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Abstract: The undoped and different concentrations of Ni (0.01 and 0.02 wt.%) doped CuO nanoparticles were synthesized by 
chemical precipitation method. The synthesized particles were characterized by UV–visible, FT-IR, SEM and TEM. The optical 
properties of the nanoparticles are observed by UV–visible. The vibrational band assignments of nanoparticles are observed 
through FT-IR technique. The surface morphology and size of the nanoparticles are analyzed through SEM, and TEM analysis.  
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I. INTRODUCTION 
Copper oxide is a semiconductor material and has a natural abundance of starting material (Cu). It is non-toxic and easily obtained 
by the oxidation of Cu. Copper oxide is one of the important metal oxide which has attracted recent research because of its low cost, 
abundant availably as well as its peculiar properties. It is used in the fields like catalysis, superconductors, ceramics as a kind of 
important inorganic materials etc., CuO has been used as a basic material in cuprate High-Tc superconductors as the 
superconductivity in these classes of systems is associated with Cu-O bondings [1]. Among all metal oxide nanoparticles, copper 
oxide has gained the most interest because of its wide applications, such as in solar cell technology, field mission, magnetic storage 
media, lithium ion batteries, gas sensing, drug delivery, magnetic resonance imaging, and field emission devices. Varieties of 
physical and chemical methods have been proposed to synthesize CuO nanoparticles [2].  Methods have developed to synthesize 
CuO Np’s in the presence of polymers and surfactants as stabilizers, to form a layer of coating on the surface of CuO nanoparticles. 
Quite a good number of methods can be used to prepare CuO nanoparticles, which include thermal reduction, a capping agent 
method, sono chemical reduction, vapor deposition method, induced radiation, micro emulsion techniques and laser irradiation [3-
9]. The synthesized CuO nanoparticles was characterized by diverse methods including SEM, TEM, UV-vis and FT-IR, 
spectroscopy.  

II. EXPERIMENTAL 
A. Materials 
To synthesize of CuO the following materials were used such as Copper nitrate (CuO), Nickel nitrate acetone, obtained from nice 
chemical company. Pvt. Ltd and Cetyltrimethyl ammonium bromide (CTAB) obtained from s–d fine chem. Pvt Ltd were used. All 
the glass wares used in this experimental work were acid washed. The chemical reagents used were analytical reagent grade without 
further purification. Ultrapure water was used for all dilution and sample preparation. All the chemicals are above 99% purity. 

B. Methods 
In an air atmosphere, Ni doped CuO nanoparticles were synthesized using deionized water.  
In this experiment, 2.1 g (0.3 M) of Copper nitrate in 50 ml aqueous and Ni with different concentrations (0.01and 0.02 wt. %) were 
poured into the solution. At room temperature, the mixture was stirred magnetically until a homogeneous solution was obtained. 
Then, l g of 50 ml NaOH was added drop by drop to the above mixture. A yellow voluminous precipitate appeared after NaOH 
injection.  
The obtained transparent dispersions are purified by dialysis against de-ionized water and ethanol for several times to remove 
impurities and the products were dried in a hot air oven at 120ᵒ C. The undoped CuO nanoparticles were also synthesized using the 
same procedure without using doping agent. 
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C. Characterization techniques 
The size and morphology of the nanoparticles were analyzed using Scanning Electron Microscopy (SEM; JEOL-JSM-5610 LV) and 
Transmission Electron Microscopy (TEM; PHILIPS-CM200; 20–200 kV). Specimens for SEM and TEM are prepared with required 
quantity of powder sample in ethanol and keeping suspension through ultra sonication dispersion. The optical absorption spectra of 
the samples were recorded by UV-1650 PC SHIMADZU spectrometer. 

III. RESULTS AND DISCUSSION 
A. Optical properties 
1) UV–Visible spectroscopy: The UV-Vis absorption spectra in the powder form of CuO-zeolite nanoparticles at different 

concentration of Ni (0.01 and 0.02 wt. %) doping were recorded. As depicted in Figure. 1, shows the very small absorbance in 
the range of 200-700 nm. The absorption is depends on several factors such as oxygen deficiency, band gap, impurity centers 
and surface roughness [10]. The absorption maximum of the undoped CuO sample is observed at around 358 nm in the UV 
region. This peak is highly blue shifted compared to the peak value of bulk (380 nm) [11]. The presence of optical band gap in 
CuO nanoparticles. This kind of optical absorption permits us to determine the crystallinity of material upon the comparison of 
their band gaps [12]. However, the absorption peaks of 0.01 wt.% of Ni doped samples experiences a red shift compared to 0.02 
wt.% sample. This red-shift in the absorption may be due to surface effect and average crystallite size or morphology.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. UV-Vis absorption spectra Pure and Ni doped CuO nanoparticles 

The optical band gap energy of the nanoparticles was calculated based on the absorption spectrum of the nanoparticles using 
Equation (1) shown in Table 1 
                                                  Eg=

ଵଶସ଴
ఒ

eV    (1) 
Where, Eg is the optical band gap, and λ is the absorption maximum. The fundamental absorption which corresponds to the 
transmission from valence band to the conduction band is employed to determine the band gap of the material. The direct band gap 
energy can be estimated from a plot of (αhν) 2.  

(αhν)2 = A (hν-Eg)n 

Then optical absorbance coefficient (α) of a semiconductor close to the band edge can be expressed by the following equation, 

α = A (hν - Eg)n/hν 

Where, α=4πk/λ (k is the absorption index or absorbance) and A depicts constant factor. The exponent ‘n’ depends on the nature of 
the transition; n may have values 1/2, 3/2, 3 and 2 corresponding to allowed direct, allowed indirect, forbidden direct and forbidden 
indirect transitions, respectively. In this case n=1/2 for allowed direct transition.  
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The absorption coefficient α was calculated from the absorption spectra using the following equation (2). 

                                                  =ଶ.ଷ଴ଷ ×ଵ଴య஺ఘ  
௅௖

   (2) 
where, A is the absorbance, ρ is the real density of CuO (set at  7.28 g cm-3 for this calculations), L is the length of the curve, and C 
is the concentration of the CuO suspension [14] Shown in Figure. 2. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 2. Band gap energy of Ni (wt.%) doped CuO nanoparticles 

The estimated energy gap for the undoped CuO is 3.46 eV, it is increased to 3.51eV for increasing Ni doping level up to 0.02 wt.%. 
Further, decrease in the band gap is observed when concentration level increases from 0.02 wt.% to 0.01wt.%. The existing blue 
shift in the band gap is due to the substitution of Ni ions into the CuO lattice. 

Table1. Compare wavelength and Energy band gap values of pure and Ni doped CuO nanoparticles 

Samples Wavelength(nm) 
Energy band gap (eV) 
from absorption band 

CuO 358 3.46 
Ni(0.01 wt.%): CuO 355 3.49 
Ni(0.02 wt.%): CuO 353 3.51 

 
2) FT-IR spectra : The FT-IR spectra of the both samples were shown in Figure. 3, the characteristic peak of O - H stretching 

vibration in between ∼3748 and 3441 cm−1range. The O - H stretching vibration was more deep and narrow due to the present 
of copper hydroxide phase. Both samples were shown the peaksat around 551, and 425 cm−1, these are the characteristic peaks 
for the Cu O stretching vibration. The band at 1378 cm_1 corresponding to C–O–C stretch was also obtained.  A band at 2914 
cm-1 represents alkynes [15]. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. FT-IR spectra of Pure and Ni doped CuO nanoparticles 
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B. Morphological studies 
1) Scanning Electron Microscopy (SEM: The surface morphology of the samples has been investigated by scanning electron 

microscopy. The SEM images of undoped and Ni (0.02 wt.%) doped copper oxide nanoparticles are shown in Figure. 4(a) and 
(b). The SEM images reflect that the undoped particles consist of non-uniform distribution with some single particles or with 
some clustered particles. The Ni doped CuO nanoparticles show better distribution particles compared to undoped CuO 
nanoparticles this conforms the influence of Ni doping in CuO nanoparticles 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. SEM images of (a)undoped (b) Ni (0.02 wt.%) doped CuO nanoparticles 

2) Transmission Electron Microscopy (TEM): It is necessary to know an exact particle size and structures of nano materials by 
direct measurement, such as (TEM) which can reveal the particle size, shape and orientation of the Ni doped CuO 
nanoparticles. Figure. 5 shows TEM images of low and high magnification of Ni (0.02 wt.%) doped CuO nanoparticles. From 
these figures, it is observed that the particles are evidenced with low distinguishable, irregular round shape, but not well 
resolved. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. TEM images Ni (0.02 wt.%) doped CuO nanoparticles 

IV. CONCLUSION 
The undoped and different concentrations of Ni (0.01 and0.02 wt.%) doped CuO  nanoparticles have been successfully synthesized 
by the chemical precipitation method in an air atmosphere without using any high cost chemicals and instrumentation. The Ni 
doping modifies the structural and optical properties of undoped CuO. The blue shift of Ni doped CuO with respect to quantum size 
effect representing a change in band gap along with exciton features. This could be used as a measure of particle size and size 
distribution. The band gap energy has observed by UV–Visible which is highly greater than that of undoped, bulk, and other 
reported values. The bond vibrations and wave number (cm-1) of undoped and Ni doped CuO have observed by FT-IR spectra. The 
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surface morphology of the sample was investigated through SEM images. It has same morphologies for undoped and 0.02 wt.% Ni 
doped CuO nanoparticles. The particle size and morphologies have directly measured by TEM images. 
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