SOLID STATE PHYSICAL CHEMISTRY

Annual Research Highlights

(1) “Development of a
spectroscopy”

depth-resolved XMCD

The magnetic depth profile of ultrathin films and
multilayers has been extensively investigated, because
the surface and interface often play important roles in the
magnetic properties of actual materials we have
developed a simple but effective depth-resolved XMCD
technique according to the following principle.

In the soft x-ray region, the x-ray absorption
spectrum is obtained generally by counting the Auger
electrons (and secondary electrons caused by them)
emitted at the core hole relaxation, the number of which
is proportional to the x-ray absorption intensity. The
electron escape depth changes depending on the direction
of emitted electrons. An imaging type MCP detector
allows us to record spectra with various probing depths
simultaneously. By taking the absorption spectra with
right and left helicities, we can obtain XMCD spectra.
We applied this technique to Fe/Cu(100) and
Fe/Ni/Cu(100). It was confirmed that the surface two
layers of the 7 ML Fe/Cu(100) are ferromagnetically
coupled, while the inner layers are in the spin density
wave (SDW) state at 130 K. The technique enables to
extract the XMCD spectra from the surface
ferromagnetic (FM) and inner SDW regions separately,
indicating that the FM/SDW interface has an antiparallel
magnetic coupling, and that the SDW region has the
bulk-like feature. For Fe/Ni/Cu(100), we have observed
magnetically live surface layers and some
thickness-dependent magnetic coupling between the Fe
surface and Ni film.
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Figz. 1 Fe L-edge XMCD spectra from Fe(5

ML)/Ni(6ML)/Cu(100) films taken with various detection
angles. The larger the angle is, the deeper the probing depth is.
The spectra indicate that the interface couples to the Ni layers
ferromagnetically and the  surface couples  anti-
ferromagneitcally.

1.(1)-1) Appl. Phys. Lett., 84, 936-939 (2004)

(2) “Preparation and characterization of highly
monodisperse FePd nanoparticles”

Magnetic nanoscale materials have attracted much
attention owing to their potential applications in
magnetic recording devices, medical diagnoses and
magneto-optical systems. Until now, a great deal of effort
has been devoted to prepare FePd nanocrystals via a wet
chemical method with binary or multiple surfactants,
such as trioctylphosphine oxide (TOPO)-TOP, hexadyl
-amine (HDA) -TOPO-TOP, adamantanelcarboxylic acid
(ACA)-HDA. However, the formation of highly mono-
disperse FePd nanocrystals has been barely succeeded.
We used a combination of ACA and alkylphosphine to
stabilize FePd nanocrystals. The chemical synthetic route
is based on the reduction of Pd(acac), (acac=acetyl-
acetonate) with hexadecanediol and thermal decomposi-
tion of Fe(CO)s. The mean particles size can be varied
from 11 to 16 nm by controlling the concentration and
type of stabilizers and reaction conditions. High
monodispersity of the FePd nanoparticles leads to the
formation of two-dimensional (2D) superlattices
consisting of hexagonal close-packed particles, which
was confirmed by x-ray diffraction pattern and
high-resolution transmission electron microscopic
(HRTEM) images. This route provides a promising
candidate for studying the magnetic properties of
nanosized FePd materials.

Fig. 2 (a) wide area TEM image, (b) high resolution TEM
image, (c)Fast Fourier Transform (FFT) and (d) electron
diffraction (ED) pattern of 11nm Fe,gPd;, nanoparticles.

1.(1)-2) Chemistry of Materials, 16, 5149 (2004)
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