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The anodization of purple gold (AuAl2) in oxalic acid at low
voltage (5V) generated uniformly sized Au nanoparticles on the
substrate. The surface of the sample showed a characteristic col-
or after the anodization, which originated from the localized sur-
face plasmon (LSP) of Au nanoparticles. The samples with Au
nanoparticles could be applied as a substrate for the measure-
ment of surface-enhanced Raman scattering of molecules.

The fabrication of uniformly sized metal nanoparticles has
attracted increasing interest owing to their applicability to various
applications, such as catalyst,1 magnetic devices,2 or functional
optical devices.3 A functional optical device based on the local-
ized surface plasmon (LSP) is one of the promising applications
of nanoparticles. In the present report, we describe a new process
for the preparation of Au nanoparticles based on the anodization
of purple gold (AuAl2) and its application to the substrate for sur-
face-enhanced Raman scattering (SERS) measurement.4,5 AuAl2
is known as a typical intermetallic compound, which is character-
ized by its unique purple color. The anodization of AuAl2 in ox-
alic acid solution was found to generate the Au nanoparticles on
substrate. Although fabrication of Au nanostructures by chemical
or electrochemical etching of Au alloy has been examined,6 the
formation of a surface having nanoparticles has not been reported
so far. In the present work, the applicability of the obtained
structure for the SERS substrate was also examined.

AuAl2 alloy was prepared by melting high-purity Au
(99.95%) and Al (99.99%) at the atomic ratio of 1:2. The mixture
was melted by resistive heating in a vacuum environment. After
cooling, the surface of the sample was polished using alumina
paste (0.1mm). The anodization of AuAl2 alloy was conducted
in 0.3M oxalic acid under constant voltage using Al cathode.
The morphology of the anodized samples was observed by scan-
ning electron microscopy (SEM, JEOL JSM 6700F). The optical
property in the visible wavelength range was measured using a
spectrophotometer equipped with an integrating sphere (Hitachi
U-3500). Raman scattering spectra were obtained with JASCO
NRS-2000.

Figure 1 shows SEM images of AuAl2 alloys after anodiza-
tion in 0.3M oxalic acid at 5V. Figure 1a shows the surface of
AuAl2 after anodization at 5V for 30min. From the image, it can
be seen that fine particles emerged from a flat surface. The par-
ticles were uniformly dispersed on the sample and isolated from
each other. After anodization for 90min (Figure 1b), a layer of
larger nanoparticles was clearly observed. Enlarged image (in-
sertion in Figure 1b) revealed that the nanoparticles covered
ca. 50% of the surface, although the coagulation of nanoparticles
partially occurred. Mean size of the nanoparticles was ca. 30
nm. Anodization at higher voltage (20V) resulted in the forma-
tion of macroscopically rough and microscopically porous sur-
face.

Figure 2 shows the X-ray diffraction pattern of the sample
after the anodization. The strong peak at 2� ¼ 42:6� was as-
signed to the diffraction from (220) of AuAl2 (d ¼ 0:5998

Figure 1. SEM images of AuAl2 surface after anodization in
0.3M oxalic acid at 5V for (a) 30min, (b) 90min. Insert in
(b) is an enlarged image.

Figure 2. XRD pattern of anodized AuAl2 in 0.3M oxalic acid
at 5V for 90min.
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nm).7 The small peak at 38.2�, which was not observed before
the anodization (Figure S1),8 was assigned to the (111) plane
of cubic Au (d ¼ 0:4079 nm). This result indicates that the nano-
particles on the surface were crystalline Au. The detailed mech-
anism of the formation of Au nanoparticles is not clear at pres-
ent. However, it is assumed from these results that Au atoms,
which remained on the surface through the selective anodization
of Al, were rearranged and form nanoparticles on the surface to
reduce the surface energy.

The formation of Au nanoparticles on the AuAl2 substrate
led to a distinct color change. Figure 3 shows the reflection spec-
tra of the sample before and after the anodization. The spectrum
before the anodization corresponded to the characteristic purple
color of the AuAl2 alloy, whereas after the anodization, the de-
crease in the reflectance was observed at wavelengths longer
than ca. 500 nm. This decrease in the reflectance was attributed
to the absorption of the incident light by the LSP of Au nanopar-
ticles on the substrate.

The formation of the surface with the LSP of Au nanoparti-
cles could be applied to a substrate for the measurement of the
Raman scattering of molecules. Figure 4 shows the Raman scat-
tering spectrum of pyridine molecules adsorbed on the anodized
AuAl2. The clear peak at 1014 cm�1 was assigned to the ring
stretching band of the adsorbed pyridine molecules, while such
a peak was not observed on the surface of the AuAl2 before
the anodization and chemically dealloyed AuAl2 (Figure S2).8

This means that the efficiency of the Raman scattering was en-
hanced on the small Au particles. On the basis of this result,
it can be concluded that the substrate with Au nanoparticles
formed by the anodization of AuAl2 alloy can be applied to
the substrate for the SERS measurement. It has been also report-
ed that nanoporous gold can be applied to SERS substrate.9

However, Au nanoparticles formed by the anodization of AuAl2
in oxalic acid show distinct LSP adsorption in visible range. The
process presented here has the possibility to enormously enhance
the electric field intensity5,10 if the distance between the Au
nanoparticles was precisely controlled by optimization of anod-
ization conditions and composition of Au–Al alloy.

In conclusion, Au nanoparticles were fabricated on the sub-
strate by the anodization of AuAl2 alloy in oxalic acid at 5V.

The average size of the nanoparticles was ca. 30 nm after the
anodization for 90min. The obtained sample with small Au par-
ticles was applied to the substrate for the SERS measurement.
The simple process described in this work can be applied in var-
ious applications that require uniformly sized Au nanoparticles
on the surface.
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Figure 3. Reflection spectra of polished AuAl2 (dashed line)
and anodized AuAl2 in 0.3M oxalic acid at 5V for 90min (solid
line). The reflectance of the anodized AuAl2 was multiplied by
10.

Figure 4. Raman scattering spectrum of pyridine molecules ad-
sorbed on Au nanoparticles formed on AuAl2 by anodization in
0.3M oxalic acid at 5V for 90min. Excitation wavelength was
633 nm.
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