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Abstract

Copper oxide (CuO) nanostructures have attracted a lot of interest in recent years due to their interesting properties. In this
study, preparation CuO nanostructures through the chemical reduction of copper sulfate with acetic acid. In our synthesis route,
starch was added and worked both as a size and shape controller. The synthesized nanostructures were characterized by X-ray
diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and transmittance electron microscope (TEM). The
average particle diameters were determined by the Debye-Scherrer equation and Analysis by Thermogravimetric analysis
(TGA), BET.
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1. Introduction Among these processes, a simple quick

The controlled fabrication of nanoparticles has
prompted nanotechnology into one of today’s most
auspicious and prevalent fields of scientific research
[1]. Possibility future advancement presupposes the
ability to synthesis nanomaterials in a numerous and
controlled manner [2-8]. Currently, there is an
increasing interest to prepare CuO is one of potential
p-type semiconductors and acquires significant
attentions due to its excellent optical, electrical,
magnetic properties sensing, surface properties and
physical properties such as electron correlation effects,
spin dynamics and high temperature superconductivity
[9-11]. CuO have narrow band gap of 1.2 eV
extensively used in diverse applications such as
catalysis [12,13], solar energy conversion [14], gas
sensor [15]and field emission [16].

However, these novel properties can be amended
by prepare in CuO nanostructures that shown excellent
performance comparing to bulk counterpart. Various
nanostructures of CuO are synthesized in form of
nanowire, nanorod, nanoneedle, nano-flower and
nanoparticle. In the past decades, various methods
have been proposed to produce CuO nanoparticles
with different sizes and shapes such as thermal
oxidation [17], sonochemical [18], combustion [19]
and quick-precipitation [20,21].

precipitation is usually distinguished, because this
method is simple, cost-effective and efficient, and it
can improve size and size dispersion control by
optimizing the experimental factors, for example the
molar ratio of the stabilizer with the precursor salt and
the fraction of reducing agent with the precursor salt
[22-24]. The rate of growth of the nanoparticles count
on diverse variables, including the concentration of
metal ions, the type of reductant, pH, temperature and
time [25]. In the present work, the main aim is to
research the effect of capping agent on structural
properties of CuO nanostructures synthesized via
precipitation method. Copper nitrate and starch was
chosen as capping agent. The as-prepared precipitates
were characterized using by scanning electron
microscopy, X-ray diffractrometer and FTIR
Spectroscopy.

2. Experimental work
2.1. Materials

All the reagents and solvents used in this research
were of analytical grade. Copper sulfate pentahydrate
(CuS0O4-5H20) was used as the copper ion precursor.
Similarly, acetic acid (as anti-oxidant), potassium
hydroxide (for adjusting the pH) and starch (as
capping agent) were purchased from MERCK,
Germany.
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2.2. Analytical methods

1. The functional groups and chemical structure
were estimated by FT-IR spectroscopy using
a Perkin-Elmer FT-IR-2000 spectrometer,
us.

2. Powder X-ray measurement was performed
on a Rigaku Ultima IV diffractometer with
Cu Ko radiation at 40 kV and 40 mA in the
range of 20=0-80 and the scanning rate was
5°/min.

3. The FETEM images were recorded using the
Field Emission Transmission Electron
Micrographs (FETEM), brand-JEOL and
model-JEM-2100F.

4. The average particle size was studied from
the TEM images using softwares such as
Image J and Origin.

2.3. Synthesis methods
2.3.1.  CuO nanoparticles were synthesized by
the chemical precipitation method

Precipitation method I: At the first dissolving 2.5 g
of copper sulfate pentahydrate (CuSO4-5H20) in 300
ml of distilled water and then added 3 ml of glacial
acetic acid in a volumetric flask at high mixing speed.
At The second dissolving 1 M of sodium hydroxide in
100 ml of distilled water was added gradually dropped
into the solution under magnetic stirring at 80 °C, until
the mixture's pH reached the value of 6, the point at
which a great quantity of black precipitation was
simultaneously created then the precipitation was
centrifuged and washed with water. Finally, the black
powder was calcined at 500 °C for 2 h and then milled.

2.3.2.  Precipitation method |1 - the preparation
method starts with addition of 2.5 g copper
(1) sulfate
Pentahydrate solution into 100 mL of starch (1 %)
solution with vigorous stirring for 30 min. and then
added 3ml of glacial acetic acid in a volumetric flask
at high mixing speed. At The second dissolving 1 M
of sodium hydroxide in 100 ml of distilled water was
added gradually dropped into the solution under
magnetic stirring at 80 °C, until the mixture's pH
reached the value of 6, the point at which a great
quantity of black precipitation was simultaneously
created then the precipitation was centrifuged and
washed with water. Finally, the black powder was
calcined at 500 °C for 2 h and then milled.

3. Results and discussion

3.1. Structural properties
XRD pattern (Fig. 1a) of the products formed is
identicalto the single-phase CuO with a monoclinic
structure and thediffraction data are in good agreement
with JCPDS card of CuO (JCPDS 80-1268). The
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broadening of the peaks indicates the small size of the
products. Actually, the average size of the CuO
nanoparticles is estimated to be 10 nm according to the
Scherrer equation [12].
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Fig. 1. b shows the XRD spectrum of CuO nanoparticles.

X-ray diffraction (XRD) pattern higher intensity
peaks at 38.9°, 35.6° and 48.9° which correspond to
the atomic planes (200), (002) and (202) respectively
were observed in the diffraction. In this study the
average crystallite size of the highest peak (38.9°), is
estimated about 42nm by Scherrer’s Morphologies of
CuO nanoparticles are presented in Figs. 2a and 2b, as
obtained by TEM.
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Fig. 2. (a) TEM image of CuO nanoneedles, (b) Statistical
histogram of average particle size of the nanoneedles (c) TEM
image of CuO nanoparticles and (d) Statistical histogram of
average particle size of the nanoparticles

Figure 2(a), shows that the CuO nanoparticles had
nanoneedle shapes, whose diametric average is more
than 10 nm. The particle-size distribution histogram of
CuO nanoparticles (Figure 2b) indicated that the
average diameter of nanoparticles counted from the
TEM image is about 20 nm.
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Figure 2c shows that the CuO nanoparticles had
spherical shapes. An agglomeration of nanoscale
particles is clearly observed, showing a uniform
distribution of particle size and a homogeneous
morphology. The particle-size distribution histogram
of CuO nanoparticles (Figure 2b) indicated that the
average diameter of nanoparticles counted from the
TEM image is about 70 nm.

3.2. Fourier transform infrared spectroscopy
analysis

Investigated the pure CuO (1) and CuO (2)
nanoparticles annealed at 500 °C were analyzed by
FT—IR analysis as shown in Fig. 3 and 4. The bands
between 800400 cm—1 represent the presence of
metal oxygen [20-22]. In the present investigation the
low frequency region 400-700 cm-1 assigned the
vibrational properties of CuO nanostructures
corresponds to 498 cm-1 has been Cu—O monoclinic
phase of the pure CuO(1) nanoparticles and also, 534
cm-1 has been Cu-O monoclinic phase CuO(2)
nanoparticles.

Fig. 3. FTIR spectrum of CuO nanoneedles and (b) FTIR spectrum
of CuO of CuO nanoparticles

The FTIR spectrum of the sample is taken and
shown in figure 3. The spectrum shows the following
characteristics: the peaks at 498.09 cm-1 (Cu-O
symmetric stretching) and at 603.24 cm-1(Cu-O
wagging) imply the presence of metal-oxide group in
the sample. The vibration peak 3415 cm-1 indicates
the presence of hydroxide group in the sample. This
may be due to the water attached to the surface of the
CuO nano-particles, which is also one of the b
products of the reaction and can be removed by further

Egypt. J. Chem. 64, No. 3 (2021)

heating. The metal-oxygen bond is observed at 1400
cm-1 (M-O rocking in plane) and at1573.92 cm-1 (M-
O rocking out of plane) indicate the formation of CuO
from copper sulphate [24].

3.3. Thermogravimetric analysis
Thermogravimetric analysis (Figure 4) revealed
that nano copper oxide with starch degraded in a
multiple steps process. Degradation of starts at about
64 oC till approximately 160 oC.

98

Weight (%)

2% ) oo %0
Temperature (°C)

Fig. 4. TGA curve obtained for CuO with starch

This loss in weight could be due to the presence of
moisture in the sample. A less marked decomposition
starts at about 218 oC while the greatest degradation
takes in the range of 301- 4700C approximately with
most decomposition temperature of around 375.80C.
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Fig. 5. TGA curve obtained for CuO without starch

From the figure (4), it can be seen that the sample
nano copper oxide without starch heated up to 94.5 °C
undergoes a total weight loss of 0.304 mg (4.34 %),
which is attributed to the liberation of moisture
adsorbed on the surface of the sample. Further 0.240
mg loss up to 240.6 °C is satisfied by elimination of
volatile components present in the sample. The
decomposition step between 239.6 °C and 464 °C is
generally ascribed to the elimination of carbon group
compounds present in the sample.
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4. Conclusions

In this work CuO nanostructures were synthesized
by precipitation method without and with using starch
lead to change in the particle size and shape of
nanostructure lead to the great advancement in their
applications such as catalysis and photoactivated
energy conversion.
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