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Article Info ABSTRACT

Article type: Copper oxide nano particles were synthesized by precipitation synthesis method.

Research Article Extracts of rosemary and olive leaves were obtained and used as surface modifiers (SMs)
during the synthesis process. Results generally showed that melaconite CuO phase was
formed. Furthermore, Fourier transform infrared (FTIR) spectra illustrated
corresponding bands of Cu-O bonds in all samples. In addition, scanning electron
micrographs (SEM) showed that in all samples, highly agglomerated nano particles were

Keywords: synthesized. Moreover, extracts of rosemary and olive leaves caused to decrease of the

Extracts of planet leaves, particle size of copper oxide samples. Also, atomic force micrographs (AFM) and

Nanostructure, transmission electron micrographs (TEM) illustrated that the size of particles was in

Cuo, nano range dimension. Moreover, AFM and TEM micrographs showed that morphology

Precipitation of particles was mainly rod-like. Band gap value of samples were estimated based on
UV-Vis spectra. Considerable band gap broadening of powders in comparison to the
bulk one, was observed and confirmed the formation of synthesized nano particles was
occurred.

INTRODUCTION needle, round, and flake depending on the type of SMs on

The synthesis of copper oxide nanoparticles has been
extensively studied over the past two decades due to their
broad range of applications, such as gas sensors [1-3],
photovoltaic devices [4], antibacterial material for food
packaging, medical and biological applications [5—7], inks
for electronics applications [8,9], catalysts/photoacatalyst
[10-12], solar cells [13—15] and batteries [16].

Copper oxide nanoparticles were synthesized via
several route such as sol-gel method [17-19] ,
Sonochemical Synthesis method [20], hydrothermal
method [21,22], precipitation method [23—25] and thermal
decomposition [26,27] Although several researches has
been conducted on the effect of surface modifiers on the
synthesis of copper oxide [28-31], several of synthesis
methods and its different applications highlight the need
for further investigation and comparison.

Some researchers synthesized CuO particles in the
presence of different SMs. For example Khosravi et al [32]
investigated effect of surface modifiers type including
acetic acid, D200, SHMP, PVP, CTAB, SDS, urea, and
M2P on the microstructure and optical properties of the
copper oxide powders. The results showed different
morphologies of copper oxide particles in the forms of

the morphology of CuO nano particles.

Moreover, many researches were performed on the
green synthesis of nano particles using extracts of plants as
reductant agents. However, the use of plant extracts as
surface modifier is more than scarce [33].

In this regard extracts of rosemary and olive leaves
were prepared and used as surface modifiers in the
synthesis of CuO nanoparticles by precipitation method.
Synthesis process was carried out using NaOH as strong
reduction agent in comparison to extracts. So, extracts of
leaves do as SMs dominantly. The structure,
microstructure, chemical bonds, and optical band gap
value of the nanoparticles were studied.

Experimental

Copper sulfate pentahydrate [CuSO4.5H,O, GHTARAN
SHIMI], Sodium hydroxide (NaOH, MERCK), were used
as starting materials. Extracts of rosemary and olive leaves
were used as surface modifiers. To prepare extracts, the
leaves of rosemary and olive were selected from Zahedan,
Iran. 50g of dry leaves were added to 200 ml of distilled
water in a 500 ml volumetric flask. The mixture remained
at room temperature for 24h and then was filtered and
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concentrated via evaporation of solvent at
temperature for 24h to obtain final extracts.

The synthesis of copper oxide was performed based on
the work of M. Vaseem et.al [9]. First, an aqueous solution
(0.02M) was prepared by dissolution of 0.4994 g copper
sulfate in 100 ml distilled water in a volumetric flask.
Then, 0.015 g of extract was added to the solution. After
that, resultant solution was heated up to 70°C and 0.5g
NaOH was immediately added into the solution under
stirring for 10 min. Finally, the black gained precipitates
were washed by distilled water and dried at 80°C for 1h.

Molecular studies were performed using Fourier
transform infrared spectroscope (FTIR, Bruker TENSOR
I1) which was equipped with platinum ATR accessory with
the robust diamond crystal. Structural characterization of
samples was performed using XRD (XRD, Philips
PW1730) method. Microstructure analyses of samples
were performed using field emission scanning electron
microscope (FESEM, KYKY EMS8000F), Atomic force
microscope (AFM, Ara Research - Brisk) and transmission
electron microscope (TEM, Philips CM120). UV-visible
absorption spectra were measured using a UV-Vis
spectrophotometer (Agilent, Carry 60). Band gaps of
samples were estimated by plotting (ahv)? versus hv, based
on the Tauc equation according to [34], where o is
absorption coefficient, h is Plank constant and v is
frequency (s™).

RESULTS AND DISCUSSIONS

X-ray diffraction (XRD) pattern of the CuO sample
synthesized without SMs is represented in figure 1. As
illustrated, sample exhibit dominate phase of melaconite
CuO (Card No. 00-041-0254), with no detectable
secondary phases, indicating high phase purity. The
broadening of these peaks is due to nanocrystalline nature
of particles.
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Fig. 1. XRD pattern of the CuO sample synthesized without
SMs

Figure 2 shows the FTIR spectra of the CuO samples
which were synthesized without SMs and in the presence
of extracts of rosemary and olive leaves.

The main bands at about 415-430 and 588-593 cm™! are
associated with Cu-O bonds. The main bands at about 404
is attributed to bending Cu-O bonds. Moreover, the bands
at about 500 and 608 cm™! are associated with stretching
Cu-O bonds. Other bands are attributed to the absorbed
water, and functional groups of surface modifiers.
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Fig. 2. FTIR spectra of the CuO samples which were
synthesized without SMs and in the presence of extracts of
rosemary and olive leaves.

UV- Visible spectra of the samples synthesized without
SMs and in the presence of extracts of rosemary and olive
leaves are shown in figure 3. Generally, for estimating of
band gap value, the curve of (ahv)" versus hv should be
plotted, where n =2 and 0.5 for direct and indirect
transitions, respectively. Since CuO has direct transition,
band gaps of the samples were estimated based on the
spectra and Tauc equation by plotting (ahv)? versus hv
(figure 4) as 2.8, 2.95 and 3.05 eV for, without SMs, olive
leaves extract and rosemary leave extracts, respectively. In
comparison with bulk CuO band gap, i.e. 1.2 eV, these
value resulted in great band splitting, band gap increase
and nano size particles. Such increase of band gap values
using SMs were reported by Piri et al [35].
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Fig. 3. UV- Visible spectra of the CuO samples which were
synthesized without SMs and in the presence of extracts of
rosemary and olive leaves.
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Fig. 4. (ahv)? versus hv of the samples synthesized without SMs
and in the presence of extracts of rosemary and olive leaves

SEM micrographs of the samples synthesized without
SMs and in the presence of extracts of rosemary and olive
leaves are shown in figures Sa to ¢, respectively. As shown,
all samples were formed from nano particles, and were
agglomerated irregularly. Moreover, extracts of rosemary
and olive leaves acted as surface modifiers and decreased
particle slightly. Based on SEM micrographs, particle size
distributions of synthesized samples were plotted in figure
5d. As illustrated all powders were in nano size scale
range. Mean particle size of the samples synthesized
without SMs and in the presence of extracts of rosemary
and olive leaves were calculated as 57, 32 and 22 nm,
respectively. As expected, extracts of leaves caused to
narrower particle size distributions and smaller in size.
Since extract of plant leaf is composed from various
components, it is very difficult to determine the
mechanism of function of each of them. Generally, fatty
acid components are in the extracts of plants which have
many ionic groups and organic chains in turn act as surface
modifiers and cause to decrease of particle size.
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Fig. 5. SEM micrographs of samples synthesized a) without SMs and in the presence of extracts of b) rosemary, c) olive leaves and
d) corresponded particle size distributions
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Fig. 6. AFM micrographs and corresponded profiles of samples synthesized a) without SMs and in the presence of extracts of b)
rosemary and c) olive leaves

Figures 6a to c¢c showed AFM micrographs and
corresponded profiles of samples synthesized without SMs
and in the presence of extracts of rosemary and olive
leaves, respectively. Considering x-y profiles illustrated
that all samples were formed in rod-like morphology.

TEM micrograph of the sample synthesized without
SMs is shown in figure 7. As illustrated, rod like particles
were formed in nanoscales which were highly

agglomerated.
GiLA : 3
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Fig. 7. TEM micrograph of the sample synthesized without SMs

CONCLUSIONS

The present work focused on the precipitation synthesis of
copper oxide nanoparticles without/ in the presence in the
presence of extracts of rosemary and olive leaves. XRD

patterns showed that nano CuO with no minor phase were
synthesized. FTIR spectra confirmed the presence of
characteristic Cu—O bond bands in all samples. SEM,
AFM and TEM micrographs revealed that all samples
consisted of highly agglomerated, rod-like nanoparticles.
The considerable broadening of the band gap in the
powders confirms the nanoscale nature of the synthesized
particles which is higher than the bulk CuO.
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