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_____________________________________________________________________________________________ 
Abstract 

 
 
Electrodeposition technique has been around for a very long time.  It is a process of coating a thin layer of one 
metal on top of a different metal to modify its surface properties, by donating electrons to the ions in a solution.  
This bottom-up fabrication technique is versatile and can be applied to a wide range of potential applications. 
Electrodeposition is gaining popularity in recent years due to its capability in fabricating one-dimensional 
nanostructures such as nanorods, naowires and nanotubes.  In this paper, we present an overview on the fabrication 
and characterization of high aspect ratio nanostructures prepared using the nanoelectrochemical deposition system 
set up in our laboratory. 
 
 

Abstrak 
 
 
Elektro-pemendapan merupakan teknik yang telah lama dibangunkan.  Ini adalah proses salutan nipis satu logam 
ke atas logam lain untuk mengubah sifat permukaan, dengan menyumbang electron kepada ion di dalam larutan.  
Teknik fabrikasi ini adalah fleksibel dan boleh digunakan untuk berbagai aplikasi yang berpotensi.  Akhir-akhir ini 
elektro-pemendapan telah mendapat perhatian kerana kemampuannya dalam fabrikasi nanostruktur satu-dimensi 
seperti nanorod, nanowayar dan nanotiub.  Laporan ini menerangkan proses fabrikasi dan pencirian nanostruktur 
yang difabrikasi melalui sistem pemendapan nanoelektrokimia yang dibangunkan di makmal. 
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INTRODUCTION 
 
Electrodeposition, a short version of electrolytic deposition, is the conventional process of coating a thin layer of one 
metal on top of a different metal to modify its surface properties.  Based on the principle of electrolysis, it is a 
process that uses electrical current to reduce the cations of a desired material from an electrolyte and coat those 
materials as a thin film onto a conductive substrate surface.  This is done to achieve the desired electrical and 
corrosion resistance, reduce wear and friction, improve heat tolerance and for decoration.  Hence the surface 
properties of a material can be tailored and new materials for a variety of applications can be explored through this 
technique.  Figure 1 shows a simple electrodeposition system for nickel chloride solution. 
 
 

ELECTRODEPOSITION PRINCIPLES 
 

The electrolyte solution contains positively charged nickel ions (cations) and negatively charged chloride ions 
(anions).  Under an applied external electric field, the cations migrate to the cathode where they are discharged and 
deposited as metallic nickel. 
 

Ni2+ + 2e          Ni (metal) 
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Nickel from the anode dissolves into the solution to maintain the electrical neutrality. 
 

Ni          Ni2+ + 2e      
 
The overall process is known as electrolysis.  Noble metal, platinum plate, is used as the anode.  The reaction occur 
at the anode is the oxidation of water. 
 

2H2O          4H+ + O2 + 4e 
 

The chloride ions remain unchanged in quantity during the electrolysis but the concentration of Ni2+ ions will 
decrease and that of H+ ions will increase with time as the noble metal is used as the anode in this work. 

 

 
Figure 1: Simple electrodeposition system 

 
Under the influence of an applied potential, rearrangement of ions near the electrode surface results in an electrical 
double layer called Helmholtz double layer, followed by the formation of a diffusion layer (Figure 2).  The process 
is as follows: 
 

1. Migration – the hydrated metal ions in the solution migrate towards the cathode under the influence of 
impressed current as well as by diffusion and convection. 

2. Electron transfer – at the cathode surface, a hydrated metal ion enters the diffused double layer where the 
water molecules of the hydrated ion are aligned.  Then the metal ions enter the Helmholtz double layer 
where it is deprived of its hydrate envelope. 

3. The dehydrated ion is neutralized and adsorbed on the cathode surface. 
4. The absorbed atom then migrates or diffuses to the growth point on the cathode surface. 

 
Thickness of the electroplated layer on the substrate is determined by the time duration of the plating.   
 
 
Influencing factors in Electrodeposition 
  
1. Current density 
2. The nature of the anions or cations in the solutions 
3. Bath composition and temperature 
4. Solution concentration 
5. Power supply current waveform 
6. The presence of impurities 
7. Physical and chemical nature of substrate surface 

 



 
Figure 2: Electrical double layer 

 
APPLICATIONS 

 
Applications of electrodeposition can be grouped into the following four main categories: 
 

1. Decorations – coating a more expensive metal onto a base metal surface in order to improve the 
appearance.  Applications are jewellery, furniture fittings, builders’ hardware and tableware. 

2. Protection – Corrosion-resistant coatings such as chromium plating of automobile parts and domestic 
appliances, nuts, screws and electrical components. 

3. Electroforming – manufacture of sieves, screens, dry shaver heads, record stampers, moulds and dies. 
4. Enhancement – coatings with improved electrical and thermal conductivity, solderabilitry, reflectivity, 

printed circuitry and electrical contacts, production of micro parts for MEMS. 
 

LAB PROCEDURES 
 

For electrodeposition of nickel nanowires, a thin film of Au was first sputter-coated onto one side of the Anodized 
Aluminum Oxide (AAO) template, using an Emitech 550 table-top sputter coater, as the conductive seed layer.  
Nickel nanowires were subsequently deposited galvanostatically using a GAMRY potentio/galvanostat, with 
template serving as the cathode and platinum plate as the anode.  The electrolyte used for the deposition was 0.2 M 
NiCl2.6H2O, with 0.5 M H3BO3 as the stabilizer. Acidity of the electrolyte was adjusted to pH 3 by adding HCl or 
NaOH.  Electrodeposition was performed using a current density of 10 mA cm-2 based on 1 cm2 area of the cathode.  
The experiment was conducted at room temperature. 
 
After electrodeposition, the seed layer was removed using gold etching solution constituted of 2.5 g KI, 10 ml I2 and 
90 ml H2O and the nanowires were released by dissolving the AAO template in 5 M NaOH solution.  The nanowires 
were subsequently concentrated by centrifuging and rinsing in nanopure water to remove the NaOH solution.  The 
suspended nanowires were stored in isopropyl alcohol. 
 
Microstructural and morphological studies of the nanowires were conducted using an X-Ray diffractiometer 
(Panalytical X-Pert PRO MPD) operating at 40 kV and 20 mA with Cu Kα radiation and a scanning electron 
microscope (FEI QUANTA 400) operating at an accelerating voltage of 30 kV. 

 
RESULTS AND DISCUSSION 

 
Figure 3(a) shows nickel nanowires deposited in the pores of the AAO template.  It is clearly evident that the nickel 
nanowires are oriented parallel to one another.  Their diameters are highly uniform and of the same size as the pores 



of the AAO template used.  Deposition of nickel nanowires started at the seed layer at the bottom of the pores of the 
AAO template, followed by growth along the pore walls until the top of the template.  Deposition occurred along the 
surfaces of the pore walls due to the large surface area available as energetically favourable sites for the adsorption 
of the nickel ions from the electrolyte, which was reduced to form nickel deposit on the pore walls [2].  Once the 
pores were completely filled with nickel, further electrodeposition produced hemispherical caps on the AAO 
template, which subsequently merged together to form continuous film overgrowths as seen in Figure 3(b). 
 
Figure 4 shows the X-ray diffraction patterns of nickel nanowires embedded in AAO template.  The nanowires were 
polycrystalline with face-centered cubic (fcc) structure indicated by the presence of two prominent peaks close to 
2theta angles of 44.5° and 76.4°, corresponding to Ni (111) and Ni (022) diffractions respectively.  Preferred 
orientations of the nanowires relied upon the types of electrolytes used as well as the current densities during 
deposition.  Nickel nanowires deposited with chloride bath were found to have preferred orientation along the [111] 
direction.  It has been reported that if the deposition potential is much greater than the redox potential of nickel, 
[220] tends to be the preferred orientation for nickel nanowire deposition [3].  
 

  
 
Figure 3: SEM micrographs showing (a) nickel nanowire arrays in the pores of AAO template and (b) thick nickel 
overgrowths on the top surface of the AAO template. 
 

 
 

Figure 4: XRD patterns of nickel nanowires in the pores of AAO template. 
 

CONCLUSION 
 
Electrodeposition is a cost-effective and high through-put method for fabricating low-dimensional nanostructures 
due to its capability in filling high aspect ratio templates for nanostructures synthesis, easy scalability to meet 
commercial demand as well as cheap and low energy operation.  Using the nanoelectrodeposition facilities which 
have been successfully developed and set up in the Materials Technology Group, Malaysian Nuclear Agency, we 

(a) (b) 
Overgrowth 



have been able to fabricate a range of high quality low-dimensional functional nanostructures.  These include thin 
films, single layer and multilayer nanowires, nanorods, nanotubes and anodized aluminum oxide (AAO) templates. 
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