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Abstract 

Nanotechnology is the most promising technology that deals with manipulation of matter on an atomic and molecular scale. The 

synthesis of nano materials has received considerable attention because of their unique physical and chemical properties that are 

distinct from the bulk materials. Copper nanoparticles received much attention due to its high electrical conductivity, high 

melting point, low electrochemical migration behavior, excellent solderability and low material cost. Synthesis of nanoparticles 

can be broadly classified into two categories namely top down (physical method) and bottom-up method (chemical and 

biological method). Chemical reduction, sonochemical reduction, micro emulsion techniques, electrochemical, hydrothermal, sol 

gel synthesis, polyol process, biological synthesis and microwave assisted techniques are the major techniques for preparing 

copper nanoparticles from top down (chemical) approach. Electrochemical method was chosen as the most suitable method for 

synthesis of copper nanoparticles because large volume of literatures concerning the production and characterization of copper 

nanoparticles. The electrode position of copper powders from electrolytic solution of copper sulphate is the mostly recommended 

because this approach is most effective, environment friendly and also economical. The advantages of electrochemical method 

includes simple in operation, high flexibility, less contamination, easy availability of equipments and no need of vacuum systems 

to produce pure product. In this project, the size, growth and morphology of copper particles which is produced from 

electrochemical method can be controlled by optimizing the reaction conditions. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Nanotechnology is the most promising technology that deals with understanding and control of matter at the nanoscale and at 

dimensions between approximately 1 and 100 nanometers and quantum effects rule the behavior and properties of particles at 

nanoscale range. When a bulk material is divided into small size particles with one or more dimensions (length, thickness or 

width) in nanometer range, the individual particles demonstrates unexpected properties which are change from those of the bulk 

material. It is known that the atoms and molecules present in the small size particles exhibits totally different behavior than those 

of bulk materials. Metallic nanoparticles find applications in optical, thermal, magnetic, sensoric devices and catalysis due to 

their small dimensions and special properties such as high surface area to volume ratio and high heat transfer. Copper 

nanoparticles received much attention due to its high electrical conductivity, high melting point, low electrochemical migration 

behavior, excellent solderability and low material cost. 

II. METHODOLOGY 

The present study utilizes a real time experimental setup to synthesis copper nanoparticles produced by electrochemical method. 

Figure.1 illustrates the process involved in synthesis and characterization of copper nanoparticles. 

 Selection of suitable method for synthesis of copper nano particles 

 Experimentation using electrochemical method-synthesis of cu  nano particles  

 Comparision and Validation of the  Experimental Results with Analysis  Results  

 Characterization using X-ray Diffraction (XRD) and Scanning electron microscope(SEM) 
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 Materials:  

The copper powder electro deposition was carried out at constant current operation during the electrolysis (galvanostatically) 

using a 500 ml capacity electrolytic cell (made of Glass) having provision for electrode adjustment in all required directions. The 

electrolytic cell having a top cover sheet. The cell consisting of two electrodes: cathode and anode made of copper plate. An 

electrode distance of (7 cm) was maintained to minimize the current losses due to solution resistance .The effective surface area 

of cathode (immersed area) suitable for applying the limited current density was determined by moving vertically the cathode up 

or down the level of the electrolyte The two electrodes were first subjected to mechanical treatment with first rough and fine 

emery paper, shaken in distilled water for a few minutes and wiped with drying paper before being placed in the cell.  

 Experimental Section: 

Electrolysis method was adopted for copper nanoparticles preparation. Copper sulphate salt (CuSO4.5H2O) was kept in an 

electrolytic cell (consists of a cleaned glass vessel, two copper electrodes and direct current (DC) power supply unit), distilled 

water was poured, stirred well and a homogenous aqueous copper sulphate solution was produced.  

 
Fig. 1:  Electrolysis of copper sulphate solution 

Surface-cleaned copper electrodes are connected with positive (Anode) and negative (cathode) of DC Power Supply unit (28 volt 

and 1.5 ampere) separately on one end, inserted in the copper sulphate solution on another end. Electrolysis of this solution was 

done by passing constant current inside solution through anode and cathode. 

III. SYNTHESIS 

Electrolysis of this solution was done by passing 1.5 A0 current inside solution through anode and cathode. A wide range of 

experimental conditions has been adopted with constant current (1.5 A) and with constant concentration of the copper sulphate 

solution for various time periods, in a normal room temperature. At the end of electrolyzing process, a layer of copper deposition 

on the cathode surface was observed. Copper layer was removed from the cathode surface and got copper nanopowder. Its 

structural characterization was studied by using X-ray diffraction. The results confirm the formation of copper nanopowder of 

diameter less than 30 nm. 

Mechanism of Synthesis 

 

 Mechanism of Synthesis: 

When a steady current flow into the electrolytic cell, due to ionization process, the CuSO4 solution is dissociated, copper is 

removed from the anode and deposited on the cathode. Electrons flow from the negative terminal to the cathode, the Cu2+ ions 

move towards cathode and the SO4
2- ions move towards anode. Oxidation reaction takes place at the anode and reduction 

reaction occurs at the cathode, and Cu atoms get deposited at the cathode.  
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 Characterization Techniques: 

X-ray diffraction (XRD) patterns of the electrodeposits was recorded with an X-ray diffractometer using Cu Kά radiation 

(λ=1.54Å) and data was taken for the 2Ө range of 20 to 80° with a step of 0.02°. Scanning electron microscope (SEM) at low 

acceleration voltages was employed to examine the morphology, particle size and microstructure of the electrodeposits at the 

room temperatures. The sample for the spectroscopy measurement was prepared by agitating the deposit with distilled water 

under sonication for about 30 minutes. 

IV. X- RAY DIFFRACTION (XRD) 

The analysis of X-ray diffraction pattern provides variety of information. This includes qualitative (phase identification) and 

quantitative (lattice parameter determination and phase fraction analysis). The peak positions contain information about crystal 

system, space group symmetry, translational symmetry, unit cell dimension and qualitative phase identification. The information 

contained in peak intensities is unit cell contents, point symmetry and quantitative phase identification. The analysis of peak 

shape and width (full-width at half maximum) of the Bragg peaks of the X-ray diffraction pattern provide information on the 

crystallite size and strain. There are various methods for obtaining crystallite size and strain information. Scherrer formula 

provides average crystallite size if strains and instrumental broadening are corrected. Scherrer (1918) first observed that small 

crystallite size could give rise to line broadening. He derived a well-known equation for relating the crystallite size to the 

broadening, which is called the Scherrer Formula. 

 
Where, 

D = Particle diameter size. 

K = Scherrer constant, somewhat arbitrary value that falls in the range 0.87-1.0. 

λ = Wavelength of the radiation (0.1541 nm). 

β = Full-width at half maximum (in radians) at 2Ө. 

 X-Ray Diffraction (XRD) Studies - Peak Indexing: 

The XRD pattern of the copper nanoparticles synthesized by electrolysis method is shown in Figure 2.  

 
Fig. 2: XRD showing peak indices and 2Ө positions. 

Indexing process of powder diffraction pattern is done and Miller Indices (h k l) to all peaks is assigned in first step. Indexing 

is done in two different methods and data are in Tables 1 and 2.Both of these methods bring the same results. In Table 3, it needs 

to find a dividing constant. The values in the 3rd column become integers (approximately). Here, the constant is 45 (= 

182−137).A number of Bragg reflections can be seen which correspond to the (111), (200) and (220) reflections of face centered 

cubic symmetry (FCC) copper. The XRD shows that Cu nanoparticles formed with with mixed phases of copper and copper 

oxide. The size of the Cu nanoparticles estimated from Debye-Scherrer formula is 29 nm. Three peaks at 2Ө values of 43.51, 

50.64, and 73.72 deg corresponding to (111), (200) and (220) planes of copper is observed and compared with the standard 

powder diffraction card of Joint Committee on Powder Diffraction Standards (JCPDS), copper file N0. 03-1005.The XRD study 
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confirms that the resultant particles are FCC copper nanopowder. The experimental diffraction angle [2Ө] and standard 

diffraction angle [2Ө] of Cu specimen in the Table 3 are in agreement. 
 

Table - 1 

Simple peak indexing 

Peak position (2Ө) 1000×Sin2Ө 1000×Sin2Ө/45 Reflection Remark 

43.51 137 3 (1 1 1) 12+12+12 = 3 

50.64 182 4 (2 0 0) 22+02+02 = 4 

73.72 359 8 (2 2 0) 22+22+02 = 8 

Table – 2 

Peak indexing from d-spacing 

2Ө d ( Å ) 1000/d2 (1000/d2)/77 hkl 

43.51 2.07848 231 3 1 1 1 

50.64 1.80101 308 4 2 0 0 

73.72 1.28411 606 7.9 2 2 0 

Table – 3 

Experimental and standard diffraction angles of copper specimen 

Experimental diffraction angle [2Ө in degrees] Standard diffraction angle [2Ө in degrees] JCPDS Copper:03-1005 

43.51 43.25 

50.64 50.371 

73.72 73.99 

 X-ray diffraction (XRD) - Lattice Constant: 

The FCC crystal structure of copper has unit cell edge ‘a’= 3.62 Å and this value is calculated theoretically by using the formula: 

a = 4/2 × r    

For copper r = 128 pm. The experimental lattice constant ‘a’ is calculated from the peak (111) of the XRD pattern is 3.59 Å. 

Both theoretical and experimental lattice constant ‘a’ are in agreement.  
Table – 4 

The grain size of copper nanopowder 

2Ө of the intense peak (deg) radians Hkl FWHM of intense peak (Ө) 
Size of the partcle (D) 

nm 

d-spacing 

nm 

36.60 2 2 1 0.3092 27.05 0.2454 

42.49 1 3 1 0.3243 26.14 0.2120 

43.51 1 1 1 0.2760 30.92 0.2079 

50.64 2 0 0 0.2930 31.77 0.1800 

61.575 1 1 3 0.2946 31.41 0.1505 

73.72 2 2 0 0.3672 27.08 0.1284 

 X-ray diffraction (XRD) - Particle Size Calculation: 

From this study, considering the peak at degrees, average particle size has been estimated by using Debye-Scherrer formula, 

   (1) 

Where, 

‘λ’ is wave length of X-ray (0.1541 nm),  

‘β’ is full width at half maximum (FWHM),  

‘Ө’ is the diffraction angle and ‘D’ is particle diameter size.  

The calculated particle size details are in Table 5. The value of d (the interplanar spacing between the atoms) is calculated 

using Bragg’s Law.  

n λ = 2d sin Ө   (2) 

 X-ray diffraction (XRD) - Specific surface area (SSA): 

SSA is a material property. It is a derived scientific value that can be used to determine the type and properties of a material. It 

has a particular importance in case of adsorption, heterogeneous catalysis and reactions on surfaces. 

S = 6 * 103 Dp ρ   (3) 

Where, 

S is the specific surface area, 

Dp is the size of the particles, and  

ρ is the density of Cu 8.93 g/cm3 (Jo-Yong et al., 2006).  

Mathematically, SSA can be calculated using these formulas. Calculated value of SSA of the prepared copper nanoparticles is 28 

m2/g. 
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V. SCANNING ELECTRON MICROSCOPE 

The surface morphology of copper nanoparticles was analyzed by using SEM. The results of SEM morphological studies are 

shown in figure 3. From the results it was clear that monodispersive hexagonal like crystalline Cu nanoparticles were formed by 

electro deposition process. The small size of nanoparticles results in high surface area and it enhances the catalytic activity. 

       
(a)                          (b) 

 
(c) 

Fig. 3: SEM morphology analysis 

REFERENCES 

[1] Alison Christina Fernandezand Joe Jesudurai., (2012) ‘Hydrothermal synthesis and characterization of copper oxide flower-like nanostructures’, 

Nanocomposite Materials, Vol.50, pp.10541-10543. 
[2] Asim Umer, Shahid Naveed, Naveed Ramzan, and Muhammad Shahid Rafique., (2012) ‘Selection of a suitable method for the synthesis of copper 

nanoparticles’, Nano, Vol.7, No.05, pp.1230005. 

[3] Blosi M, Albonetti S, Dondi M, Martelli C, and Baldi G., (2011) ‘Microwave-assisted polyol synthesis of Cu nanoparticles’, Journal of nanoparticle 
Research, Vol.13, No.1, pp.127-138. 

[4] Brijesh Kumar, Gagandeep Kaur, Singh P, and Rai SB., (2013) ‘Synthesis, structural, optical and electrical properties of metal nanoparticle-rare earth ion 

dispersed in polymer film’, Applied Physics B, Vol.110, pp.345-351. 
[5] Christopher Kitchens L and Christopher Roberts B., (2004) ‘Copper nanoparticle synthesis in compressed liquid and supercritical fluid reverse micelle 

systems', Industrial & engineering chemistry research, Vol.43, No.19, pp.6070-6081. 

[6] Dash PK and Balto Y., (2010) ‘Generation of Nano-copper Particles through Wire Explosion Method and its Characterization’, Research Journal of 
Nanoscience and Nanotechnology, Vol.1, No.1, pp.25-33. 

[7] Ebrahim Akbarzadeh and Sayyed Esmaeil Shakib., (2011) ‘Comparison of effective parameters for copper powder production via electrorefining and 

electrowinning cells and improvement using DOE methods’, International Journal of Minerals, Metallurgy, and Materials, Vol.18, No.6, pp.731-740. 
[8] Erika Godocíkova, Peter Balaz, Eberhard Gock, Woo Sik Choi, and Byung Sun Kim., (2006) ‘Mechanochemical synthesis of the nanocrystalline 

semiconductors in an industrial mill’, Powder Technology, Vol.164, No.3, pp.147-152. 

[9] Gokhan Orhan and Gokce Hapci., (2010) ‘Effect of electrolysis parameters on the morphologies of copper powder obtained in a rotating cylinder electrode 
cell’, Powder Technology, Vol. 201, No.1, pp.57-63. 

[10] Hui Wang, Jin-Zhong Xu, Jun-Jie Zhu, and Hong-Yuan Chen., (2002) ‘Preparation of CuO nanoparticles by microwave irradiation’, Journal of crystal 

growth, Vol. 244 , No.1, pp.88-94. 
[11] Ipsa Subhankari and Nayak PL., (2013) ‘Synthesis of Copper Nanoparticles Using Syzygium aromaticum (Cloves) Aqueous Extract by Using Green 

Chemistry’, World, Vol. 2, No.1, pp.14-17. 

[12] Jae-Young Park, Jong Pil Park, Cha Hwan Hwang, Jieon Kim, Myoung Ho Choi, Kang Min Ok, Ho-Young Kwak, and Il-Wun Shim., (2009) ‘The 
Synthesis of CuInS2 Nanoparticles by a Simple Sonochemical Method’, Bulletin of the korean chemical society, Vol.30 , No.11, pp.2713-2716. 

[13] Joanna P Cason and Christopher B Roberts., (2000) ‘Metallic copper nanoparticle synthesis in AOT reverse micelles in compressed propane and 

supercritical ethane solutions’, The journal of physical chemistry B, Vol.104, No.6, pp.1217-1221. 
[14] Khayati GR, Nourafkan E, Karimi G, and Moradgholi J., (2012) ‘Synthesis of cuprous oxide nanoparticles by mechanochemical oxidation of copper in high 

planetary energy ball mill’, Advanced Powder Technology, Vol.24, pp.301-305.  


