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INTRODUCTION

Nanotechnology is an important branch in the major field
of science. It concerned with the synthesis and development
of various types of nanoparticles with size range from 1 to
100 nm [1]. It is noted that physical and chemical properties
of any materials changes with it size decreased to nanoscale
[2]. Nanosized particles show variations of optical, electrical
and magnetic properties compared with bulk size of the same
material [3].

Their characters depended on certain trait such as size
particle, distribution, morphology [4] and high surface/volume
ratio [5]. Metal oxide nanoparticles obtained great attention
for their potential applications in optoelectronics, nanodevices,
nanoelectronics, nanosensors, information storage and
catalysis [6,7]. Among various metal oxide nanoparticles, the
copper oxide was implemented in wide range of application.
It can be used as catalysts in reduction, oxidation electrocata-
lysis, photocatalysis and gas-phase reaction [8].

Biological methods to synthesize nanoparticles using
fungi, bacteria, algae [9] and plant extracts have many advan-
tages over other physical and chemical methods because they
are a single step process in nature, environment friendly (green
chemistry), no need for, hazardous chemicals, high pressure
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Copper oxide nanoparticles (CuONPs) were green synthesized using aqueous extract of Cordia myxa L. leaves as reducing and capping |
agent. The synthesized nanoparticles were characterized by UV-visible spectrophotometer, FTIR, X-ray diffraction, scanning electron |
microscope and atomic force microscope. The prepared copper oxide nanoparticles showed surface plasmon resonance centered at 400
nm. The optimized condition for the synthesis of copper nanoparticles revealed that the aqueous extract of Cordia myxa L. leaves:copper |
sulfate ratio was 1:3, pH was 9 and copper sulfate concentration was 40 mM. FTIR results showed that stabilization and formation of |
CuONPs were due to phenolic groups and amines in plant extract. The XRD pattern showed that the particles are monoclinic in nature. |
The crystalline morphology and size of the nanoparticles were determined by scanning electron microscope. Presence of elemental |
copper was revealed by EDX analysis. Size range was from 20 to 106.81 nm was determined by atomic force microscope. |
|
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or energy and power [10]. Moreover, plant leaf extracts appear
to be the best candidates for synthesis of nanoparticles [11].

Plant extracts are becoming favourable sources as redu-
cing and stabilizing agent for green synthesis of nanoparticles
[12]. Cordia myxa L. is a species of flowering plant in the
borage family, Boraginaceae. It generally had analgesic, anti-
inflammatory, antimicrobial, antiparasitic and insecticidal. It
also has a cardiovascular, respiratory, gastrointestinal protec-
tive effects [13]. In the present study the synthesis of copper
oxide nanoparticles confirms the capability of Cordia myxa L.
in reducing and stabilizing copper oxide nanoparticles. Their
properties were investigated using different characterization
techniques.

EXPERIMENTAL

Fresh leaves of Cordia myxa L. were collected in May,
2016 during the flowering season from the local gardens in
Baghdad. The collected leaves material were tightly packed
in polyethylene bag and then transferred to the laboratory.
Then, the leaves were washed with distilled water twice and
stored at room temperature. Dried leaves were powdered using
mixer grinder. It was then stored in any dry place for further
use.
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Preparation of plant leaf extract: 5 g of powdered leaves
were taken in a round flask along with 100 mL of deionized
water, allowed to boil at 70 °C for 45 min under reflux condi-
tion and then cooled down to room temperature. The extract
obtained was filtered through Whatman No. 1 filter paper. The
filtrate was stored at 4 °C for further experiments.

Preparation of copper oxide nanoparticles: For synthesis
of copper oxide nanoparticles, 40 mM CuSO,-5H,0 (Sigma-
Aldrich Company, USA) solution was added to the heated plant
extract at the proper ratio and left at room temperature over-
night. The change in colour from brown to green was indicating
of the formation of copper oxide nanoparticles. The content
was centrifuged at 4000 rpm for 15 min, washed with distilled
water and dried at room temperature [ 14]. To study the optimum
conditions for CuONPs synthesis, the experiments were carried
out with different copper sulphate to Cordia myxa L. aqueous
extractratio (1:1, 1:2, 1:3, 1:4 and 1:5), pH (3,5,7,9 and 11)
and the copper ion concentration (10, 20, 30, 40 and 50 mM).
The pH of the reaction was adjusted using 0. 1 N NaOH and
0.1 N HCIL. The effect of these parameters on the synthesis
CuONPs was monitored by UV-visible spectrophotometer.

Characterization of green synthesis copper oxide nano-
particles

UV spectral analysis: The synthesized CuONPs were
initially characterized by UV-visible spectrophotometer to
confirm its presence. Ultra violet spectral measurement was
carried out in range of wavelength between 300-700 nm by
double beam UV-visible spectrophotometer (PD-303 UV).

Fourier transform infrared spectral analysis: The FT-
IR spectra was detected (Shimadzu IR-Prestige 21) to identify
the bioactive molecules responsible for the reduction of copper
ions with capping ability of the bioreduced CuONPs. The
spectra was recorded in the wavelength interval 4000-400 cm™.

X-ray diffraction studies: X-ray diffraction measurements
of CuO NPs was carried out using X-ray diffractometer instru-
ment [Shimadzu XRD-6000, AS (3k.NOPC)], an angle range
between 30-80° with CuK,, radiation in a 6-26 configuration.
The average crystallite size of the CuONPs calculated by
Debye-Scherrer formula as, D =kA/Bcos 6, where D is particle
diameter size, k is a constant equals 0.94, A is wavelength of
X-ray source (0.1541 A), B is the full width at half maximum
(FWHM) and 6 is the Bragg angle [15].

Scanning electron microscopy energy & dispersive X-
ray spectroscopy: The mean particle size of the synthesized
CuONPs was determined by SEM analysis. SEM measurement
was performed on INSPECT S50 FEIL The presence of elemental
copper was confirmed through EDX. The EDX observations
were carried out by EDX detector coupled with SEM.

Atomic force microscopy: Shape and size distribution
of the formulated CuONPs was studied by atomic force micro-
scopy (Phywenano compact AFM).

RESULTS AND DISCUSSION

Colour change: Change in colour mixture of leave extract
and copper sulphate to dark green after overnight reaction
clearly indicates the formation of CuONPs. This formation
was characterized by the UV-visible spectroscopy analysis to

confirm the presence of specific surface plasmon resonance
(SPR) [16]. In the UV-visible spectrum peak at 392 nm was
noticed due to SPR of metal oxide (Fig. 1). This wavelength
was closely matched the others reported value [17]. Another
researcher have reported that the synthesis of CuONPs can be
monitored by the formation of SPR at 415 nm [18]. Various
reports have established that the SPR band of copper nanopar-
ticles were observed between 620 to 710 nm [19]. These varia-
tions in the SPR may be attributed to spherical shape of copper
oxide nanoparticles, the surface plasmon resonance and the
blue shift are affected by the size distribution [20]. According
to Mie’s theory only a single SPR band is expected in the
absorption spectra of spherical metal nanoparticles [21]. In
the present study a single SPR peak was observed assuming
that the synthesized CuONPs were spherical in shape.
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Fig. 1. UV-visible spectra of copper oxide nanoparticles, showed a strong
SPR which was centered at 400 nm

Different parameters were optimized for the biosynthesis
of copper nanoparticles

Volume ratio of extract and copper sulphate: The for-
mation of copper oxide nanoparticle depends on the ratio of
extract/CuSOy (v/v). The UV-visible spectrum was recorded
for the shift in SPR peaks position with variation in the amount
of extract to precursor salt as shown in the Fig. 2. A red shift
in the wavelength from 365 to 369 nm was observed with the
increase in the volume of extract from 1:1 to 1:2 and then
further increase in red shift from 369 to 392 nm by an increase
of the ratio to 1:3. The SPR variation may be attributed to
influence between smaller nanoparticles which leads to
particles growth [22]. The accurate position of the SPR band
could differ depending on the size, shape and capping agent,
among other individuals properties of the nanoparticles
[23,24]. The maximum absorption was observed at 1:3 ratio,
but by increasing the ratio to 1:4 and 1:5 v/v, the absorption
decreased. The 1:3 ratio was found to be typical to biosyn-
thesize nanoparticles, it showed maximum absorption at 394
nm which was in assent with the values reported in the literature
[25].

Effect of pH: Green synthesis of copper oxide nanopar-
ticles using aqueous extract of Cordia myxa L. leaves was
examined over a broad pH range (3-11). Variations in pH were
highly affected the SPR of CuONPs. Moreover, the influence
of pH on the proceed of reduction reaction has also been
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Fig. 2. Effect of different ratio for Cordia myxa aqueous extract/copper
sulphate on CuONPs formation indicate the optimum ratio was 1:3

reported by many literatures [26,27]. As shown in Fig. 3,
increasing in pH from 3 to 7, the SPR was increased from 372
to 376 nm. A red shift in the wavelength was observed from
376 to 400 nm with the increase in pH from 7 to 9. Absorption
in UV-visible spectra was the maximum in pH 9. The increase
in pH from 9 to 11 decreased the absorption. The pH was one
of the factors that influenced the size, shape and composition
of a nanoparticle [28]. In acidic pH, nanoparticles aggregated
out of the nucleation, while at alkaline pH, great numbers of
nuclei formed, instead of aggregation [29,30]. So pH 9 was
found to be optimum to biosynthesize nanoparticles, which
was in a match the values reported in the literature [19].
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Fig. 3. Effect of different pH on CuONPs formation. The optimum pH

was 9

Different concentration of copper sulphate: Formation
of copper oxide nanoparticles was studied by the variation of
copper sulphate concentration from 10 to 50 mM. The SPR
absorption was increased due to increasing the concentration
of copper ions from 10 to 40 mM (Fig. 4). This may be attri-
buted to the formation of more CuONPs as the reaction progre-
sses since the intensity of the surface plasmon peak is directly
proportional to the density of the CuONPs in solution. It can be
assumed that at both lower 10 mM and higher 40 mM concen-
tration of copper sulphate not sufficient nuclei were shaped.
As increasing in the concentration of copper sulphate more
than 40 mM the SPR absorbance decrease that could be due
to the low number of reducing agent molecules. In the case of

2.000
a=10mM
b =20 mM
1.525 G50 mM
° d =50 mM
e e=40 mM
g e
21.050 4
b
< a X
0.575 :
\%
-__i_i..
0.100 :
300 400 500 600 700

Wavelength (nm)

Fig. 4. UV spectrum of green synthesis CuONPs formation, at different
concentration of copper sulphate. The optimum concentration of
CuSO, was 40 mM

low concentration (10 mM) of copper sulphate there will be
low the number of Cu®* ions which have to be reduced to Cu
nuclei [31].

FTIR analysis: The FTIR spectra of copper oxide nano-
particles is shown in Fig. 5. The two peaks values at 3537.45,
3471.87, corresponds to N-H stretch amines, suggested that
the role of amines in the stabilization of CuO NPs. The absor-
ption peaks at 3406.29, 3055.24, 3016.65, 2881.65, 1728.22,
1639.49, 1539.20, 1285.30 were corresponding to O-H stretch
carboxylic group, C-H aromatic, C-H aliphatic, C=0O amide
groups, C=C, C-N, respectively. These different bands indicate
that the presence of alkanes, phenols, carboxylic acid groups,
nitro compounds and alcohols, which are responsible for reduc-
tion of copper ion to copper nanoparticles by capping materials
of plant extract [32]. The three infrared absorption peaks reveal
the vibrational modes of CuO nanostructures in the range of
700-400 cm™. The major peaks were observed to be 489.92,
536.21 and 586.36 cm™. The present FTIR spectrum is well
consistent with that of CuO reported in the previous work of
literatures [33].
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Fig. 5. FTIR spectra of CuONPs

X-ray diffraction analysis: The XRD analysis of synthe-
sized CuO nanoparticles from Cordia myxa L. leaf extract is
shown (Fig. 6) a series of diffraction peaks at 26 of 32.49,
38.55,44.27,52.81,59.35,62.17, 68.68 and 74.35 which were
assigned to planes 110, 111, 202, 020, 202, 113, 220 and 004
planes, respectively. The sharp and narrow diffraction peaks
indicating highly crystalline structure nature of nanoparticles,
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Fig. 6. X-ray pattern of CuONPs

which are in good agreement with those of powder CuO obtained
from the international center of diffraction data card (JCPDS).
The average crystallite size is found to be 27.2 nm with size
ranging from 15 to 48 nm. The X-ray study indicate that the
resultant copper oxide nanoparticles are crystalline and
identical to monoclinic structure [34].

Scanning electron microscope (SEM) analysis: The
scanning electron microscope showed particles were spherical
in shape, ranged 20-35 nm (Fig. 7). Our result is in agreement
with other literature [35]. Large nanoparticles were seen due
to aggregation. This aggregation took place due to the presence
of cell components on the surface of nanoparticles and acts as
capping agent [36]. The EDX analysis of copper oxide
nanoparticles synthesized from the extract of Cordia myxa is
shown in Fig. 8. The EDAX spectrum was recorded in the
spot-profile mode, which indicated the reduction of copper
ions to a copper oxide in the reaction mixture. The optical
absorption peak is observed at 1 Kev, which is typical for the
absorption of metallic copper nanoparticles [37]. Strong signals
from the copper and oxygen atoms are observed, while weaker
signals for elements Al and Si along with copper and oxygen.
The weak signals of silica and aluminum in figures of EDX
are due to the aluminum grid base used for analysis and silica
holder used during spectral sample preparation and these are
considered preparation transport impurities [38]. The atomic
and the weight percentage of Cu and O are 5.49, 93.63, 1.45
and 98.02, respectively.
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Fig. 7. SEM image of CuONPs
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Fig. 8. EDX spectra of CuONPs
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Atomic force microscopy analysis: Atomic force micro-
scopy was used to monitor the samples morphology and rough-
ness of the copper oxide nanoparticles (Fig. 9). The micro-
graphs clearly indicate that the formulated copper oxide
possess spherical shape and have the calculated grain size in
the range between (20-106) nm in diameter with the mean
size 85.8 nm. Wider scans covering a few micrometers yielded
aroot mean square (RMS) roughness of 23.5 nm with a maxi-
mum value 106 nm. This grain size was much bigger than that
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Fig. 9. AFM image of CuONPs, (A) 3D topographical map of CuONPs showing irregularities surface (B) showing well dispersed and size of

NPs
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of evaluated values from SEM images. This enlargement in
the grain size may be due to the involution of true particle size
with that of the AFM point and also on the preparation of
samples for AFM [39].

Conclusion

A simple and low cost approach for the preparation of
copper oxide nanoparticles was employed successfully using
aqueous extract of Cordia myxa L. leaves as reducing, stabi-
lizing and capping agent. The biosynthesized nanoparticles
have been characterized by UV-visible, XRD, FTIR, SEM,
EDS and AFM. The reaction conditions including volume ratio
of plant extract and salt, pH and concentration of copper sulphate
were optimized in order to get the CuO NPs.
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