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Abstract: The template assisted electrochemical deposition
technique has been used for the fabrication of well aligned
metallic (NiFeCu) nanowires. Anodic Alumina membrane
(AAM) is used as a template. The crystallographic study and
imaging analysis tools used for the nanowires are Xx-ray
diffractometer (XRD) and field-emission scanning electron
microscope (FE-SEM) respectively. The absorption spectra
have been studied using UV-Vis spectroscopy by varying the
wavelength in the range of 200-800 nm. It has been observed
that the alloy nanowires show an increase in the absorption
value and peak occurred in UV region.
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I.  INTRODUCTION

In recent years, the synthesis of nanowires using different
methods like laser ablation[1], Chemical vapor deposition
(CVD)[2], vapor liquid solid (VLS)[3]-[4], ball milling and
annealing[5], thermal evaporation[6] or electrochemical
deposition[7]-[9] has attracted much interest to produce highly
ordered, well aligned nanowires of large aspect ratio. Due to
changes in properties from bulk to nano-scale, these have been
fabricated for different potential applications such as
sensors[9]-[10], optical devices[10], ultrahigh density
magnetic storage[11], logic and memory functions and so on.
High aspect ratio of nanowires plays a significant role in
determining its optical properties. Like semiconductor
nanowires, metallic nanowires also exhibit optical properties.
In case of metallic or multilayer nanowires, only magnetic and
electrical properties has been studied so far[12]-[15], however
nothing substantial has been done regarding optical properties
. In this work, metallic nanowires in the alloy form are
fabricated and its absorbance value is determined using UV-
Vis spectroscopy in the wavelength range of 200-800 nm.

Il. EXPERIMENTAL
Anodic Alumina membrane was used as a template for the
electrochemical synthesis of NiFeCu nanowires. The template
had a pore diameter of 0.1um and 60um thickness. AAM

membrane is sputter coated with silver paste from one side.
Three-electrode electrochemical cell (Gamry Reference 600,
Potentiostat) was used to carry out the deposition with
silver/silver chloride (Ag/AgCIl) as reference electrode,
Platinum wire (1.5mm diameter) as counter/auxiliary
electrode and AAM as working electrode. The
electrochemical bath contains 1M of NiSO4.6H,0, 0.5M of
HsBOs3;, 5mM of CuSO4.5H,0 and 0.001M of FeSO..7H,0.
All the solutions were prepared using distilled water. pH of
the bath was maintained below 3. Cyclic Voltametry is
performed to predict the reduction potential for the deposition
of NiFeCu and it comes out to be -1.2V. Before starting the
process, the membrane was dipped in the solution. By
applying -1.2V potential for 2500 seconds nanowires were
deposited in the membrane. The structural and imaging
analysis was done through x-ray diffraction(XRD) ( XPERT-
PRO) and field-emission scanning electron microscope(FE-
SEM) respectively. To study optical properties, sample was
dipped in acetone to remove the silver paste and then in
NaOH to liberate nanowires from AAM. The absorption
spectra of NiFeCu nanowires suspended in NaOH was put in
cuvette and then placed in the spectrophotometer. The
measurement was carried out in UV-Vis region.

I1l. RESULTS AND DISCUSSION
FE-SEM images in figurel show the cross- sectional view
of nanowires embedded in AAM.
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Fig.1: FE-SEM image of NiFeCu nanowire
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XRD analysis of NiCuFe nanowires embedded in anodic
alumina template(AAM) is shown in figure 2.
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Fig.2: XRD pattern of synthesized NiFeCu nanowires

The observation results in different peaks, which
corresponds to NiFeCu, Fe. Silver peak is also reported due to
the silver paste on the membrane. The refection peak shows
all the material collectively participated in the formation of
nanowires and the result is compared with NiFe/Cu
nanowires[16].

Absorption spectra is observed in the range of 200-800nm
and shown in figure 3. The maximum value of absorbance
comes out at Amax =214 nm i.e.3.75 a.u.

As the concentration decreases, there is decrease in Amax.
The results are compared with Cu-Ni[17] and hyperchromic
effect is observed, i.e. increase in absorbance. Sample lies in
UV region. This may be due to the interband transitions in
electronic levels. Results are also compared with single layer
nanowire[18] which leads to shift of the wavelength from
visible to UV region.
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Fig.3: Absorption spectra of NiFeCu nanowire

IV. CONCLUSION

NiFeCu nanowires have been synthesized using the
electrochemical deposition technique. SEM analysis resulted
in uniform growth of nanowires. XRD revealed the crystal
structure of nanowire. UV spectrophotometer is used to obtain
the optical spectra of nanowires. It is concluded that the
absorption spectrum of single layer metallic nanowire lies in
the visible region while the absorption spectra of alloy
(NiFeCu) nanowires lies in UV region.

ACKNOWLEDGEMENT

The Authors are grateful to Department of
Chemistry, Punjabi University, Patiala; SAIF Lab, Chandigarh
and; Sailabs, Patiala for providing UV-Vis spectroscopy, FE-
SEM and XRD facility respectively.

V. REFERENCES

[1 N. Fukataa, T. Oshimaa, T. Tsuruid, S. Itod, K. Murakamia,
“Synthesis of silicon nanowires using laser ablation method
and their manipulation by electron beam” Elsevier, pp. 628-
632, 2005.

2] Taejin Choi and Hyungjun Kim, “Synthesis of si nanowires
by using atmospheric pressure chemical vapor deposition

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

48 |Page



(3]

(4]

5]

(6]

[7]1

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

IJRECE VOL. 3 ISSUE 2 APR-JUNE 2015 ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)

with sicls” Journal of the Korean Physical Society, Vol. 59,
No. 2, pp. 485_488, August 2011.

G. Kartopu , S. Habouti, M. Es-Souni, “Synthesis of
palladium nanowire arrays with controlled diameter and
length” Elsevier, pp. 226-230, 2008.

Taejin Choi and Hyungjun Kim, “Synthesis and optical
properties of silicon nanowires grown by  different
methods” Applied Physics, pp.247-253, 2006.

Glushenkov and Y. Chen, “Synthesis of zno nanowires using
ball-milling and annealing method”’Materials
Forum,VOL.30,2006.

Noppasint Jiraborvornpongsaa, Sae Enomotob, Masamitsu
Imaic, Katsum Yoshidac, Toyohiko Yano, “Exhaust gas
analysis and formation mechanism of SiC  nanowires
synthesized by thermal evaporation method ”Elsevier,
pp.235-240,2014.

F Martineau, K Namur, J. Mallet, F Delavoie, F Endres, M
Troyon, M Molinari, “Electrodeposition at room temperature
of amorphous silicon and germanium nanowires in ionic
liquid” Materials Science and Engineering, 2009

Sh. U. Yuldashev,_ Sung Woo Choi and Tae Won Kang,
“Growth of zno nanowires by electrochemical deposition into
porous alumina on silicon substrates” Journal of the Korean
Physical Society, Vol. 42, pp. S216-S218, February 2003.
Saleem Khan, Sandeep Arya, Parveen Lehana, Suresh Kumar,
“Synthesis of copper-ferrous (CuFe) nanowires via
electrochemical method and its investigations as a fluid
sensor”, 2014.

Ligiang Mai, Qiulong Wei, Xiaocong Tian, Yunlong Zhao,
and Qinyou An, “Electrochemical nanowire devices for
energy storage” IEEE Transactions on Nanotechnology, Vol.
13, No. 1, January 2014.

Deepak Saini, R.P.Singh, Sanjeev Kumar, “Effects of
annealing on structural and magnetic properties of template
synthesized cobalt nanowires: Useful as Data Storage and
Nano Devices” J.Mater Sci: Mater Electron, Vol.25, pp.124-
127, 2014 (Pub : Springer)

Sanjeev Kumar, Deepak Saini, “Large-scale synthesis of Au-
Ni alloy nanowires using electrochemical deposition”
Springer, pp.101-107, April 2012.

Yangiu Li and Liangliang Li, “Synthesis and magnetic
anisotropy analysis of Co/au multilayered nanowires” IEEE
Transactions on Magnetics, Vol. 48, No. 11, November 2012.
Sanjeev Kumar, Deepak Saini, “Structural and magnetic
characterisation of electrochemically deposited co-cu
multilayer nanowires” J.Mater Sci: Mater Electron, Vol.24,
pp. 1086-1089 (Pub : Springer)

Sanjeev Kumar, Deepak Saini, “electrochemical deposition
and characterisation of cu-ni multilayer nanowires” J.Science
of Advanced Materials, VVol.4, pp.1-4, 2012 (Pub : ASP)
K.Y.Kok, C.M. Hangarter, B. Goldsmith, 1.K. Ng, N.B.
Saidin, N.V. Myung, “Synthesis and characterization of
electrodeposited permalloy(nisofezo)/cu multilayered
nanowires” Journal of Magnetism and Magnetic Materials,
pp. 3876-3881, 2010.

Deepak Saini, Sanjeev Kumar, “Improved optical scattering
in multilayer nanowires as compared to single layer
nanowires” International Journal of ChemTech Research,
Vol.7, No.3, pp. 1143-1147, 2014-2015.

3 -
)

=4

Nisha Sharma currently pursuing
M.Tech. at Department of
Electronics and Communication
Engineering, Punjabi University,
Patiala, India. Area of interest is
nanotechnology.

Deepak Saini - Assistant Professor
at Department of Electronics and
Communication Engineering,
Punjabi University, Patiala, India.
He is M.Tech and Pursuing Ph.D.
His area of interest s
Nanotechnology.

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING
A UNIT OF I20R

49 |Page



