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Abstract

We report the synthesis of copper oxide (CuO) nanoparticles by simple chemical precipitation route
using the copper acetate precursor. The synthesized CuO nanoparticles were characterized by X-ray powder
diffraction (XRD), the synthesized particles were spherical and particle size was in the range of 24 nm. The
Fourier-transform infrared (FTIR) results showed the functional groups required for the reduction of copper
ions. UV - DRS is reported from the synthesis CuO nanoparticles and optical results show the bandgap
energy (Eg) is 1.94 eV. The photoluminescence spectrum display a broad emission at 527 nm indicates green
emission. The morphology of the product was analyzed by field emission scanning electron microscopy (FE-
SEM) and confirmed by high resolution transmission electron microscope (HR-TEM) analysis. The magnetic
measurements indicated that the obtained CuO nanostructures are found to be room temperature
ferromagnetism (RTF). The results reveal that B. subtilis shows the maximum inhibition up to 10 mm of the

synthesized CuO product.
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1. Introduction

In the last few years the modern society is
heavily dependent on semi-conducting metal
oxide nanomaterials, which are used in various
applications. The nanometer sized alkaline and
transition metal oxide materials have recently
attracted attention because of their physical and
chemical properties (Zhang et al.,, 2013). Among,
the various transition metal oxides, copper oxide
(CuO) are an important p-type transition metal
oxide. It is a black solid acting as an electric
insulator with a narrow band gap (1.4 eV), which
makes it a promising material as semiconductor
having  high  specific  capacitances and
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inexpensiveness, high stability, ease of storage
(Rajeshwari et al.,,, 2014). Copper oxide
nanoparticles are used as gas sensors, catalysis,
batteries, high temperature superconductors, solar
energy conversion tools, etc. (Ren et al., 2009;
Hsieh et al., 2003; Zhang et al., 2008). The use of
such nanomaterials in medical devices is to
prevent bacterial infection (Kumar et al., 2008).
Copper (I and II) oxides in their nanoform
(<100 nm) displays enhanced antimicrobial
activity towards pathogenic microorganisms.
Recently many metal oxides such as Ag,0, ZnO,
Fe,03, TiO,, SnO,, CeO, and polymer membrane
composites are known to exhibit good
antibacterial activities (Ananth et al., 2015).
Numerous reports have been discussed about the
antibacterial activities of elemental Cu, CuO and
Cu0O and their related particle size effect,
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morphology and the dissolution of their ions in
different medium (Ren et al., 2009; McDonnell et
al., 1999; Lu et al., 2009; Meghana et al., 2015).
In this present work, an attempt has been made to
prepare the CuO nanomaterials by a simple
chemical precipitation route. The chemical
precipitation route is noted for its simplicity and
cost effectiveness for the large-scale production of
CuO nanoparticles. The nanoparticles were
examined by structural, optical and its application
as antibacterial activities.

2. Materials and methods
2.1 Reagents

Copper acetate (C4HsCuQ4.4H,0), KOH,
absolute ethanol, acetone were of AR grade (99%
purity) and used without further purification.
Double distilled water was used throughout the
experiments.

2.2 Synthesis of CuO nanoparticles

Pure CuO nanoparticles were synthesized
by a simple chemical precipitation method. In the
preparation of CuO, 0.5 M of copper acetate
(C4HeCuO4.6H,0) was dissolved in 50 ml of
distilled water and stirred for 15 min. Then 1.5 M
of potassium hydroxide (KOH) dissolved in 50 ml
of distilled water was added drop wise to the
above solution under constant stirring. The
obtained blue precipitate of copper hydroxide was
stirred and heated at 60 °C until a black precipitate
was formed. The obtained precipitate was filtered
washed with distilled water and in ethanol several
times to remove the impurities. Further, the
obtained product was dried in a hot air oven at 100
°C for 7 h. Finally, the obtained products were
calcinated at 400 °C for 3 h in a muffle furnace to
harvest pure phase of CuO.

2.3 Characterization

The synthesized CuO nanoparticles were
characterized by different techniques. The powder
X-ray diffraction (XRD) patterns were recorded
on an X-ray diffractometer (X’PERTPRO) with
monochromated CuKa radiation (A=1.5406A).
Fourier transform infrared spectrometer (FT-IR)
spectra were recorded with a Fourier transform
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infrared spectrometer (SHIMADZU-8400 FT-IR
spectrometer) with KBr pellets in the range of
400-4000 cm™.  Ultraviolet-Visible spectroscopy
(UV-Vis) absorption spectra of the samples were
recorded on an UV-Vis-NIR spectrometer
(\Varian/ carry-5000) with a wavelength range of
200-800 nm. The photoluminescence (PL)
emission studies of the samples were carried out at
a room temperature using Jobin YVON,
FLUOROLOG-FL3-11 spectroflurometer. The
morphology and  size distribution  were
characterized using FE-SEM (JEOL JSM 6701-F)
and TEM measurement in a JEM-2100
instrument. Magnetic measurements were carried
out at room temperature using a PMC Micro Mag
3900 model vibrating sample magnetometer
(VSM) equipped with 1 T magnet.

Antibacterial activity

Antibacterial activity was screened against
four bacterial strains namely Gram —ve bacteria
Pseudomonas aeruginosa, and Escherichia coli,
Gram +ve bacteria Bacillus subtilis and
Staphylococcus aureus by Agar well diffusion
method (Raja Naika et al., 2014). Nutrient Agar
plates were prepared and swabbed using Sterile L-
shaped glass rod with 100 pul of 24 h mature broth
culture of individual bacterial strains. The wells
were made by using sterile cork borer (6 mm)
wells was created into the each Petri plates. CuO
NPs were used to assess the activity of the
nanoparticles. The compounds were dispersed in
sterile water and it was used as a negative control
and simultaneously the standard antibiotics
Gentamycin (10 pg/50ul) (Hi Media, Mumbai,
India) as positive control were tested against the
bacterial pathogens. Then, the plates were
incubated at 37 °C for 24 — 36 h, the zone
inhibition measured in millimeter (mm) of the
every well and also the values were noted.

3. Results and Discussion
3.1 Thermal analysis

In order to ascertain the thermal stability of
the as-prepared sample, thermo gravimetric and
differential thermal analysis curves were recorded
in the temperature range of 30-800 °C in the

. 2A\U
A

W



G. Viruthagiri / Indo - Asian_Journal of Multidisciplinary Research (IAJMR), 1(3): 228 - 235 230

nitrogen atmosphere. The obtained curves are
shown in Fig. 1. As shown in the figure, the
sample shows four stages of weight loss. An initial
weight loss of 2.73% recorded between the room
temperature, and 130 °C may be ascribed to
physisorbed water.

The second stage of a meager weight loss
of 1.38% predicted between 130 and 260 °C could
be due to the removal of chemisorbed water. A
third stage 8.75% weight loss observed between
260 and 310 °C can be pertained to the conversion
of Cu (OH); into CuO.
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Figure 1: TG - DTA patterns of nanosized CuO

The final weight loss of 10.55% appearing
between 310 and 375 °C is due to the
crystallization of CuO. Beyond this stage, a
further increase of temperature does not affect the
thermal stability of the sample as predicted from
the plateau region of the curve. The DTA curve
with two exothermic peaks at 260°C and 380°C
supports the conversion of Cu(OH), into CuO and
crystallization of CuO, respectively.
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3.1 Structural analysis

The crystallographic information of the
copper oxide nanoparticles were corroborated by
X-ray diffraction (Fig. 2). All the characteristic
diffraction peaks show well crystalline distinct
monoclinic structure of CuO. X-ray diffraction
peaks of the samples are in good agreement with
the JCPDS card no. 45-0937 (Mariammal et al.,
2013).
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Figure 2: XRD patterns of nanosized CuO

According to the JCPDS card, the
synthesized product is a monoclinic phase CuO
with cell parameters of a=4.685, b=3.425 and
c=5.130 A and space group of C2/c. All
diffraction peaks were only related to CuO
without any impurity peaks and thus the
synthesized product therefore consist of pure CuO
nanoparticles. The average size of CuO
nanoparticles (24 nm) were calculated using
Scherrer’s formula (1) (Kannadasan et al., 2014).

KA >
D = g 1
Bcos 6 (1)
Where, D is the crystallite size, K is the
Shape factor, A is the 0.15406 nm, B is the Full
width at half maximum, 0 is the Reflection angle.
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3.3 Optical studies
3.3.1 Ultra Violet-Diffuse reflectance spectrum
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Figure 3: UV-Vis-diffuse reflectance spectrum
of CuO nanoparticles

The optical  properties of CuO
nanoparticles were scrutinized by a UV-Vis
spectrum  (Fig.3). The room temperature
absorption spectrum of pure CuO nanoparticles
was recorded in the range of 225-800 nm. The
band gap energy (Eg) of pure CuO was obtained
from the wavelength value corresponding to the
intercept point of the straight line at a=0, which is
found to be 638 nm and bandgap energy (Eg) is
calculated by using the following equation (2),

hc 1240
Eg :T eV: Eg = T eV —V(Z)
where, Eg is the band gap energy (eV), h is
the Planck’s constant (6.626 x10™* Js), ¢ is the
light velocity (3x10® m/s) and A is the wavelength
(nm). The obtained bandgap energy (Eg) is 1.94
eV.

3.3.2 Photoluminescence (PL) analysis

The Figure 4 shows the PL emission
spectrum of pure CuO nanoparticles. A strong
photoluminescence was observed at room
temperature with the excited wavelength is 500
nm, respectively. The emission band originating
from the excited level was monitored in the
spectral region between 520 to 550 nm. The
energy of the trap level was identified the green
emission band at 527 nm is attributed to oxygen
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vacancies of CuO product (Yang et al., 2008). The
green emission band at 525 nm for deep level
defects of CuO reported by Jin et al. (2010). These
oxygen vacancies are allowed to recombine with
the photo generated holes and resulted in green
emission.
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Figure 4: PL spectrum of CuO nanoparticles
3.4 Functional group analysis

The functional group of the CuO
nanoparticles was also confirmed by FTIR
analysis which was recorded in the range of 4000-
400 cm™ and also depicted in Fig. 5. An intense
and broad band appeared in the region 3200-3550
cm’* corresponding to the O-H stretching adsorbed
water (Nakamoto et al., 1991) which is further
confirmed by the band at 1629 cm™. The band at
2924, 2358 and 1404 cm™ attributed to the
stretching vibration of C=H, C=0 and C-O bonds
respectively. The absorption peaks in the range of
400-850 cm™ are assigned to M-O (M=Cu), O-M-
O and M-O-M lattice vibration (Xin-Yao et al.,
2012). The very intense band observed at 513 cm™
was assigned to Cu-O bond, (Goswami et al.,
2012) respectively.

0
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Figure 5: FT-IR spectrum of CuO
nanoparticles

3.5 Surface morphological analysis

The morphology surface of pure CuO
sample was investigated using FE-SEM. As is
seen from Fig. 6(a), the CuO sample is consisted
of agglomerated spherical shaped nanoparticles
and almost nonuniform morphology, it can be seen
that all the nanoparticles are definitely separated
with clear boundaries. The CuO exhibited
boundary like morphology, the similar results
which was reported in the literature (Pendashteh et
al., 2013). The bar diagram of quantitative results
from EDX analysis undoped sample has been
depicted in Fig. 6(b). The result shows the
presence of O and Cu are the only elements
according to weight % of 27.66 and 72.34 %,
respectively. For morphological (size)
confirmations, TEM images were recorded for

pure CuO.

A

Figure 6: (a) FE-SEM image of CuO
nanostructure and (b) bar diagram of
quantitative result from EDX analysis
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Figure 7(a) shows the aggregated
nanoparticles, this is in agreement with the FE-
SEM observation. Combine with the TEM images
Fig. 7(b), it shows that the continuous lattice
fringes with the interplanar spacing of 0.252 nm
which are in good agreement with the interplanar
distance of (002) plane of the monoclinic structure
of CuO. Electron diffraction patterns showed the
brightness and intensity of polymorphic discrete
ring of the crystalline nanoparticles is shown in
Fig. 7(c).

Figure 7: (a) HR-TEM image of CuO
nanostructure, (b) Corresponding TEM
micrograph and (c) SAED pattern
3.6. Magnetic Study

The effective functioning of the spintronic

devices depends on the room temperature
ferromagnetism of the semiconductor
nanoparticles.  Among the metal oxide

semiconductors, the P-type conducting nature of
CuO finds its applications in the field of gas
sensors,  superconductors, and solar cells
(Mariammal et al., 2013). The magnetic properties
of the pure CuO nanocrystals were measured at
room temperature by a vibrating sample
magnetometer (VSM). Figure 8 shows the
dependence of magnetization on the applied
magnetic field (M-H curves). It can be seen from
Fig. 8 exhibit magnetic hysteresis loops with low

P
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coercivity and high saturation. This indicates the
room temperature ferromagnetism of (RTF) CuO.
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Figure 8: B-H hysteresis loop of CuO
nanoparticles

The origin of ferromagnetism is by the
presence of the unpaired electrons spin resulting
from the oxygen vacancies at the surface/or the
interface  between the particles and the
uncompensated Cu?* ions at the surface (Shang et
al., 2009; Zou et al., 2012; Zeng et al., 2009). Gao
et al., reported that the oxygen vacancies were a
critical factor in introducing RTF in pure CuO
nanoparticles (Gao et al.,, 2010). Zhao et al.,
presented that RTF observed in pure CuO
nanosheets results from the uncompensated spins
on the surface (Zhao et al., 2011).

3.7 Antibacterial activity

The antibacterial activity of CuO
nanoparticles was investigated both Gram positive
(Staphylococcus aureus and Bacillus subtilis) and
Gram negative (Pseudomonas acruginosa and
Escherichia coli) bacteria by zone inhibition
methods. The results of zone inhibition method as
depicted in Fig. 9. Dasa et al. (2013) reported that
copper nanoparticles have efficient and
bactericidal effect against E. coli and P.
aeruginosa. The growth inhibition of cells may be
due to distractions of cell membrane by Copper
oxide nanoparticles which results in breakdown of
cell enzyme (Ren et al., 2009).

Figure 9: Zone of inhibition of pure CuO
nanoparticles (a) Staphylococcus aureus (b)
Pseudomonas aeruginosa (c) Bacillus subtilis

and (d) Escherichia coli

The zone of inhibition values of CuO
nanoparticles and standard antibiotic were
reported in Table - 1. The results reveal that B.
subtilis shows the maximum inhibition upto 10
mm followed by P. aeruginosa (7 mm), S. aureus
(7 mm) and E. coli (6 mm).

Table - 1: Antibacterial activity of CuO
nanoparticles

Zone of inhibition (mm)
Microorganisms Standard CuO
control | nanoparticles
P. aeruginosa 10 7
S. aureus 15 7
B. subtilis 15 10
E. coli 12 6

4. Conclusion

Copper  oxide  nanoparticles  were
synthesized through a simple chemical
precipitation method. The diffraction peaks show
monoclinic structured of CuO nanoparticles. The
synthesized particles were spherical shape and
particle size was in the range of 24 nm. Fourier-
transform infrared (FT-IR) results showed the
functional group for copper ion is obtained from
the absorption band at 513 cm™. The optical
results show the bandgap energy (Eg) is 1.94 eV
and broad emission peak at 527 nm shows green
emission. The morphology is observed from FE-

A
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SEM and confirmed by HR-TEM. According to
the magnetic measurements, an obtained CuO
product exhibits the room  temperature
ferromagnetic behavior. The antibacterial results
reveal that B. subtilis shows the maximum
inhibition up to 10 mm of the prepared CuO
product.
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