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Abstract 
A simple method for fabrication of highly ordered gold nanorod film 
is introduced in this article. The procedure is based on thermal 
evaporation of gold into a porous anodic alumina film (PAA). The 
PPA film was fabricated by combining the hard and mild 
anodization. This combination effectively decreases the processing 
time of fabrication of highly ordered porous anodic alumina film 
with controlled pore diameter and length.  It was found that gold 
nanorods configuration affected by the porous anodic alumina film 
structure such as pore diameter and length. Furthermore the 
evaporation process change the rods diameter along the nanopores 
via the decreasing the pore mouth during the gold deposition. 
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1. Introduction 

   Dense arrays of nanometer scale structure such as 
nanodots, nanorods and nanowires have 
considerable applications in nanometric device 
fabrication. Among these nanostructures, gold 
nanodots and nanorods exhibit localized surface 
plasmon resonance and surface enhanced Raman 
scattering properties [1-3]. Recent works have 
shown a great potential of gold nanostructures 

applications in the field of optoelectronics [4-5], 
sensors [6-7] and catalysis [8]. Several methods 
have been used to fabricate the material 
nanostructures such as various lithographic 
techniques [9-10], deposition into ordered template 
[11], self assembly [12] and selective etching [13]. 
Although lithographic techniques allow us to 
control the size and shape of gold nanostructures, 
these techniques are expensive. Template methods 
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are generally inexpensive in comparison to 
lithographic techniques and allow depositing the 
wide range of materials. Among templates, porous 
anodic alumina (PAA) has been one of the most 
popular templates to fabricate a variety of 
nanostructure materials. PAA film has a well-
ordered array of straight pore obtained by mild 
anodization (MA) [14-16] and hard Anodization 
(HA) [17-18]. MA in comparison with HA, is a 
slow process and limited to special growth regimes. 
HA considerably speeds up the anodization process 
and it is applicable to fabricate the ordered PAA in 
various range pore size and interpore distances. 
Since the mouth of the pores is blocked during the 
deposition by the common deposition techniques 
like ion sputtering or thermal evaporation, there is a 
limitation to produce controllable long nanorod 
inside the pores. In this paper, we report the 
fabrication of ordered gold nanorod arrays by 
thermal deposition of gold into a PAA film 
fabricated via two steps: HA and MA Process. It is 
also shown how the blocking of the tops of pores 
during the gold deposition can be controlled by 
attention to the depth and diameter of the pores. 

2. Experimental  
   A high purity (99.999%) aluminum foil, 0.5 mm 
of thickness and 1.2 cm of diameter, was degreased 
in acetone and washed by deionized water. The 
sample was then electropolished in a 1:4 volume 
mixture of HClO4 and C2H5OH at a constant 
current density of 100 mA/cm2 for 3 min to reduce 
the roughness of aluminum sample. To obtain the 
highly ordered pores with interpore distance 260 
nm and different depth, a two-steps HA and MA 
process was employed. In this interpore distance 
(260nm), fabrication of PAA film with highly 
ordered pores is impossible directly by MA process 
and it is needed to be pre-patterned [16]. In HA 

process at first the protective layer was created at 
40V for ten minutes to avoid sample from burning 
at high voltage in HA [18]. The anodization voltage 
then increased to a final value 130 V, and kept 
constant for 1h.  

 

 
Fig. 1. Current density and charge density versus time 
during (a) hard anodization and (b) conventional mild 
anodization process. 

 
To keep the sample at 0 oC the multi-channel 
electrochemical cell was designed to HA process. 
The alumina layer formed in HA was removed by 
wet chemical etching using a mixture of 0.5 
molar (M) phosphoric acid and 0.2 M chromic 
acid. The second step MA process was done at 
voltage 104 V and temprature 3 oC. This MA 
voltage was chosen based on the linear relation 
between interpore distance and the anodization 
voltage. It is considerable that the 
interporedistance obtained from HA process 
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should be the same as the MA process. As shown 
in Fig 1a, in HA process, the anodization current 
density increased when the voltage increased, and 
after that it decreased slowly. But, during the MA 
process of second step anodization (Fig. 1b), 
current behavior is the same as the conventional 
MA. Then the pore diameter becomes wider by 
using 0.5 M acid phosphoric in 30 oC. After that 
gold was deposited into the PAA film by thermal 

evaporation in low pressure (<10−5 Torr). The 

evaporation rate was about 0.3 nm/s and 
controlled by quartz crystal during the deposition. 
To release the gold nanorods, the coated gold 
face was glued by gum. The PAA film was 
removed from gold film by chemical dissolution 
using 1 M sodium hydroxide at room temperature 
to get nanorod Arrays. The PAA film and gold 
nanorod were characterized by scanning election 
microscopy (SEM). 

 
3. Results and discussion 
   As it is shown in Fig. 2, the pore arrangement 
shows the high degree of pore ordering obtained 
by the HA process. Therefore one of the HA 
advantages is its ability to fabricate a highly 
ordered PAA film in a short time (about 1h) due 
to high speed film growth rate. The MA process 
is carried out as the second step. The ordered 
hexagonal pattern formed in HA process, 
preserves after the second step (MA), Fig. 2. 
In MA Process it is possible to control the pore 
depth, LP, by measuring the transferred charge, 
Q, during the anodization. It was shown [19] that 
the pore depth is linearly proportional to the 
transferred charge density during each time 
interval. Two different pore depth of the PAA 
films correspond to different Q are presented in 
Fig. 3. 

   The diameter is controllably increased by 
chemical etching and the rate of alumina 
dissolution in 0.5 M phosphoric acid at 30 oC is 
about 0.025 nm/s [20].  
 

 
Fig. 2. The SEM micrograph image of nanopore 

configuration of sample made in the oxalic acid 0.3 M 
at 130 V anodization voltage. 

 

 
Fig. 3. The cross section SEM micrographs of 
nanopore configurations of samples (MA process) 
made in phosphoric/oxalic acid mixture containing 
0.05 M oxalic and 0.02 M phosphoric acid at the 
anodization voltage, 104 V by different pore depth. 
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   Of course without chemical etching, the tops of 
pores are blocking quickly during thermal 
evaporation, and the nanorod formation inside the 
pores will be stopped. Therefore it is necessary to 
widen the pores by chemical solution in 
phosphoric acid about 50 min. This process 
increases the pore diameter from 80 nm to 240 
nm as it is shown in Fig. 4.  
 

 
 
Fig. 4. The SEM micrograph image of nanopore when 
pore widening was carried out for 50 min in 0.5 M 
phosphoric acid (H3PO4) at 30°C. 
 
   In this stage, the template is ready for thermal 
evaporation of gold. In contrast to other 
deposition techniques (e.g., sputtering), the 
evaporating gold produced by thermal 
evaporation has a long mean free path due to the 
low pressure in the chamber (<10-6 Torr); thus, it 
is approximately collimated after traveling from 
the source to the PAA film substrate (15 cm total 
distance). 
   The SEM images of the gold nanorods after the 
chemical removing of the PAA film for two 
different lengths are shown in Fig. 5, 6. These 
images show an array of free-standing, parallel 
rods which are located on gold substance. 
 

 
 
Fig. 5. SEM images of the gold nanorods arrays 
prepared within a PAA template with 350 nm pore 
length: (a) low and (b) high magnification. 
 
The tip of the rods produced at the bottom of the 
pores has a diameter larger than that of the other 
parts. Because at the beginning of deposition, the 
pore mouth has the largest diameter, therefore the 
evaporated gold reaches to the bottom of the pore 
in largest area, but by passing time, the diameter 
of the pore mouth decreases because of the 
deposition of the evaporated gold on the surface 
around the pore mouth. Furthermore the end of 
nanorods produced at the tops of pores has a 
lower diameter, as it is shown in Fig.s 5 and 6, 
this event for long nanorods is more effective. 
After removing the PAA, the direction of 
nanorods with smaller length remains straight 
(Fig. 5) but the long nanorods bend such that the 
tips of these rods connect to each other (Fig. 6). 



239             
 

 

Z. Soltani/ JNS 2 (2012) 235-240 
 

 

 
Fig. 6. SEM images of the gold nanorods arrays 
prepared within a PAA template with 850 nm pore 
length: (a) low and (b) high magnification. 
 
4. Conclusion  

The results of this study demonstrate the arrays 
of ordered gold nanorods fabricated by thermal 
evaporation into a PAA template. PAA film was 
fabricated via two step HA and MA Process in 
short processing time. The SEM analyze was 
shown that the ordered hexagonal pattern formed 
in HA process, transfer to the PAA film obtained 
after second step (MA). 

The effects of pore depth and diameter on the 
nanorods formation were investigated and the 
following conclusions have been achieved:  

1. Low diameter of pore leads to block the tops 
of pores quickly during thermal evaporation and 
the solution for this problem is widening of pores 
more than 150nm. 

2. The tips of the rods have a larger diameter 
relative to other parts because of the gold 
deposition on the tops of pores and made the 
narrow space to transfere particles into them.  

3. The direction of the nanorods depends on 
their lengths. Longer nanorods bend to each other 
but the smaller ones are straight. 
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