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ABSTRACT

Ni nanowires are synthesized by template based electrochemical technique. A commercially available filter
membrane of alumina anodic oxide (AAO) is used for the fabrication of nanowires. AAO membrane
supported on copper substrate yields better hexagonal nanowires. Morphological studies of nanowires are
carried out using scanning electron microscopy (SEM). The analysis shows the fabrication of vertical
100 nm nanowires. The optical properties using He-Ne laser light have been studied. In order to study the
reflection of laser light from the substrate containing Ni nanowires a high resolution camera was
employed. These images were further processed using image processing technique. To nullify the effect of
the surrounding optical sources, these images were desaturated. The analysis of the results shows that at
different angles the reflection of light from substrate containing Ni nanowires shows a regular pattern as
compared to Ni thin film. Peak is observed when laser is incident at right angle to the plane of the sample
containing Ni nanowires.
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1. INTRODUCTION

Nanotechnology is based on the study of the control of matter on an atomic and molecular scale.
It has the potential to create new materials and devices with applications in medicine, electronics,
energy production, and also construction. Typically, an atom has a diameter of a few Angstroms
(1Å = 0.1 nm = 10-10 m), a molecule’s size is a few nm, and clusters or nanoparticles formed by
hundreds or thousands of atoms have sizes of tens of nm [1-3]. There are two main approaches to
nano-scale manufacturing. These have been labelled top-down and bottom-up by the
nanotechnology community [4]. Top-down manufacturing methods consist of conventional
micro-fabrication techniques including nano-lithography and chemical etching. A common
characteristic of top-down technologies is the removal of material from bulk material to create the
final product. Bottom-up manufacturing is an assembly process. Its goal is to create larger and
more complex structures out of smaller basic components [5-7]. Studies of high aspect ratio
structures with widths/thicknesses in the nanometer range, nanowires have revealed very
interesting behaviour associated with their reduced dimensionality. Because the behaviour of
materials at nanoscale abruptly changes, researchers are exploiting this property for developing
applications in medicines, electronics, biotechnology, chemistry, etc. The preparation of submicro
and nanostructures with defined characteristics or functional properties is a fast growing area of
material science.

Nanostructured materials with controlled architectures are desirable for many
applications in optics, electronics, biology, medicine, and energy/chemical conversions [8]. High-
aspect-ratio metal nanostructures, nanorods, nanowires, and nanotubes are the subject of much
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current study. Nanoscale opens up new ways to study their physical and electronic properties.
Nanowires exhibit a wide range of unique properties, including tunable band gaps, ballistic
transport, optical anisotropy, and strong excitonic effects. There are potential applications in
which a metal or metal-containing composite nanowire can replace a more conventional device,
for example, in microelectronic circuits or magnetic memories. More interestingly, as quasi-one-
dimensional (1-D) nanostructures, metal nanowires and nanotubes reveal new physical and
chemical phenomena that are a direct consequence of their size, shape, and reduced
dimensionality. These novel properties promise ultimately to be of even greater technological
impact because they will enable genuinely new kinds of devices and applications. It is therefore
not surprising that for the past 20 years nanowires have emerged as one of the most active fields
of research in material science. Nanowires can be fabricated by various techniques that include
lithographic patterning [9, 10], vapour transport techniques [11, 12], template based-synthesis
method [13, 14] and other synthesis methods [15, 16]. The template based synthesis involving
electrodeposition is more promising owing to its specific advantages of low cost and control over
the nanowire properties via changing the electrolyte composition, pH, temperature, and applied
potential/current [17]. High aspect ratio nanowires synthesized by electro-deposition into
templates have revealed very interesting behaviours associated with their reduced dimensionality.
There has been a huge interest in the study of magnetic nanowires, in which the characteristic
dimensions are comparable to the scaling lengths in magnetism or spin polarized transport [18].

Electrodeposition technique offers the advantage of allowing not only the fabrication of
nanowires made from single metal but also complex structures, such as multi layers. Indeed,
nanowires consisting of altering magnetic (cobalt) and nonmagnetic layers (copper) have been
prepared and investigated [19-20]. Electrodeposition of several metals and semiconductors has
been performed using alumina and polymeric track etched membrane templates.
Electrodeposition is normally preceded by coating one side of the membrane with a noble metal
[21-30].The optical properties of nanowires have been studied extensively by employing different
optical characterization and analytical techniques. Metallic nanowires exhibit interesting plasmon
absorption effect. Research has shown that the energy of the surface plasmon band is sensitive to
various factors such as particle size, shape, composition, surrounding media and inter-particle
interactions [31].

In this study, a simple and low cost electrodeposition method for synthesis of Ni
nanowires using AAO membrane on copper substrate has been used. Also, for comparative study,
Ni thin film is synthesized using the same electrodeposition method. The optical properties of Ni
nanowires and thin film have been investigated by using a Helium-Neon (He-Ne) laser. For
capturing the optical images of the samples, a high resolution camera is used.

2. METHODOLOGY
Investigation is divided into two phases; fabrication and characterization of Ni nanowires and Ni
thin film. Investigations of optical properties of Ni nanowires and Ni thin film deposited on
copper substrate is observed by using reflected He-Ne laser light. Ni nanowires and thin film
were produced by electrodeposition method. A simple two electrode system is used for
electrodeposition process shown in Fig.1.
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Figure.1. Schematic of two electrode cell for deposition.

Electrolyte for the deposition of nanowires comprised of nickel sulphate, nickel chloride and
boric acid. The electrolyte is prepared in 20ml distilled water containing 0.2M of NiSO4.6H2O,
0.2M of NiCl2.6H2O, and 0.1M of H3BO3. Commercially available AAO membranes with pore
size of 100 nm were used to for the formation of Ni nanowires. Pt electrode is used as anode and
copper substrate acted as cathode for the deposition process. Copper tape is used as a substrate to
deposit Ni ions. Membrane is placed on the substrate in such a way that there exist no air bubble
between the membrane and copper substrate. Electrolyte is poured in the system and voltage of
2V is applied. Change in current density during the deposition is carefully monitored. Current
density variation during deposition time of Ni nanowires is shown Fig.2.

Figure 2. Current density (J) variation over deposition time.

When electrodepositions process is over, the AAO membrane is dissolved by using sodium
hydroxide (NaOH). The deposition process is again carried out to synthesize Ni thin film using
same setup without AAO membrane. Figure 3 shows the morphology of the substrate after
deposition of nickel nanowire and thin film on it. It is evident from change in the morphology of
copper substrate that material deposition is occurred on it.
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(a) (b) (c)
Figure 3. (a) Morphology of Cu substrate before deposition, (b) with Ni nanomaterial,

(c) Ni thin film.

When depositions of the Ni nanowires were confirmed from the morphology of the sample, the
samples were further analyzed with other characterization techniques. SEM of the samples is
obtained. Fig. 4 shows the side view of the SEM of Ni nanowires. One of the samples was chosen
for further investigations.

Figure 4. SEM of Nickel nanowires fabricate using electrodeposition

In the next part of the experiment He-Ne laser is directed on the copper substrate containing Ni
nanowires. Laser light is focused on the portion of substrate where nanomaterial is present. The
laser light source is made stationary and images of the reflection of the He-Ne laser is taken from
high resolution camera at different angles.

Figure 5. Schematic of the setup for analysing reflective property of Ni nanowires and Ni thin film
deposited on Cu substrate.
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The schematic of the experiment is shown in Fig. 5. The whole experiment is done in dark room
to avoid interferences from other optical sources. Angle ranging from 10° to 170°is marked on the
horizontal surface. A rotating stand with the high resolution camera is mounted on it, so that
reflected laser light from the copper substrate containing Ni nanowires can be captured. The same
set of experiment is conducted using Ni thin film.

3. RESULTS AND DISCUSSION

SEM confirms the synthesis of vertical Ni nanowires. Since the nature of Ni material is magnetic,
it is expected that nanowire will attract each other, which is evident from the SEM. He-Ne laser is
directed on the portion of the copper substrate to investigate the optical properties of nickel
nanowires, where nanostructured material is deposited.

Figure 6. 3D graph of intensity of red (i), green (ii), blue (iii), and gray (iv) components over 30x30
pixel size substrate containing Ni nanowires.

He-Ne source is kept stationary at a distance 30 cm from the substrate mounted on the straight
platform. Images taken at different angle are processed using image processing technique. The
images were cut into 30 x 30 pixels size. These images were further processed for red, green, and
blue colour components intensity. The colour images are desaturated in order to nullify the effect
of surrounding optical sources. The intensities of images for red, green, blue, and gray scale
components of the processed images over 30 x 30 pixel size for 30°, 60°, 90°, 120°, are shown in
Fig. 6. The plots in the first row show intensity pattern for red component. It may be observed
from these plots that the intensity over the selected area remains almost constant except few sharp
valleys. The second row shows the blue component; where heaps of intensity at different points is
clearly visible. Similar patterns may be observed in the other rows. The average intensity of
desaturated images of Ni nanowires at different angles is shown in Fig. 7.  The same set of
experiment is carried out for Ni thin film and average intensity is calculated as shown in Fig. 8.
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From these results it is seen that behaviour of Ni nanowires is smooth, regular, and more
convergent, but in case of Ni thin film more irregularities and maxima is observed at different
angles.

Figure 7. Average intensity of desaturated image over 30 x 30 pixel size of Cu substrate containing  Ni
nanowires at different angles.

Figure 8. Average intensity of desaturated image over 30 x 30 pixel size of Ni thin film at different angles.

4. CONCLUSION

Electrodeposited Ni nanowires were successfully synthesized by template assisted method. The
effect of direction of incident of 633 nm wavelength He-Ne laser light for investigating the
optical properties of Ni nanowires and thin film was studied. The analysis of the results showed
that the reflection pattern of the nanowires and thin film is different. Optical characterization of
Ni nanowires showed a smooth pattern on both side of the normal to the sample. On the other
hand, the pattern observed for the Ni thin film was not so smooth and contained a number of
peaks and valleys. This interesting behaviour of Ni nanowires may be further explored for
developing optical sensing systems.
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