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Fig. 1 Schematic illustration of the metal nanoparticles stabilized by linear polymer and surfactant. The metal nanopar-

ticle shows truncated octahedron structure.
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Fig. 2 Size distribution of PAAHC-Au nanoparticles. The solid
line represents the fitting curve by assuming the log-normal
function. (inset) TEM image of Au nanoparticles protected
by PAAHC. Mean diameter of the sample is 1.9 nm. Scale
bar is shown in the image.
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Fig. 3 XMCD and XAS spectra at Au L;- and L,-edge with applying magnetic field of 10 T. XMCD spectra are normal-
ized so that the height of edge jump of XAS spectra (solid lines) are unity. Red solid lines represent XMCD spec-
tra with applying magnetic field of 10 T while dotted line indicates XMCD signal with opposite direction of ap-
plying magnetic field, implying observed signal is not artificial effect.
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Fig. 4 XMCD peak intensity of PAAHC-Au as a function of ap-
plying magnetic field and magnetization process obtained by
SQUID magnetometer. The integral of the peak intensity
yields similar results. Dotted line is the fit to the data assum-
ing a Langevin function plus a linear field-dependent term.
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Fig. 5 Temperature dependence of XMCD peak intensity at 10 T

recorded at Au Ls;-edge and temperature variation of mag-

netization measured by SQUID magnetometer at 7 T. Dotted

line is the fit to the data assuming superparamagnetism
model.
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XMCD study of ferromagnetic spin
polarization in Au nanoparticles

Yoshiyuki YAMAMOTO School of Materials Science, Japan Advanced Institute of Science and
Technology (JAIST)
1-1 Asahidai, Tatsunokuchimachi, Nomigun, Ishikawa 923-1292, Japan

Hidenobu HORI School of Materials Science, Japan Advanced Institute of Science and
Technology (JAIST)
1-1 Asahidai, Tatsunokuchimachi, Nomigun, Ishikawa 923-1292, Japan

Abstract Bulk gold metal is chemically inert and it is believed that gold is the most stable metal in nature for
this reason. However, these properties might be different in the nano-sized region because the electronic
structure may be modified significantly. Strikingly, superparamagnetic behavior has been reported for gold
nanoparticles stabilized by a polymer for diameters below 3 nm, although bulk gold metal has non-magnetic
(diamagnetic) properties. However, this observation is somewhat ambiguous because conventional magneto-
metry may include magnetization from trivial origins such as magnetic impurities. Therefore, it is essential to
selectively measure the magnetization of gold atoms to prove that their magnetism is intrinsic. This article
reports the first direct observation of ferromagnetic spin polarization of Au nanoparticles with a mean diameter
of 1.9 nm using X-ray magnetic circular dichroism (XMCD). Owing to the element selectivity of XMCD, only
the gold magnetization is explored. Magnetization of gold atoms estimated by XMCD shows a good agreement
with the results obtained by conventional magnetometry. This result is evidence of intrinsic spin polarization in
nano-sized gold.
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