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ABSTRACT

This paper shows that nickel nanowires of length 11um and diameters 800 and 15nm were grown within
the pores of nuclear track polycarbonate membrane by electrodepositing nickel. Surface morphology and
crystallographic structure of the deposited nanowires was investigated using SEM, TEM and XRD
respectively. It is found that low current density gives good result, while high current density leads to the
Sformation of curled nanowires. Fabricated nanowires were further investigated for electrical properties
and found that nanowires obey ohm’s law. Through structural characterization it has been observed that
the fabricated nanowires posses FCC lattice structure.
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1. INTRODUCTION

Nanowires are one of the most interesting nanostructures with potential application in the field
of sensors and renewable energy devices. Out of the various fabrication techniques, such as self-
assembly [1], sputtering or evaporation, template-based synthesis is the most suitable one for
fabricating metallic nanowires. Template synthesis [2] is relatively inexpensive and simple
technique, through which the nanowires can be formed in a uniform and parallel porous
structure. In template synthesis process, size and shape of the nanowires remain confined to the
pores of template. A versatile approach that has been used by a number of groups for fabricating
freestanding metal, semiconductors and polymers nanowires through electrodeposition into
nanoporous membrane template was given by Possin [3] and C. R. Martin [1]. A technique
suitable for fabricating structure with high aspect ratios and small lateral dimensions involves a
combination of heavy ion irradiation and chemical etching of some dielectric materials [4].
Conditions related to electrolyte composition and electroplating parameters, such as current
density, electrolyte temperature etc. markedly affect the properties and structure of Ni nanowires
[5]. Metal nanowires are of great interest due to their electrical [6,7], optical [8,9] and magnetic
[10] properties.

2. FABRICATION AND CHARACTERIZATION

In the present work, the technique of template synthesis has been employed for fabricating high
aspect-ratio nanowires of nickel into the pores of nuclepore polycarbonate membranes having
nominal pore size of 800 and 15nm, with a pore density of 10° cm™ and 11 pm thicknesses.
Two-electrode electrochemical cell has been used for depositing nickel into the pores of the
template. Similar cell design has been used previously for fabricating copper nanowires [11].
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Nickel plating is similar to other electroplating processes that employ soluble metal anodes. It
requires the passage of direct current between two electrodes that are immersed in a conductive,
aqueous solution of nickel salt. The flow of direct current causes one of the electrodes (the
anode) to dissolve and the other electrode (cathode) to get covered with a layer of elemental
nickel. For deposition of nickel nanowires, the cell was filled with freshly prepared and filtered
electrolyte, comprising of 60 g/l of NiSO,.6H,0 along with 30 g/l of H;BO; (Boric Acid)
dissolved in double distilled, de-ionized water at room temperature (35°C). Nickel sulfate is
available in commercially pure form and is relatively inexpensive. Boric acid is used for
buffering purposes.

The electrodeposition was performed potentiostatically at a low current density of 6 mA/cm’
which has been found to yield good results (refer

Figure 1). Whenever very dense and closely packed nano/microstructures are deposited using
polycarbonate membrane, the structures are forced to grow in an upward ensemble, i.e. in a
direction normal to the substrate surface. It is generally believed that the nanowires in such a
scenario are held together by Van der Waals interaction and that it is so closely packed that the
only possible growth direction is upwards. This phenomenon is very well depicted by the
nanowires shown in

Figure 1. In case the electrochemical deposition is carried out even after complete filling of the
pores, hemispherical caps begin to appear over the tops of the wires, as is shown with an arrow-

mark in

Figure 1. Eventually, these caps will coalesce to form bulk material, if deposition is continued
further. The diameter of the Ni nanoowires corresponds well with the pore diameter of the used
polycarbonate membrane.

In another deposition setup, where relatively high current density of 30mA/cm* was used, the
resulting nanowires, subsequent to the deposition of template membrane were found to be
curled, as can be seen from the micrographs given in Figure 3. As all other parameters were kept
same, the high current density is believed to be the cause of deviation from straight geometry.
Figure 2 shows the X-ray diffractogram of the deposited nickel nanowires. In all the X-ray
diffraction patterns, five peaks have been observed in the span ranging from 40° to 80°. Lattice
planes corresponding to these peaks have been identified by applying extinction rules, these
peaks and associated d-values have been found to correspond to the nickel Akl planes (111),
(200), (220), (311) and (222) thus confirming FCC structure of the nanowires formed.
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Figure 1. SEM image showing nickel nanowires grown in membrane having pore diameter of

800nm
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Figure 2. X-Ray diffractogram of nickel nanowires deposited at 40°C in membrane having pore
diameter of 800nm.

The transmission electron micrograph of 15nm diameter, high aspect ratio nickel nanowires is
shown in Figure 4. The wires have a tendency to form clusters in the ethanol solution, which are
hard to disintegrate through ultrasonic agitation. The selected area electron diffraction (SAED)
pattern for these nickel nanowires is given in Figure 5. The lattice structure is found to be FCC
with lattice parameter of 3.5 angstroms, as computed in Table 1. The planes thus identified have
been marked on corresponding diffraction rings in Figure 5.
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Figure 3. SEM showing curled nanowires
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Figure 4. TEM image showing nickel nanowires grown in membrane having pore
diameter of 15nm
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Figure 5. Selected area electron diffraction pattern obtained for nickel nanowires
grown in membrane having pore diameter of 15nm

The electrical characteristics of the deposited nanowires were studied using Keithley 617
programmable voltage source and electrometer. Figure 6 and Figure 7 represent the voltage-
current (V/I) characteristics of 800 and 15nm nickel nanowires embedded in the polycarbonate
membrane. The linear V/I graphs show that the nanowires obey ohm’s law.
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Table 1. Determination of lattice structure of nickel from SAED Pattern

Lattice Lattice
0 (rad) sin” O Ratios planes | Parameter
0.006218311 0.000038667 3.000 (111) i
3.50 A
0.007241253 0.000052435 4.068 ~ 4 (200)
0.010172063 0.000103467 8.027 ~ 8 (220)
0.011953454 0.000142878 11.085 ~11 (311)
0.012484991 0.000155867 12.017 ~ 12 (222)
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Figure 6. The V/I characteristics of nickel nanowires grown in membrane having pore diameter of
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Figure 7. The V/I characteristics of nickel nanowires grown in membrane having pore diameter of

15nm.

3. CONCLUSIONS

Template synthesis has become a powerful and very simple technique for fabrication of
nanowires of high aspect ratio. With this technique, it is possible to grow nanowires with defined
diameter and length depending on the applied current and time. It is observed that low current
density yields the most favorable results and from the SEM images shows that about 90% to
95% of the pores were filled. The transmission electron micrograph shows high aspect ratio
nickel nanowires. XRD and SAED diffraction studies reveal that the fabricated nanowires have
an FCC crystal lattice similar to pure nickel in bulk form. The current-voltage characteristics
show that the fabricated metallic wires obey ohm’s law.
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