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Novel inorganic materials and devices that have new, useful or exotic features such as superconductivity, ferromagne-
tism and quantum spin ground state are synthesized and fabricated by novel methods. For example:

· Oxides containing transition-metal ions in unusually high-valence state.
· Nonequilibrium materials that can be obtained by high pressure method or epitaxial thin film deposition method.
· Inorganic nanomaterials with useful functionality such as superparamagnetism and quantum size effect.
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SrCo6O11 with Anomalous  
Magnetotransport Property

SrCo6O11 is a layered cobalt oxide with anomalous 
magnetoresistance, first synthesized using a high pressure 
technique in our group. It was found that SrCo6O11 
comprises itinerant electrons and Ising-like local spins of 
S = 2 on separate crystallographic sites, having strong 
interactions with each other. The spin structure at the 1/3 
magnetization plateau state was found to be ferromagnetic 
in the ab-plane and like ↑-↑-↓-↑-↑-↓ along the c-axis. The 
quick reorientation of the ferromagnetic layers from the 
↑-↑-↓ (M/M0 = 1/3; M0 = saturated magnetization) manner 
to the ↑-↑-↑ (M/M0 = 1) manner under magnetic field 
should result in a major change of the magnetic scattering 
of conduction electrons penetrating through the ferro-
magnetic layers, which explains the negative, sharp and 
two-stepped magnetoresistance.

Monodisperse and Highly Coercive  
L10-FePt Nanoparticles Dispersible in 
Nonpolar Organic Solvents

The FePt alloy with the L10 structure possesses a very 
high uniaxial magnetic anisotropy of ca. 6 × 106 J/m3, 
which is more than ten times as high as that of the 
currently utilized CoCr-based alloys. Superparamagnetic 
fluctuation of the room temperature magnetization can 

thus be suppressed even for particles of 3 nm in diameter, 
making an appropriate array of these nanoparticles to be a 
promising candidate for future ultra-high density magnetic 
recording media of >1 Tbit/inch2. The most basic requisite 
for the practical use would be the formation and the fixa-
tion of an array on a substrate with the magnetic easy axis, 
i.e., the tetragonal c axis, oriented normal to the substrate 
surface. Such a close packed triangular array structure 
may be formed through self-organization under an exter-
nal magnetic field if the L10-FePt nanoparticles could be 
dispersed in a polymer binder. We developed a method 
to prepare monodisperse and highly coercive L10-FePt 
nanoparticles which are dispersible in nonpolar organic 
solvents such as toluene, chloroform, and hexane. By 
vigorously stirring the SiO2-coated L10-FePt nanoparticles 
synthesized by the “SiO2-nanoreactor” method (Appl. 
Phys. Lett. 2005, 87, 032503) in a mixture of an aqueous 
NaOH solution, chloroform, and hexadecyltrimethlyammo-
nium bromide, the SiO2 coating was dissolved off and bare 
FePt nanoparticles could be extracted to the chloroform 
phase without degrading their magnetic properties. The 
present success may promote the practical application to 
ultra-high density magnetic recording and also may open 
the door to providing these particles with new physical 
and/or chemical functions.

Figure 2. TEM image of the L10-FePt nanoparticles.
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Figure 1. The crystal structure and spin structures of SrCo6O11.


