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ABSTRACT

Synthesis of copper-telluride nanowires has been carried out using template-assisted electrodeposition
technique. The polycarbonate template is supported on a copper substrate. The synthesized nanowires were
characterized using scanning electron microscopy (SEM) and X-ray diffractometer (XRD). The SEM image
has confirmed the satisfactory deposition of the CuTe nanowires having 100 nm diameter s as expected. The
investigations for the optical properties of the nanowires were carried out using He-Ne laser. The analysis
of the images so obtained by a high resolution digital camera at different orientations with respect to the
incident light has shown that CuTe nanowires exhibit a distinct intensity patterns as compared to the
patterns obtained with the available copper thin film depositions.
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1. INTRODUCTION

In this modern era of science and technology, nanotechnology is the one of the most significant
and promising area of research. Severa researchers are exploring the areas of nanoscience in
almost every field due to its unique properties and may be characterized for magnetic, chemical,
mechanical, optical and electronic applications. An optical characteristic of metallic nanowiresis
the one of the emerging area of application of nanotechnology ultrahigh density magnetic
recording, ultrafast optical switching, and microwave devices.

Researchers have devel oped various techniques for synthesizing nanowires that includes
lithographic patterning [1], vapor transport techniques [2], template based-synthesis [3] and other
synthesis techniques [4] [5]. Among these techniques, the template-assisted electrodeposition has
several advantages over the other fabrication techniques. Electrodeposition technique is cost
effective and moreover the growth of nanomaterials can be controlled over the properties by
changing the electrolyte, pH vaue, temperature, and applied voltage. Synthesis of severa
metallic and semiconductors nanowires has been done successfully by electrodeposition method
using alumina and polymeric track etched templates [6-12]. Besides other properties, the optical
properties of the nanowires have been studied extensively by various researchers for exploring
different optical characterization and analytical techniques [13-17]. The scattering properties of
metallic nanowires at certain wavelength range may find its applications in photo-thermal
destruction of cancer cells [18], optical antenna [19], chemical and biological sensors [20],
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cloaking [21], surface-enhanced Roman spectroscopy (SERS) [22], and aperture-less near-field
optica microscopy [23]. The interaction of the light with the metallic nanowires may be
investigated using scattering, transmission, and reflection based techniques. The basic
investigations may be carried out to study the effect of polarization direction of the illuminating
polarized light, angle of the incident illuminating light, and the geometrical shape/size of the
patterns developed using nanowires.

In this paper, the intensity patterns of copper thin film and copper-telluride (CuTe)
nanowires deposited on copper substrate are investigated using a stationary source of polarized
He-Ne laser light. The patterns of the reflected light at different orientation were recorded using
high resolution digital camera at different angles with respect to the incident light. The objective
of this paper is to investigate the effect of reflected light wave from the copper-telluride
nanowires and the thin film depositions.

2. EXPERIMENTAL DETAILS

The experiment has been divided into two parts; synthesis of CuTe nanowires and its optical
characterization using the incident polarized He-Ne laser light. CuTe nanowires were synthesized
by template assisted electrodeposition method [26] [27]. A simple two electrode system, as
shown in Fig. 1, was used for e ectrodepostion of CuTe nanowires.
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The copper foil acts as substrate for fabrication of CuTe nanowires. The commercialy available
tracketch polycarbonate membrane (whatman) of diameter 100 nm was used in this experiment.
A limited portion of the substrate covered by membrane was selected by an “O” ring and is fixed
in the top enclosure of the cell to allow it to be exposed to the electrolyte. Membrane is placed on
the substrate in such a way that there exist no air bubble between the membrane and the copper
substrate. The electrolytic solution was prepared in 50 ml double distilled water containing 0.2M
of CuSO4.5H20, 0.2M of TeO2, and 0.2M KOH at room temperature. Platinum (Pt) electrode
acted as an anode for the deposition. Copper (Cu) substrate was used as cathode for the system.
Electrodeposition of CuTe nanowires was carried out by applying 0.8 V d.c. voltage to the
electrodes. The pH value of the eectrolytic solution was maintained between 2.5 and 3.5. The
length of the CuTe nanowires were controlled by adjusting the deposition time. Finally, the
samples were dried at room temperature for further characterization. Change in current density
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during the deposition is monitored very precisely. After deposition of CuTe nanowires were over,
anodic aluminium oxide (AAO) membrane was dissolved in the agueous solution of
dichloromethane (CH,Cl,). Finally, the sample was dried again at room temperature for further
characterization.

The SEM of the CuTe nanowires deposited on the Cu substrate is shown in Fig.2. It shows that
there is a optimum deposition of nanowires on the Cu substrate with uniform growth and the
nanowires are vertically aligned with high aspect ratio.
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Fig. 2 SEM of CuTe nanowiresdeposited on Cu substrate.

The XRD pattern of as deposited CuTe nanowires is shown in Fig. 3. The XRD patterns were
recorded in the range of scanning angle 20°-60° with a step size of 0.0170° using wavelength
(Ka) 1.5406 A°. The copper telluride (CuTe) nanowires exist in hexagonal structural shape as the
characteristic diffraction peaks in 100 nm pattern matches with the standard 1ICDD copper
telluride (Cul.75Te) data file (JCPDS Number: 45-1287) confirming the formation of copper
telluride (Cul.75Te) nanowires[25].
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Fig. 3 XRD pattern of copper telluride nanowires (100 nm) on Cu substrate

The most intensive peaks in the XRD pattern indexed as (110) suggest that copper telluride
pattern would have a preferential growth direction. The observed ‘d’ value is 2.06363 for 100 nm
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measured at wavelength 1.54060A. The observed ‘d’ value matches exactly with the standard
value givenin JCPDS (File N0.45-1287) [25].

In order to investigate the intensity of copper-telluride nanowires, highly polarized He-Ne light is
directed on the portion of the copper substrate where nanostructured material is deposited. Fig.4
shows the experimental setup for determining the optical properties of CuTe nanowires He-Ne
light incident.
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Fig. 4 Experimental setup used for determining the optical properties of CuTe nanowires

The light source is made stationary and the reflected intensity is taken as an image using a high
resolution camera fixed at different angles with respect to the incident light. The He-Ne laser
light source has been kept stationary at a distance of 30 cm from the substrate mounted on the
straight platform. A high resolution digital camera is mounted on a rotating stand, so that images
can be taken from different angles. The whole experiment is done in a dark room to avoid
interferences from other optical sources. These images are processed using image processing
toolbox from MATLAB.

3. RESULTS& DISCUSSIONS
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Fig.5 3D graph of intensity of red (i), green (ii), blue (iii), and gray (iv) components over 30x30 pixel
size substrate containing CuTe nanowires
The images were cut into 30x30 pixels size. Intensity of the color component is minimum at an
angle of 10° and maximum at 90° and again starts decreasing. These images were further
processed and the red, green, blue, and gray scale color components were separated using
10
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MATLAB. The 3D graphical image for the intensity of light on the surface of CuTe nanowires
were analyzed. The color images were aso converted to gray scale before plotting. The 3D
images of red, green, blue, and gray scale components of the processed images at angles 30°, 60°,
90°, and 120° are shown inthe Fig. 5 (i), 5 (ii), 5 (iii), and 5 (iv), respectively.
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Fig.6 3D graph of intenéity of red (i), green (ii), blue (iii), and gray (iv) components over 30x30 pixel
size substrate containing Cu substarte

Figure 6(i), 6(ii), 6(iii), and 6(iv) shows the 3D plot of intensity in pixel size with respect to
angles at 30°, 60°, 90°, and 120° respectively for red, green, blue and gray components for copper
substrate. The average value of intensities of different color components for copper substrate is
also caculated.
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Fig.7. Average intensity of red, blue, green, and gray color components over 30x30 pixel size of Cu
substrate containing CuTe nanowires at different angles.

The average intensity values of al the color components on 30 x 30 pixel size images were
calculated and plot of these intensities with respect to angles at which they are taken is shown in
11
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Fig.7. The green, blue, and gray scale of the images shows similar behavior as the minima and
maxima of these colors lies at same points. But red color shows different behavior i.e. average
intensity remains almost same for the images taken at different angles.
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Fig.8. Average intensity of red, blue, green, and gray color components over 30x30 pixel size of Cu
substrate at different angles.

For comparative analysis, same experiment is performed with copper substrate only. The plot
between average intensity of color components at different angels is shown in Fig.8. It can be
seen that the average intensity of red color component at different is same for 30 x 30 pixel size
of theimage where as for rest of the color component the average intensity isnot similar.

4. CONCLUSIONS

In the investigation process, a polarized He-Ne light is made incident on the template assisted
deposition based synthesized copper-telluride nanowires and the copper thin film deposition. The
reflected light was observed through a high resolution digital camera placed at different angles
with respect to the incident light. The images were resolved in red, green, blue, and grey scale
components and the intensity patterns at al angles are observed. It is found that two samples
behave differently with He-Ne light and show different intensity patterns at different angles.
Thus, it can be concluded that change in intensity pattern with the change in angle in case of
nanowires may be an important observation in the field of optical physics and nanowires can used
for designing optical devices. The identification of the material from the observed pattern is on
the plan for future work.
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