% 42 % 11 a5 TR 2013 4 11 A
Vol.42 No.11 Infrared and Laser Engineering Nov.2013

Self-assembled Au nanoparticles arrays by porous anodic alumina
oxide and optical properties

Wang Yingwei, Wang Fei*?, Fu Liping®, Fang Jingyue?, Wang Guang? Chang Shengli?, Zhang Xueao?

(1. College of Physics and Electronics, Central South University, Changsha 410073, China;
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Abstract: Using vacuum deposition and subsequent thermal dewetting, Au nanoparticles ordered array
were fabricated on the conventional ordered porous alumina template. Here, a self —assembled two -
dimensional Au nanoparticles arrays was demonstrated, which consisted of several gold nanoparticles
around every hole on the surface of porous alumina template. Furthermore, second anodized and widen
diameter time influence on templates formed were investigated. During the fabrication of template, first
anodization played guiding role for second anodization, and the diameter of hole direct was proportion
with the widen diameter time. It also found that the form of Au nanoparticles arrays depend on the
thickness of Au film. At last, optical properties for the material was test. Strong absorption peaks of the
UV -visible absorption spectrum due to the surface plasmon resonance of Au nanoparticles were observed.
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0 Introducton

Nano -structures made of noble metals have
attracted much interest during the past decades due to
their wide use in many areas, such as in catalysis -2,
sensing B9 data storage © and biological related region ™.
Ordered metal nanoparticles arrays always perform
dramatic properties, especially optical characteristics.
In recent years, self —assembled Au nanoparticles

have been widely studied in localized surface
plasmon resonance (LSPR)®-% surface -enhanced raman
scattering (SERS)°-2land metal -enhanced fluorescence
(MEF) B, Simultaneously, various self —assembled
methods have been develeped, such as placement using
physical templatest-*9! self -assembled monolayers! -
electrostatic templates™-*! DNA -programmed®-*1 and
other strategies . While the challenge remains of
obtaining an ordered array over a large area. Here,
we dem onstrated the large area fabricaton of Au
nanoparticles array in low cost, high throughput and
high efficiency. Porous anodic alumina oxide was
ideal self -assembled templates as  reported
previously™®-#1, First, we got self-assembled templates
with 80 nm diameter and 20 nm wall —thickness by
Then, the

deposition of a thin gold film onto substrates by

conventional  fabrication technology.
vacuum deposition, and followed thermal annealing in
tube furnace. In this paper, we investigated several
influence factors during the fabrication of self -
assembled templates and the effect of thickness on
array  formation. The  fabricated
exhibit

properties, which are important for many plasmonics

nanoparticle

nanostructures excellent optical absorption

applications. It also demonstrated a very simple
technique for rapid and large -scale assemble of

nanoparticles.

1 Experiment

1.1 Materials
The film of high-purity aluminum(99.999%, 0.5 mm

thickness), spun gold (99.999%, 0.3 mm diameter),
acetone, ethanol, perchloric acid, oxalic acid, sodium
hydroxide, phosphoric acid and chromium trioxide. All
chemicals are wused as received without furture
purification.
1.2 Fabrication of porous anodic alumina oxide
Prior to anodizing, high -purity aluminum foils
was annealed under nitrogen atmosphere at 500 °C for
4 h. The tailored polished foils of a square area 2 cm?
degreased in acetone and washed in absolute alcohol
and deionized water successively. Subsequently, the
foils were electropolished in a 1:4 volume mixture of
perchloric acid and ethanol at 16 V voltage at 20 C to
diminish the roughness of the alumina foils surface.
Ordered porous anodic alumina oxide were
prepared through two -step anodizing electrochemical
procedure.Tailor —-made square aluminum foils was
used as anode and graphite sheet as cathode, and
0.3M oxalic acid as the electrolyte. The experimental
electrolyte temperature was maintained at 14 C, while
the temperature deviated from that value by less than
0.1 °C (used low temperature thermostat bath). The
anodization voltage was maintained a constant of 40 V
direct current (dc) potential. The first anodization
carried out for 6 h at above conditions.It was produced
that thick layer of porous aluminum oxide consisting
of an array of vertically arranged pores on the surface
of aluminum. Then the foils were soaked in in
chromic (1.8% ) -phosphoric (6% ) acid solution for
about 12 h. Under the same experimental conditions,
the second anodization carried out for 2 h. This two-
step anodizing electrochemical procedure produced

hexagonally ordered nanoporous layer

diameter about 30 nm. The diameter was not large

with  pore

enough for self -assembed Au nanoparticles.
Consequently, the anodized foil was soaked in 5%
phosphoric acid for about 80 min at 20 C. The
nanopore diameter of template was widen from 30 to
80 nm.

1.3 Vacuum deposition and thermal annealing

The prepared template was cleaned and dry. Film
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of gold was deposited on the surface of template,
which was 10,20 ,30 nm thickness. Thermal annealing
for the dewetting process was done in a tube furnace
at the condition of 550 € for 3 h under N,

environment. The deposited was done by vacuum

deposition apparatus.

2 Results and discussion

2.1 Second anodization influence on templates

The microstructure of templates were characterized
by scanning electron microscopy. Figure 1 (a) shown
the surface of template, which was anodized just
once. The regularity of templates obtained by first
anodized was poor and there were many defects on
the surface. In the case of second anodization, the
perfect close -packed hexagonal pore array was

fabricated(Figure 1(b)).

.
o
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Fig.1 SEM of porous anodic alumina oxide

According to the model that describes the self -
regulating pore growth [ the formation of surface

random microcracks is precondition for close —packed

hexagonal pore array. The random microcracks
formed at anodize prophase lead toinevitable surface
defect region. Before second anodization, the

templates was soaked into chromic -phosphoric acid
solution for long time. The result in highly ordered

pits arise on the surface of alumina. Such pits was
producted during the first anodized by barrier layer.
When the second anodization begun, anodization take
place in these pits at first. During this process these
pits play a guiding role ™. Finally, the close -packed
hexagonal pore array was fabricated.
2.2 Time of widen nanopore effect on diameter

of nanopore

In order to obtain templates which had 80 nm
diameter and 20 nm wall thickness, the nanopore
diameter was widen from 30 nm to 80 nm after second
anodization. Template was soaked in 5% phosphoric
acid for 0 min, 60 min, 80 min, 120 min at 20°C. The
SEM images shown in Figure 2 (a). The diameter of
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Fig.2 SEM of templates for different widen pore time at 20C
[first andized 6 h,soaked in admixture acid 12 h,second

andized 2 h,40V,0.3 M(COOH),,14 ]
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pore was approximately 30 nm which not treatment
with phosphoric acid. After widen diameter for 60 min,
it was widen form 30nm to 60nm (Figure 2 (b)). With
the soaking duration, the diameter of nanopore became
larger. Highly ordered nanopore arrays are acquired
when the soaking time increased to 80 min(Figure 2(c)).
But the wall began to collapse between adjacent holes
when the time up to 120 min (Figure 2 (d)). We found
that the diameter of hole direct proportion with the
widen diameter time. The dependence of diameter on
the widen diameter time was given in Fig. 3. The linear
relationship was obvious and the rate about 1 nm/min.
Such law were useful for the preparation of tunable
diameter templates.
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Fig.3 Variation of template pore diameter with time of widen pore

2.3 Gold thickness effect on self-assembled

Au nanoparticles array

we deposited gold film on the surface of
template, as discussed in experimental section. As can
be seen, approximate triangle area is formed among
three adjacent hole which were covered with gold
film. As a result the triangle gold patches were
generated. Subsequently, a dewetting process - of
the gold film occured in each triangle area during
thermal annealing. The temperature of thermal
annealing was 550 C for 3 h. As shown in Figure 4(a),
the Au nanostructures prepared using spun gold 4 cm
during vacuum deposition, in this condition there were
not clear Au nanoparticles formed. We believed that
the extremely thin gold films acts as an obstacle for
big Au nanoparticle formation. Nanoparticle arrays

were acquired around the hole correspond to use 8 cm

spun gold in the Figure 4 (b). In the case, the film
was initially too thick used 12 cm spun gold,
nanoparticles array exhibited dramatic change, which
showed in the Fig. 4 (c). Large quantity big particles
dispersed in the template surface randomly. This is

consistent with previous reportst,
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Fig.4 SEM images of self -assembled Au nanoparticles formed

under different spun gold depletion length during vacuum deposition

2.4 Optical properties investigations for Au
nanoparticles array

Figure 5 showed the representative curve of the
light absorption with respect to different samples for
the light excitation 15°. The black line represented the
Double
resonance frequencies were revealed. Between 800 nm

absorption curve of ordinary template.
and 900 nm we observed first peak. Furthermore, the
second peak appeared nearby 1 400 nm. Red line
demonstrated the absorption curve for the samples after
vacuum deposition and thermal annealing. There were
three peak was observed. The second peak and third

peak corresponded to ordinary template absorption
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'spectra. In the prelimina ry analysis of expermental
data, we found that the first peak at 526 nm consistent
with the absorption peak of Au nanoparticles, which

could be described by Mie-scattering theory.
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Fig.5 Absorption spectra of ordinary template(- ¥ -) and

template with self-assembled Au nanoparticles(-V -)
3 Conclusion

In summary, first, we found that first anodization
played a guiding role for the second anodization
during preparation of templates. The regularity of
templates performed perfectly close-packed hexagonal
pore array which fabricated by second anodization.
Second, the ideal nanopore array of 80 nm diameter
and 20 nm thin nanowalls could be abtained with the
time 80 min at 20 C. It known that the speed of
widen diameter was about 1 nm/min at 20 C. Third,
the thickness of Au film influences the form of Au
nanoparticle. When 8 cm thickness of Au film was
consumption  during

vacuum  deposition,  Au

nanopaticle arrays were obtained. Finally, the
absorption characteristics caused by surface plasmon
resonance were observed. For ordinary templates,
there were two absorption peak near -infrared region.
While, typical absorption peak (526 nm) for Au
nanoparticle was observed in visible region.
Futuremore, we would try to self -assembed Au
nanoparticle in shallow nanopore by porous anodic
alumina oxide, which are expected to demonstrate

excellent surface plasmon resonance.
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