
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2019.21820

INTRODUCTION

In original sense of nanotechnology refers to the research
ability to construct items from the bottom up, using techniques
and tools being developed every day to make complete highly
advanced product [1]. Nanotechnology as defined by the size
naturally very broad, including fields of science as diverse as
surface science, organic chemistry, molecular biology, semi-
conductor physics, microfabrication, etc. Nanotechnology may
be able to create many new materials and devices with wide range
of applications such as in medicine, electronics, biomaterials
and energy production [2]. On the other hand, nanotechnology
raises many of the same issues as any new technology. The
design, characterization, production and application of structure,
device and system by controlled manipulation of size and shape
at the nanoscale have the superior characteristics and properties.
This phenomenon has been creating crazy stimulation to resea-
rchers in the nanotechnology [3].

Research interests in microorganisms are highly appre-
ciated for their phenomenal chemical and physiological aspects,
but their differing variants, such as diffusivity, power resistance,
electrostatic conductivity, strength and hardness, chemistry
efficiency and various vital biological functions make the
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difference and diversity [4]. These particles are widely used as
medicinal catalysts, in clinical applications, in medical appli-
cations, in infections, antibiotics, fillers, catalysts, and semicon-
ductors because they are very useful in the development of
cosmetics and microelectronics [5].

The CuO is heavily convertible metal oxide by its attractive
properties. It is used in various technology applications such
as high temperature, tropical environments, gas sensors, and
lighting applications [6]. Recently, it is used as an antimicrobial
agent against various bacterial species. Copper(II) oxide crystal
structures have a narrow gap, providing useful photocatalytic
and photovoltaic properties [7]. Due to the various types of
microorganisms, there is a problem in the microbial hybrid
living conditions of air, water and soil and serious complica-
tions in health care. Due to spread of anti-antibiotic infections,
the interest in alternative antimicrobial agents, such as small
antibiotics, ketonic polymers, metal nanoparticles and anti-
microbial peptides is increasing [8].

The synthesis method being an important parameter for
control of particle size, morphology, crystallity and in order
to achieve this goal CuO nanoparticles are investigated in
different synthesis methods including precipitation such as
sono chemical, sol-gel, hydrothermal, chemical path deposition



and spin coating sol-gel techniques [9,10]. Among these
methods our preparation method for the synthesis of CuO
nanoparticles belongs to sol-gel procedure .

The sol-gel process may be described as formation of an
oxide network through polycondensation reactions of a mole-
cular precursor in a liquid. A sol is a stable dispersion of colloidal
particles or polymers in a solvent [11-13]. Compared to the
ceramic method, dust was reduced and a sol-gel method was
needed to have a low temperature. In addition, it should be
possible to do the synthesis by remote control. Sol-gel method
is a simple and relatively fast method. This method is often
used by the level of nanoparticles to ensure strict control. This
method allows for enormous control of the shape and shape
of nanoparticles [14]. The idea behind sol-gel synthesis is to
dissolve the compound in a liquid in order to bring it back as
a solid in a controlled manner. Multicomponent compounds
may be prepared with a controlled stoichiometry by mixing
sols of different compounds. The sol-gel method prevents the
problems with co-precipitation, which may be inhomogeneous
[15], be a gelation reaction and it can enables mixing at an atomic
level and results in small particles which are easily sinterable.

In this study, we have reported on the synthesis, charac-
teristics and antimicrobial activity of CuO nanoparticles. CuO
emphasizes the possibilities for acting as an antimicrobial agent
of CuO nanoparticles and we coordinate different levels of
CuO nanoparticles by controlling molarities during gel-comb-
ining research.

EXPERIMENTAL

The crystal structure and phase of CuO nanoparticles were
characterized by X-ray diffraction (Shimadzu XRD 6000)
analysis. The morphology of CuO nanoparticles was analyzed
by scanning electron microscopy (Hitachi S-4450 SEM). The
absorption spectra were measured using UV-Vis spectrophoto-
meter (Shimadzu-UV 1800). Fourier transform infrared (FT-
IR) spectra were recorded in the range 4000-450 cm-1 using a
BRUKER: RFS 27.

Synthesis: The CuO nanoparticles were prepared by sol-
gel method. Dissolved copper(II) chloride dihydrate (98 %,
Merck, 0.1 M) in 100 mL deionized water. The prepared solution
was heated at 80 ºC with constant stirring and 1 mL glacial
acetic acid was added to the solution followed by the addition
of 2M of NaOH dropwise. The colour of solution turned from
blue to black immediately and resulted in the formation of
black precipitate. The obtained black precipitate repeatedly
washed 3 or 4 times with deionized water and filtered. Subse-
quently, the washed precipitate dried at 80 ºC for 24 h. Finally,
the obtained powder was calcined at 450 ºC for 4 h. Similar,
procedure has been followed to synthesize CuO nanoparticles
using 0.2 and 0.3 M copper(II) chloride solution.

RESULTS AND DISCUSSION

Structural analysis: Fig. 1 shows the X-ray diffraction
pattern for CuO nanoparticles prepared from different molarities.
The two prominent peaks corresponding to the monocrystalline
nature of CuO nanoparticles were observed. The high intensity
peaks were observed at 35.4º, 38.6º and 48.6º, respective to
the (111) (111), and (202) crystal planes matched with JCPDS
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Fig. 1. XRD diffraction pattern of CuO nanoparticles at different molarities

card No. 801916. No other peaks have been found within the
detection range of the XRD pattern [16].

All the diffraction peaks are coded as the usual monoclinic
structure. The average crystalline size of CuO nanoparticles is
calculated using the Scherrer′s formula, which detected nano-
pareticles size as 19-23 nm. The results confirm that spread of
multiple peaks which indicates that crystal is small [17].

The calculated replication of XRD results has a greater
value for 20 nm smaller particles and shows that the particle
size is high. It is clear that smaller particles have greater strain
and larger particles have less strain. The structural parameters
are calculated from the full-width half maximum and suggest
that the decrease in particle size, stacking fault, micro-strain
and dislocation index is also decreases [18]. On comparing with
the standard samples (JCPDS card No. 801916), the X-ray
diffractrogram and 2θ values of CuO were found to be in fairly
good agreement, thus containing the monoclinic crystal structure.
The broadening in the diffraction peaks might be due to the
size effect and the crystallite size is in the nano-regime.

These nanocrystal have lesser lattice planes compared to
the bulk, which calculate to the broadening of the peaks in the
diffraction pattern. It could also arise due to lack of sufficient
energy needed by atoms to move to a proper site in forming
the crystallite. The width of peaks becomes large as the particle
become smaller and also width of peaks becomes small as the
particles become larger [19,20]. The crystallite size has been
inferred from 2θ and the full width at half maximum (FWHM)
of the (111) Diffraction peak on the basis of  Scherrer′s relation,

K
D

cos

λ=
β θ (1)

where D is the average crystallite size in Å, K is the shape
factor (0.9), λ is the wavelength of X-ray, θ is the Bragg angle
and β is the corrected line broadening of the nanoparticles.
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The result shows that the average crystallite size of nano-
CuO is about 19-23 nm. The estimated values of crystallite
sizes and structural parameters including dislocation density
(δ), micro-strain (ε) and stacking fault (SF) of monoclinic CuO
nanoparticles are summarized in Table-1.

The microstrain (ε) is calculated using the relation:

cos

4

β θε = (2)

2

1
Dislocation density ( )

D
δ = (3)

2

1/2

2
Stacking Fault SF

45(3tan )

 π= β θ 
(4)

The values in Table-1 confirmed that as crystal size decreases
while stacking fault, micro strain and dislocation density are
increased. In this work, it is concluded in copper oxide nano-
particles, the basic crystal of integrated pile, such as CuO has
become apparent, but the queue peaks are strong after  calcination
process because of thermal treatment gives sufficient nuclear
energy to form CuO crystalline [21,22]. These strong peaks
of CuO formation can be obtained from a sol-gel method as
confirmed in XRD analysis and also the excellent crystalline
of CuO is derived from CuCl2 precedents the effect of crystalli-
zation and its size can be achieved efficiently.

Additionally from the XRD spectra, it is inferred that the
variation is observed between full width half maxima (FWHM)
and crystal size. It was also observed that with increase in
different molarities, broadening of the peaks increased and
while the full width at half maxima (FWHM) increased and
crystal size is equally decreased as shown in Fig. 2. The FWHM
value for crystals obtained at 0.3 M was 0.4521, which is signi-
ficantly very low compared to crystals obtained at 0.1M (0.37).
Extending the high FWHM value and increased peak, the
combined CuO powder has become much higher crystalline
with the reduction of different molarities (Fig. 2). From the
structural analyses, the fitted patterns are in agreement with
the respective experimental data confirming the formation of
single pure CuO phase without the presence of any additional
phases or impurities.

Morphological analysis: From the SEM images (Fig. 3)
of CuO nanoparticles, it is learnt that the particles are well
scattered, well-connected and consistent with the crystal
structure. There was also a high intensity character. Fig. 3 also
shows for the formation of well-nanotablet tube model and
regular shaped CuO nanoparticle. Due to high surface charge,
agglomeration and aggregation crystals are clearly visible and
integrated. The representation of the grains is regular and the
microstructure consists of many neatly arranged rod shaped
particles (nano-tablet tube).
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Fig. 2. Variation of FWHM and crystal size of CuO nanoparticles at different
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Fig. 3. Morphological analysis of CuO nanoparticles at different molarities

The molecular mechanism of the solvent polarity is thought
to affect the properties of nanoparticles [23]. The main features
of these particles are almost rod and their diameter is distributed
simultaneously. The given copper oxide nanoparticles have a
relatively small tube particle that has the same size. The size
of CuO nanoparticles decreases (Table-1) with increase in molar
concentrations up to 0.3 M of CuCl2·2H2O but increases, there-
after which is consistent with the information obtained from
XRD calculations. When the concentration was increased from
0.1 to 0.3 M, small particles appear and the relatively large
particles became dominant. This shows that the higher concen-
tration results in particle growth in consistent with the literature
[24,25]. The SEM results also confirmed the decrease in the
particle size with increase in concentration of molarities which
agreed well with the XRD results [26].

TABLE-1 
STRUCTURAL PARAMETER OF CuO NANOPARTICLES FORMED AT DIFFERENT MOLARITIES 

Molarities (M) FWHM 2θ 
Crystal size  

(nm) 
Stacking Fault 

Dislocation density 
δ × 1014 

Micro strain (ε) 

0.1 0.3700 38.7961 23.77 0.002752 1.77056 0.001523 
0.2 0.4082 38.6394 21.53 0.003043 2.15710 0.001681 
0.3 0.4521 38.7971 19.45 0.003362 2.64347 0.001861 
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UV-visible analysis: Fig. 4 shows the absorption spectra
of CuO nanoparticles prepared at different molarities. The
absorption edge values are found to be 360-378 nm for 0.1-
0.3 M. The optical band gap energy has been calculated using
the following equation:

(αhν) = A(hν – Eg)n (5)

where A is a constant, Eg is the band gap of material, ν is the
frequency of incident radiation, h is the Planck's constant and
the exponent n is 2 for allowed direct band transitions. The
calculated energy band gap values (3.36-3.40 eV) are higher
than that of the value for bulk CuO (1.2 eV) indicates the blue
shift. Higher direct band gap as compared to bulk value indi-
cating blue shift of band gap due to the quantum confinement
effect [27,28]. This blue shift can be attributed to the small
size of CuO nanostructures. The observed results are in good
agreement with the previous reports of CuO [29,30].
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Fig. 4. UV absorbance of CuO nanoparticles at different molarities

FTIR analysis: Fig. 5 shows the FTIR spectra of CuO
nanoparticles synthesized at different molar concentrations.
From these spectra, the various compositional elements and
their bonding nature present in the CuO nanoparticles were
analyzed. The low intense broad band peaks at 496.96 cm-1

are assigned to characteristics band of monoclinic phase CuO
nanoparticles. The peaks at 1383 and 1626 cm-1 are due to
carbonyl C=O stretching bonds [31]. Moreover, the broad
peaks at 3419 cm-1 are ascribed to the stretching and bending
vibration mode of O-H bond. Finally, a tiny tip at 2364 cm-1 is
due to the absorption of atmospheric CO2 [32,33].

Antibactrial activity: The effectiveness of bacteria against
microorganisms that have been studied by CuO nanoparticles.
This will be carried out on both Gram positive and Gram negative
organisms like Staphylococcus saprophyticus, Bacillus subtilis,
Pseudomonas aeruginosa and Escherichia coli using sterile
media like Mueller-Hinton agar by disc diffusion method. The
results are showed in Table-2. The potential technique associated
with the function of bacteria may be caused by cell membrane
[34,35]. The released of copper ions from CuO nanoparticles,
which negatively attached the bacterial cell wall to the charging
and fracture, causing protein attenuation and cell death [36-38].
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Fig. 5. FTIR spectra of CuO nanoparticles at different molarities

TABLE-2 
ANTIBACTERIAL ACTIVITY OF CuO  

NANOPARTICLES AT DIFFERENT MOLARITIES 

Zone of inhibition (mm) 
Bacteria 

Standard 
antibiotic disc 0.1 M 0.2 M 0.3 M 

B. subtilis 18 12 16 09 
E. coli 20 10 19 10 
P. aeruginosa 21 05 11 08 
S. pyogenes 19 11 12 10 

 
In addition, the bacterial cells interfere with the important
biochemical functions of copper ion processes [39,40].

Conclusion

The CuO nanoparticles have been synthesized by a simple
effective sol-gel method. The formation of high purity mono-
clinic phase of CuO nanoparticles was confirmed from XRD
analysis. From XRD results, it is also revealed that the crystal
size decrease with increase of molar concentration. The SEM
micrograph confirms the formation of nano-tablet tube shape
CuO nanoparticles with negligible agglomeration. The optical
band gap of CuO nanoparticles were found to increase with
increase of molar concentration which is due to size quanti-
zation effect. The sol-gel system of integrated CuO nanopart-
icles is a cost-efficient, biological molecule capable of working
with antibiotics against Gram positive and Gram negative
bacteria like Staphylococcus saprophyticus, Bacillus subtilis,
Pseudomonas aeruginosa and Escherichia coli.
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