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Abbreviations:Cu, Copper; DLS, Dynamic Light Scattering; 
XRD, X-Ray Diffraction; SEM, Scanning Electron Microscopy; 
TEM, Transmission Electron Microscopy; EDX, Energy Dispersive 
X-ray; MNPs, Metallic Nanoparticles; AR, Analytical Grade

Introduction
Nanoscience and nanotechnology involve the study and working 

with matter on an ultra-small scale. Nanomaterial is of enormous 
scientific attention as they are effectively a bridge between bulk 
materials and atomic or molecular structures. A bulk material must 
have constant physical properties apart from of its size, but at nano 
scale this is often not the case. The properties of the materials modify 
as their size approaches the nano scale and as the percentage of atoms 
at the surface of a material suits important. For bulk materials bigger 
than one micrometer the percentage of atoms at the surface is less, 
relative to the total number of atoms of the material. Therefore these 
interesting and sometimes unexpected properties are partly due to 
the surface that leads in nanoparticles, which is not the case in bulk 
materials. Interest in metal nanoparticles is driven which reveal 
novel chemical and physical properties due to their small physical 
dimensions. Owing to their small size and large surface area the metal 
nanoparticles have unique electronic, mechanical, magnetic and 
chemical properties that are different from those of bulk materials. 
For these reasons metallic nanoparticles have found applications 
in different fields such as electronic, thermal, catalysis, photonics, 
biosensors and optoelectronics.1-4

Metallic nanoparticles (MNPs) were the subject of deep research 
during the recent years because of their unique properties compared 
to bulk metals.5-7 Among the different metal particles, copper 
nanoparticles have received considerable attention because copper 
is a versatile material which finds various applications in different 
fields of research. Copper has a superb electrical conductivity. 
Owing to fairly low costs, copper plays a significant role in modern 
electronic circuits.8 Because of its admirable electrical conductivity, 
catalytic behaviour, good compatibility and surface enhanced Raman 
scattering activity, copper nanoparticles have drawn the attention 
of scientists who will be using them as components in the nano-

devices of future.9 Copper nanoparticles were investigated to be 
used as nanoprobes in medicines and bio-analytical areas. Copper 
nanoparticles and nanowires were prepared by different methods.10-12 
Copper nanoparticles are broadly used as alternative catalysts, IR such 
as selective hydrogenation and methanol synthesis reactions, which 
make them suitable for application in the field of catalysis and it is 
also extensively used in lubricants, polymers/plastic, metallic coating 
and ink.13,14 The prepared copper nanoparticles were characterized by 
powder X-ray diffraction analysis, Scanning Electron Microscopy 
(SEM), Transmission Electron Microscopy (TEM), Energy Dispersive 
X-ray (EDX) spectrum, DLS, UV-analysis and dielectric studies.

Experimental procedure

In a typical synthesis, Copper sulphate, sodium borohydride 
and tri-sodium citrate of analytical grade (AR) purity were used. 
The solutions of all the reacting materials were prepared in distilled 
water. Copper sulphate solution kept in a flask was reduced by drop 
wise addition of highly dilute solution of sodium borohydride in a 
nitrogen atmosphere. During the process of reaction, the solution was 
stirred forcefully. As the colour of the solution turned to light yellow 
5 ml of trisodium citrate was added drop by drop as stabilizer. After 
the solutions were cooled to room temperature, nanoparticles were 
obtained by centrifugation and washing. The as-prepared nanoparticles 
were dried in vacuum at 60°C for 12 hours for characterization.

Results and Discussion
X-ray diffraction analysis

X-ray powder diffraction (XRD) is a powerful technique used 
to uniquely identify the crystalline phases present in materials and 
to measure the structural properties (strain state, grain size, epitaxy, 
phase composition, preferred orientation, and defect structure) of 
these phases. The XRD pattern of the Cu nanoparticles was recorded 
by using a powder X-ray diffractometer (Schimadzu model: XRD 
6000 using CuKα) with a diffraction angle between 20° and 80°. 
Figure 1 shows X-ray diffraction patterns of Copper nanoparticles. 
The broadenings of the peaks due to crystallites with sizes in the 
nanometer scale are also observed. The peaks are very sharp due to the 
nanocrystalline nature of copper. Figure 1 shows three peaks (111), 
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Abstract

Copper (Cu) nanoparticles were prepared by chemical reduction method. The synthesized 
Cu nanoparticles were characterized with different techniques such as powder X-ray 
diffraction (XRD), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray 
(EDX) spectrum, Transmission electron microscopy (TEM), UV-Visible spectrum and the 
dielectric properties of the prepared nanoparticles. The X-ray diffraction (XRD) analysis 
was used to study the structure and crystallite size of Cu nanoparticles. The morphology and 
the size of the Cu nanoparticles were characterized using Scanning Electron Microscopy 
and Transmission Electron Microscopy (SEM and TEM). The elemental composition of 
Cu nanoparticles was analyzed by Energy Dispersive X-ray (EDX) spectrum. The particle 
size of the Cu nanoparticles was also analyzed, using the Dynamic Light Scattering (DLS) 
experiment. The optical properties were studied using the UV-Visible spectrum in the 
wavelength range of 550 - 900 nm. The dielectric properties of Cu nanoparticles were 
studied at room temperature.
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(200) and (220) planes of copper, respectively. No impurity peak is 
observed in the X-ray diffraction pattern. The crystallite size was 
determined from the broadenings of the corresponding X-ray spectral 
peaks by using Scherrer’s formula. The average nano-crystalline size 
(D) was calculated using the Scherrer formula,

Figure 1 XRD spectrum of Cu nanoparticles.

Where λ is the X-ray wavelength, θ is the Bragg diffraction angle, 
and β is the FWHM of the XRD peak appearing at the diffraction 
angle θ. The average crystalline size was calculated from X-ray line 
broadening peak and Scherrer equation and it was found to be about 
22 nm.

Scanning electron microscopy (SEM) and energy-
dispersive X-ray (EDX) analysis

Scanning electron microscope (SEM) is one of the most widely 
used techniques used in characterization of nanomaterials and 
nanostructures. The signals that derive from electron-sample 
interactions reveal information about the sample including surface 
morphology (texture), chemical composition of the sample. The 
morphology of the Cu nanoparticles was carried out on JEOL, JSM- 
67001 and the image is shown in Figure 2. The average particle size 
of the Cu nanoparticles was obtained around 50 nm and they were 
of spherical shape. The composition of copper nanoparticles was 
analyzed by using Energy-Dispersive X-ray (EDX) analysis and the 
image is shown in Figure 3. The spectrum shows sharp peaks that 
confirm the presence of Cu nanoparticles.

Figure 2 SEM image of Cu nanoparticles.

Figure 3 EDX image of Cu nanoparticles.

Transmission electron microscopy (TEM)

Transmission electron microscopy (TEM) is widely used to 
observe the size of small nanoparticles through imaging, revealing 
phase/crystallographic orientation information through a diffraction 
pattern and discovering chemical composition by means of the energy 
spectrum. Transmission Electron Microscope (TEM) image was 
obtained using an H-800 TEM (Hitachi, Japan) with an accelerating 
voltage of 100kV TEM is commonly used for imaging and analytical 
characterization of the nanoparticles to assess the shape, size, and 
morphology. TEM image of the as-prepared spherical shaped Cu 
nanoparticles is shown in Figure 4. In addition to the individual 
particles, some aggregates are also present. The particle sizes are 
estimated in the range of 30 to 50 nm.

Figure 4 TEM image of Cu nanoparticles.

Dynamic light scattering (DLS) studies

Dynamic Light Scattering (DLS) is a very important tool for 
characterizing the size of nanoparticles in a solution. When the DLS 
sizing data are compared with the transmission electron microscope 
images, the aggregation state of the particles can be analyzed. The 
dynamic light scattering experiment showed that the particle size of 
copper nanoparticles was in the range of 30 to 50 nm, and this was 
well supported by the TEM analysis (Figure 5).

Optical studies

Absorption of electromagnetic radiation is the way by which the 
energy of a photon is taken up by matter, typically the electrons of an 
atom. UV-visible spectroscopy is used when involving the absorption 
of these high energy lights by atoms or molecules, which causes 
electronic excitation. The optical absorption spectrum of copper 
nanoparticles was recorded in the wavelength region 550 – 900 nm 
using the VARIAN CARY MODEL 5000 spectrophotometer and it 
is shown in Figure 6a. The synthesized copper nanoparticles show 
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an absorption peak at around 570 nm. This peak can be ascribed to 
the absorption of nanoparticles of copper. The dependence of optical 
absorption coefficient on photon energy helps to analyze the band 
structure and the type of transition of electrons. The optical absorption 
coefficient (α) was calculated from transmittance using the following 
relation

Figure 5 Particle size of Cu nanoparticles.

Figure 6a&b UV-Visible absorption spectrum of Cu nanoparticles (b) Plot of 
(αhν)2 vs photon energy.

Where T is the transmittance and d is the thickness of the sample. 
The study has an absorption coefficient (α) obeying the following 
relation for high photon energies (hν)

where α, Eg and A are the absorption coefficient, band gap and 
constant respectively. Determination of optical band gap is based on 
the photon induced electronic transition between the conduction band 
and the valance band. By extrapolating the linear region in the plots 
of versus (αhν)2 versus hν is shown in Figure 6b, the band gap value 
is estimated at 2.3 eV.

Dielectric studies

The dielectric analysis is an important tool used to know the details 
about the electrical properties of material at different frequencies. 
The dielectric properties of the copper nanoparticles were analyzed 
using a HIOKI 3532-50 LCR HITESTER over the frequency range 
50Hz-5MHz. The dielectric constant was analyzed as a function of 
the frequency at room temperature as shown in Figure 7, while the 
corresponding dielectric loss is shown in Figure 8. It is observed 
from the profile that both the dielectric constant and the dielectric 
loss decrease with increase in frequency at room temperature. The 

large dielectric constant at low frequency shows the occurrence of 
space charge polarization arising at the grain boundary interface.15,16 
The involvement of the decrease in the dielectric constant owing 
to electronic polarization is relatively less. The contribution to 
polarizability of the space charge depends on the purity of the 
nanoparticles.17 The dielectric loss studied as a function of frequency 
at room temperature is shown in Fig.8. The dielectric loss decreases 
with an increase in the frequency. The curve suggests that the 
dielectric loss is strongly dependent on the frequency of the applied 
field, comparable to that of the dielectric constant. 

Figure 7 Dielectric constant of Cu nanoparticles.

Figure 8 Dielectric loss of Cu nanoparticles.

Conclusion
Copper nanoparticles were prepared by chemical reduction 

method. Their structural properties were investigated by XRD 
analysis. The average crystallite size of copper nanoparticles was 
calculated from the X-ray diffraction (XRD) pattern and found to be 
22 nm. The scanning electron microscopy (SEM) analysis showed that 
the nanoparticles agglomerated forming spherical-shaped particles. 
The TEM results revealed that the particle size measured in the range 
of 30 to 50 nm. The particle size of the copper nanoparticles lying 
in the range 30 to 50 nm was determined using the dynamic light 
scattering (DLS) experiment which agreed well with the results of the 
TEM analysis. The optical properties were studied by the UV-Visible 
spectrum and the band gap value was found to be 2.3 eV. The dielectric 
constant, dielectric loss of copper nanoparticles also investigated 
as a function of frequency at room temperature. It indicates that the 
dielectric constant and dielectric loss of the materials decreases with 
increasing frequency.
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