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ABSTRACT

Nickel nanowires with vertical alignment on the copper substrate were synthesized by direct current
electrodeposition method using polycarbonate template. The pore diameter of the template was 100 nm.
The morphological study of Ni nanowires was carried out by using scanning electron microscopy (SEM).
The reflective properties of the nanowires have been studied for the wavelength range of 380 to 700 nm of
visible light. The measurement of the incident and reflected light was carried out by using a high resolution
camera and a fiber. The analysis of the results showed that the reflection of incident light is low for lower
and upper region of wavelength. The peaks in the reflective spectrum are observed at 470 nm and 540 nm.
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1. INTRODUCTION

Nanophotonics is emerging field in novel sensing and imaging applications, also in the areas of
advanced information technology, cryptography, and signal processing. One-dimensional
nanostructured metals have attracted much attention in this regard because of their potential
applications in ultrahigh density magnetic recording, ultrafast optical switching, and microwave
devices [1].

Materials exhibiting optical limiting properties are necessary for the production of photonic
devices that control amplitude gain or extinction, polarization, phase, reflection and refraction of
light [2]. Semiconductor-doped glasses [3,4], inorganic and hybrid nanostructures [5], organic
molecules like dyes and fullerenes [6], colloidal metals and metal nanoparticles [7,8], silicon
nanowires [9] and cadmium oxide nanowires [10] are some of the materials known to show good
optical limiting.

When a light wave strikes a metal surface, it can excite a surface plasmon polarization, a
surface electromagnetic wave coupled to plasma oscillations. Recently, the concept of
plasmonics, in analogy to photonics, has received much attention since surface plasmons reveal
strong analogies to light propagation in conventional dielectric components [11-13]. For
example, it is now possible to confine them to sub-wavelength dimensions leading to novel
approaches for wave guiding below the diffraction limit [14,15]. The combination of sub-
wavelength confinement, single-mode operation, and the relatively low-power propagation loss of
surface plasmon polarizations could be used to miniaturize existing photonic circuits [16].
Furthermore, the strong coupling between SP and emitters can be utilized to enhance infrared
photodetectors, the fluorescence of quantum dots, and light transmission through metal
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nanoarrays [17-20]. High-field surface plasmon confinement was also used to demonstrate an all-
optical modulator, to provide an extra degree of freedom for information storage, and to estimate
the reflectivity of structures or surface roughness [21,22].

A great effort has been devoted to the study of metallic nanoparticles due to their distinct
optical properties with respect to that of the bulk material [23]. The ability of nanoparticles to
uphold charge density oscillation known as localized surface plasmons is the main factor behind
distinct optical properties from their bulk counterpart. These spatially localized modes may
appear at a metal/dielectric interface, manifesting themselves as optical resonances in the
transmission and reflection spectra, being their most significant feature the local enhancement of
the electromagnetic field at the metal/dielectric interface [24]. Size, shape, particle inter-distance,
embedded environment, or material components of the nanoparticles are the parameter on which
the spectral position, width, and intensity of the optical resonance depends. The influence of such
parameters has been thoroughly studied in number of works putting forward the possibility of
tailoring their optical response through the morphology of the particles [25-29].

2. NANOWIRES SYNTHESIS BY ELECTRODEPOSITION

A porous membrane with cylindrical pore geometry can be used as a template for the synthesis of
1D nanostructure. Two types of porous membranes are commonly used: anodic aluminum oxide
(AAO) and track-etched polymer membranes. AAO films can be produced upon aluminum metal
when aluminum is made the anode in an electrolyte, typically sulfuric, phosphoric, chromic, or
oxalic acids at almost any concentration [30,31]. The pore densities as high as 10'' pores cm™ can
be achieved and the pores in these membranes have little or no tilt with respect to the surface
normal resulting in an isolating, non-connecting pore structure. Microporous and nanoporous
polymer membranes are commercially available filters, with a broad range of pore diameters
(down to 10 nm) and pore densities approaching 10° pores cm™. However, due to the random
nature of the pore-production process, the pores in polymer membranes are tilted with respect to
the surface normal, and a number of pores may actually intersect within the membrane [32].

Among various chemical strategies, electrochemical synthesis in a template is one of the most
efficient methods to controlling the growth of a variety of metal, conducting polymer, oxide and
compound semiconductor nanowire arrays. As the nanowires grow, the nanopores of the template
are filled. Because the nanopores, perpendicular to the polycarbonate membrane surface, are
uniform in diameter, and hexagonally packed, the nanowires embedded in the template form
highly ordered and vertically aligned nanowire arrays [33-35].

In this paper we investigated the effect of incident wavelength of visible light on the
absorption spectra of electrodeposited Ni nanowires. Experiment demonstrates the absorption
dependency of nanowires on the wavelength of light.

3. METHODOLOGY

Ni nanowires have been fabricated using template assisted electrodeposition process.
Electrodeposition process was carried out in two electrode system shown in Figure.1. The cell
system consists of a metallic base in circular shape on which substrate is placed and four small
orifices are made to insert bolts to hold the upper system tightly so that electrolyte cannot leak out
from the cell.
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Figure 1. Cell system for electrodeposition of nanowires.

The container of the system is made up of plastic cylindrical shaped tube which is attached to
acrylic sheet having a small orifice with diameter of 0.8 cm with strong adhesion. Platinum (Pt)
electrode acts as anode and metallic base of the system acts as cathode. Commercially available
100 nm polycarbonate template has been obtained. The membrane is placed over the substrate
and the system is tightly closed. Also it is ensured that no air bubble exits between membrane and
substrate. Electrodeposition of Ni is done on Cu substrate through nano-porous polycarbonate
membrane. The electrolyte for the deposition is prepared in 20ml double distilled water with
0.2M NiS0O,.6H,0, 0.2M NiCl,.6H,0, and 0.1M H3;BO;. The electrolyte is poured in the
cylindrical container of cell and voltage of 2.7V is applied to the solution. As current passes
through the solution electrolysis process takes place and Ni atom dissociates into Ni**, these ions
moves towards the cathode through the membrane pour and deposits on the Cu substrate in the
nano-porous space. Current density during the electrodeposition process was carefully monitored
shown in Figure. 2.
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Figure 2. Current density (J) during electrodeposition process.

After the deposition process was completed, the sample containing template and deposited
material was put in the dichloromethane (Cl,CH,) solution to dissolve the polycarbonate
membrane. The prepared sample containing Ni nanowires were then characterized for
morphological studies using SEM from national laboratory.
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In order to study the reflective properties of Ni nanowires a setup is created to carry out the
experiment. Light is focused to the input slit of a monochromator from the light source generator
which consists of a movable lens to adjust the focal length. At the output slit of monochromator
an optical fibre is attached to incident the light on sample containing nanowires. Angle of
incidence of light is 30° w.r.t. plane of the sample. The reflected light from the sample is collected
using a high resolution camera. Figure.3 shows the schematic of complete setup.
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Figure 3. Schmetic of setup for collection of reflect light.

4. RESULTS AND DISCUSSION

After the successful deposition of Ni nanowires, the morphological studies of the sample
containing nanowires were carried out. Figure.4 shows the SEM image of Ni nanowires. As Ni
belongs to the family of magnetic material, it is expected that the nanowires fabricated will attract
each other to form a bundle, which is evident from the SEM image.

Figure 4. SEM of Nickel nanowires fabricate using electrodeposition.

Average intensity of incident and reflected light from the substrate containing Ni nanowires
was calculated for visible spectrum of light. Variation in average intensity of incident and
reflected light w.r.t. wavelength for 100 nm Ni nanowires is shown in Figure.5. From the graph it
can be interpreted that the average reflected light from the nanowires is minimum for lower and
upper ends of the visible spectrum. In the graph for wavelength ranging from 470 to 540 nm the
average intensity of reflected light is constant. Peaks points in the average reflected light is
observed at 570-580 nm wavelengths. In Figure.6 the peaks in the ratio of average reflected and
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incident light are observed at wavelength of 470 and 560 nm. Graph shows almost flat region for
wavelength ranging from 470 to 540 nm. The investigations carried out for reflective properties
show that these types of structures may be very useful for designing optical sensors.
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Figure 5. Average intensity of incident & reflected light from Cu substrate containing Ni
nanowires from 380-700nm wavelength
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Figure 6. Ratio of average reflected and incident light w.r.t. wavelength.

5. CONCLUSION

Syntheses of Ni nanowires were done using direct electrodeposition in polycarbonate membrane.
The pore diameter of the template was 100 nm. Morphological study of Ni nanowires was carried
out by using scanning electron microscopy (SEM). The effect of wavelength on reflection of
incident light was studied for visible region (380-700 nm). The analysis of the results showed that
the reflection of incident light is low for extreme lower and upper wavelength of the spectrum. At
wavelengths 470 nm and 540 nm a peak in the reflection spectra is observed. The reflection of
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light is constant for green visible light spectrum. The investigations showed that these types of
structures may be very useful for designing optical sensors.
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