Journal oflndustrial Technology Vol 19(1), 2010- ICONT 2009, 71 - 79

FABRICATION AND CHARACTERIZATION OF ELECTRODEPO SITED
ONE-DIMENSIO NAL NANOSTRUCTU RES
Kok Kuan Ving1, Ng Inn Khuan1, Nur Ubaidah Saidin 1*, Nurazila Mat Zali1,
Siti Salwa Zainal Abidin 1 and Nosang V. Myung2

Malaysian Nuclear Agency, Sangi, 43000 Kajang, Selangor D. E.
Department of Chemical and Environmental Engineering, University of California-Riverside,
Riverside, California 92521.
1

2

*(ubaidah@nuclearmalaysia.gov.my)
ABSTRACT : Electrochemical synthesis including electrodeposition, electroless deposition,

and galvanic displacement offers tremendous versatility as a cost-effective method for
synthesizing one-dimensional nanostructures such as nanowires, nanotubes, as well as
radial and axial heterostructures.
In this study, high aspect ratios ferromagnetic nickel
nanowires with well-controlled dimensions and structures were first synthesized via
template-assisted electrochemical deposition using anodized alumina membranes as
scaffolds. Co-axial heterostructures or nanotubes were subsequently synthesized by
galvanically displacing the sacrificial Ni nanowires with Te, Pd and Ag. It was found that
the orientations of the electrodeposited Ni nanowires were governed by the deposition
current and electrolyte conditions, while the composition and microstructural
transformation of the nanowires via galvanic displacement process were governed
by the temperature, reaction time and concentration of the electrolytes. Structural
evolution of the nanostructures obtained was investigated using various microscopy,
diffraction and probe-based techniques and the growth mechanisms involved
were discussed.
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INTRODUCTION

One-dimensional nanostructures have found improved performance in devices such as
photovoltaic, gas sensor and magnetic sensor due to its dimensionality and functionality
(Searly, 2008; Yang & Poeppelmeier, 2006). The advancement of electrochemical synthesis
techniques in creating various structures of one-dimensional materials has provided the
opportunity to innovate new materials architectures for achieving new functionalities in a
cost-effective way. Template-assisted electrodeposition, for example, allows the deposition
of high aspect ratio nanostructures such as single elemental or heterostructure nanowires
(Fert & Piraux 1999; Laocharoensuk et al. , 2007) while galvanic displacement of the materials
allows the transformation of materials to nanostructures such as nanotubes or coaxial
nanowires (Xiao et al., 2007; Lv et al., 2009) to achieve the desired chemistry, morphology
and microstructures.
Galvanic displacement is an electroless deposition process that takes advantage of the
difference in the standard electrode potentials of different elements, leading to localised
cathodic and anodic reactions without the use of additive, applied current and complicated
procedures. Various metallic nanotubes such as Au, Pd, Pt, Ag, Cu and binary intermetallic
compounds like Bi-Te, Pd-Ag have been synthesized via this process (Li et al. , 2002;
Xiao et al., 2007; Sun, Mayer and Xia, 2003). In this study, nickel nanowires were
synthesized by template-assisted electrodeposition. The electrolyte conditions and the
deposition currents were varied systematically in order to examine this effect on the crystal
structure, morphology and chemistry of the nanowires. By galvanically displacing Ni
nanowires with Te, Pd and Ag, various structures were obtained, the microstructures of
which were then examined using a range of microscopy, diffraction and probe-based
techniques.

MATERIALS AND METHODS

Using commercially available anodized alumina (Whatman Anodise 13) as templates, Ni
nanowires with approximately 200 nm diameters were synthesized at fixed current densities
of 10 mA cm-2 and 50 mA cm-2 respectively using a two-electrode system with platinum
as the counter electrode and alumina template as the working electrode. Prior to
electrodeposition, the back side of the templates were sputter-coated with a layer of Au
through seven consecutive sputtering runs at 20 mA for 3 minutes.
Two types of Ni electrolyte baths with different cations were used: E1 consisting of 1 M
NiCl2 .6Hp + 0.5 M H3 B03 while E2 consisting of 1 M NiS04 -6Hp + 0.5 M H3 B03 • After
electrodeposition, the gold-sputtered layer were removed using gold etching solution
constituting 2.5 g Kl, 10 ml 12 and 90 ml Hp. The template was subsequently dissolved in
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1 M NaOH solution. The nanowires were concentrated by centrifuging and rinsing in
nanopure water and the process was repeated for three times to remove the NaOH solution
and finally suspended in isopropyl alcohol.
2 µL of the nanowire suspension was then dispensed on a silicon wafer to allow the solvent
to evaporate. A 2 µL electrolyte solution consisting of 10 mM X + 1 M HN03 was dispensed
onto the nanowires, where X is Te02 , Pd(N03 ) 2 and AgN03 to galvanically displace the
nanowires with Te, Pd and Ag respectively. The reaction was conducted at room temperature
for 20 min.
The microstructures and morphology of the nanowires were examined using a Scanning
Electron Microscope (FEI QUANTA 400) equipped with an X-ray Energy Dispersive
Spectrometer (EDS) and operating at an accelerating voltage of 30 kV. The crystallographic
information on the nanowires was obtained using X-ray diffractions performed on an X-ray
diffractometer (Panalytical X-Pert PRO MPD) operating at 40 kV and 20 mA using Cu Ka
radiation.

RESULTS AND DISCUSSION

Figure 1 shows the Scanning Electron Microscopy (SEM) images of the Ni nanowire arrays
and the free standing nanowires after being released from the templates. Nanowires with
uniform lengths and diameters were obtained. The length of the nanowires was governed by
the deposition time with the average diameter maintained at 200 nm.

Figure 1. SEM images of (a) nickel nanowire arrays. The nanowires exhibit regular
cylindrical shape with uniform lengths and diameters. The template has been removed while
the base of the nanowires is still attached to the gold layer. The nanowires are partially
oriented to reveal their lengths. (b) free standing nickel nanowires after removal of gold layer
and template
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The X-ray diffraction patterns in Figure 2 shows that the wires are polycrystalline with
face-centred-cubic structure, as evident from the presence of three diffraction peaks close
to 29 angles of 44.5°, 51.8° and 76.4°, corresponding to Ni(111 ), Ni(002) and Ni(022)
diffractions respectively. The preferred orientation of the nanowires depends on the types
of electrolytes used as well as the current densities during deposition. The most intense
peak switches from 022 to 111 for Ni deposited using electrolyte E1 when current density
changes from 1 mA cm·2 to 50 mA cm·2 , while the reverse occurred for Ni deposition using
electrolyte E2.
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Figure 2. X-ray diffractograms of nickel nanowires prepared using (a) electrolyte E1 with
current density of 1 mA cm-2 , 10 mA cm-2 and 50 mA cm-2 , and (b) electrolytes E1 (chloride
bath) and E2 (sulphate bath) with current density of 1 mA cm·2 • The preferred orientation of
the nanowires is affected by the current density and the electrolyte used.
Figure 3 shows the SEM images of the nanostructures obtained after galvanic displacement
The Energy Dispersive X-ray
of Ni nanowires with Pd, Te and Ag respectively.
displacement reaction reveal
after
Spectroscopy (EDS) results recorded from the samples
that the Ni nanowires were fully transformed to Pd, Te and Ag after 20 min immersion in
respective electrolyte solutions at room temperature.
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Figure 3. SEM images and EDS spectrums of the nanostructures formed after galvanical/y
displacing nickel nanowires with (a) Te {b) Pd and (c) Ag electrolytes at room temperature for
20 min. No Ni was present in the EDS spectrums indicating complete displacement of Ni.
(a) and (b) shows Te and Pd nanotube structures with rough and grainy morphologies while
(c) shows Ag nanowires of smooth morphology
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A more detailed study on the morphological and structural changes induced by the
galvanic displacement process of nickel nanowires was carried out using Pd(N03) 2 solution
of different concentrations, temperatures and reaction times and the results were shown
in Figure 4. From the EDS results in Figure 5, Pd was found to fully displace nickel
nanowires forming Pd nanotubes at 60 °C for a reaction time as low as 10 min while incomplete
displacement of Ni (16 %) was observed for similar reaction time at room temperature.
Increasing reaction time yields rougher and grainier morphologies due to aggregation of Pd
particles along the surface of the nanowires. The optimum condition for full-displacement of
Ni nanowires with Pd having uniform morphology was achieved using 1 mM Pd solution at

60 °C for 10 min.
The driving force of the galvanic displacement reaction comes from the difference in the
reduction potential gaps between Ni2+/Ni and Pd2+/Pd according to the following reaction
equation:
Ni0 (s) + 2 Pd+ (aq) - 2 Pd0 (s) + Ni2 + (aq)

(1)

The exchanged reaction is initiated from the external surfaces of the nickel nanowires with
Pd ions accepting electrons from Ni to form Pd nucleus which chained up to form a coating.
As the reaction proceeds, Pd evolves into a very thin shell at the edges of Ni nanowires
while nickel nanowires dissolve to form a uniform channel along the nanowire axis. Longer
reaction time tends to thicken the Pd surface with aggregation of Pd particles to form rough
Pd nanotubes.

CONCLUSION

In this work, various one-dimensional nanostructures ranging from nanowires and
nanotubes had been successfully synthesized using a combination of template-assisted
electrodepositon and galvanic displacement techniques. Orientation of the nanowires
produced was found to be governed by the current densities and the types of cations present
in the electrolyte bath. We have also demonstrated that composition and microstructural
transformations of the nanowires via galvanic displacement process were controlled by the
temperature, reaction time and concentration of the electrolytes used. This technique can
be applied to the synthesis of a wide range of nanomaterials and is potentially promising for
commercial exploitation because it is simple, cheap and can be easily scaled up for industrial
production.
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Figure 4. Microstructural evolution of the nickel nanowires displaced using different
conditions of Pd(N0:)2 solution.
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Si
Elem

\/Vt % At % f<-Ratio Z

A

F

SiK 80.09 90.55 0.5314 1.0178 0.6513 1.0008
Pdl 5.42 1.62 0.0277 0.8269 0.6169 1.0000
NiK 14.49 7.84 0.1317 0.9344 0.9729 1.0000
Total 100.00 100.00
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Wt% At% K-Ratio

Z
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F

SiK 85.68 95.64 0.7130 1.0199 0.8142 l.0021
PdL 13.74 4.05 0.0708 0.8289 0.6218 1.0000
NiK 0.58 0.31 0.0052 0.9366 0.9575 1.0000
Total 100 .00 100 .00

Ni

Pd

Ni

Figure 5. EDS spectrums obtained for nickel nanowires that have been (a) displaced in
1 mM Pd(N0)2 solution at room temperature for 10 min, and (b) fully displaced in 1 mM
Pd(N03)2 solution at 6CfC for 10 min
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