CN)g]™ (M =
Mo, W, Nb, etc.). Up to date, several octacyano-
niobate-based magnets have been reported. In this
work, we prepared a three-dimensional vanadium
octacyanoniobate-based magnet, Ko 10V %54V, 54
[Nb"V(CN);]5(SO4)0456.8H,0.  This  compound
exhibits ferrimagnetism with a T¢ of 138 K, which is
the highest among 4d and Sdmetal-based complexes.

1.(1)-8) Inorg. Chem., 48, 4604-4606 (2009).
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