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a  b  s  t  r  a  c  t

CuO  nanoparticles  were  synthesized  by thermal  decomposition  methods  and  characterized  by  UV–visible
spectroscopy,  XRD  and  TEM  analysis.  The  resultant  particles  are  nearly  spherical  and  particle  size  is in
the range  of 15–30  nm.  The  antioxidant  behavior  of synthesized  CuO  nanoparticles  was  evaluated  by
scavenging  free  radicals  of  2,2-diphenyl-1-picrylhydrazyl  hydrate  (DPPH).  The  free  radical  scavenging
vailable online 25 July 2012
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activity  of CuO  nanoparticles  was  monitored  by UV–visible  spectrophotometry.  The  antibacterial  activity
of  CuO  nanoparticles  was  tested  against  different  bacterial  strains.  CuO  nanoparticles  showed  efficient
antioxidant  activity  and  bactericidal  effect  against  Eschericia  coli and  Pseudomonas  aeruginosa.

© 2012 Elsevier B.V. All rights reserved.
uO

. Introduction

The assessment of antioxidant activity of nano materials has
ecome one of the important basic studies in nano science and
echnology. Oxidation reaction in food takes place when chemi-
al compounds present in the food are exposed to oxygen in the
ir, which leads to the loss of nutritional value; creating rancidity
nd causing discolor in food [1,2]. Consumption of oxidized foods
auses serious diseases like hepatomegaly or necrosis of epithe-
ial tissues. Oxidative reactions produces lipid peroxides and low

olecular weight compounds which are responsible for these dis-
ases. Antioxidant plays a crucial rule in terminating the oxidative
ancidity in food by scavenging the free radical which is generated
uring oxidation process [3,4]. Many kinds of natural and synthetic
ntioxidants have been investigated to inhibit these oxidation reac-
ions to date.

Polymers are also susceptible to attack by atmospheric oxygen,
specially at elevated temperatures encountered during process-
ng of polymers. Oxidation of polymers results in break down
f the polymer chain and cracks start to grow in the affected

egion. In case of aging of rubber oxidation inside it results the
eterioration of its physical and mechanical properties. Photo-
xidation of polymer creates aldehydes, ketones and carboxylic
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acids at the end of the polymer chain. Antioxidants terminate these
chain reactions by removing free radical intermediates, and inhibit
other oxidation reactions. Butylated hydroxyanisole (BHA), buty-
lated hydroxytoluene (BHT) and n-propyl gallate (NPG) are used
as antioxidants but due to their carcinogenicity, they have limited
uses [5,6].

Vitamin A, Vitamin C, Vitamin E and carotenoids are natural
antioxidants. These types of antioxidants can accept an unpaired
electron leading to the generation of a stable intermediate. This
intermediate remains stable for a long time to interact in a con-
trolled fashion, which prevent auto oxidation and the excess energy
of surplus electron is dissipated without damage to the tissues.
These dietary antioxidants can be able to recycle, which is an indi-
cation of their physiological essentiality to function as antioxidants.

CuO nanoparticles are stable, robust and have a longer shelf
life compared to organic antimicrobial agents. Copper and its
complexes have been increasingly used as effective materials for
purification of water, textiles etc. In spite of the negligible sensitiv-
ity of human tissues to copper and its complexes, microorganisms
show efficient sensitivities even in their lower concentrations. But,
their actual bactericidal mechanism is yet to be known. Metallic
copper nanoparticles have a tendency to fast oxidation in the pres-
ence of air leading to both chemical as well as physical instability,
particularly if Cu2+ is formed [7,8].
Saikia et al. [9,10] reported the antioxidant activity of Fe3O4
and NiO nanoparticles and found 80% and 90% antioxidant activ-
ity respectively. Dolui et al. [11] synthesized copper-polystyrene
nanocomposite particles using water in supercritical carbon

dx.doi.org/10.1016/j.colsurfb.2012.07.002
http://www.sciencedirect.com/science/journal/09277765
http://www.elsevier.com/locate/colsurfb
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ioxide medium to study the antimicrobial activity for the syn-
hesized particles. Cioffi et al. [12] studied the antifungal and
acteriostatic properties of Cu nanoparticles/polymer composites.
i et al. [13] successfully studied the two-level antibacterial coating
ith both release-killing and contact-killing capabilities. Copper

xide [8,14,15] nanoparticle have got the importance due to their
pplications as antimicrobials, gas sensors, catalysis, batteries, high
emperature superconductors, solar energy conversion tools, etc.

 recent study suggests that [16,17] oxidative stress may  be the
ause of the cytotoxic effect of CuO nanoparticles in human airway
pithelial cells. Berntsen et al. [18] reported that in human airway
mooth muscle cells the impaired cell viability and decreased in
ell contractility occurred due to exposure of CuO nanoparticles.

In this paper, an attempt has been made to explore the antioxi-
ant and antibacterial activity of CuO nanoparticles.

. Materials and methods

.1. Materials

Na2CO3, CuSO4·5H2O and methanol were purchased from
erk, India. 2,2-Diphenyl-1-picrylhydrazyl hydrate (DPPH) was

urchased from Aldrich. Distilled water was used for washing pur-
oses. All the chemicals and reagents were used as received without
urther purification.

.2. Preparation of CuO nanoparticles

CuO nano particles [19] were prepared via direct thermal
ecomposition method with slight modification. In a typical syn-
hesis, precursor was synthesized by adding 0.5 M Na2CO3 solution
o 100 ml  of 0.5 M CuSO4 solution sonicating at 60 ◦C. The green
recipitate, Cu4(SO4)(OH)6 was separated by filtration and washed
everal times with warm deionized water to remove possible
emaining ions in the final product. Resultant Cu4(SO4)(OH)6 was
ransferred to a silica crucible and placed in an oven at 70 ◦C for
–7 h. Finally, it was kept in an pre-heated muffle furnance at 600 ◦C
or decomposition. After 2 h, the silica crusible was  taken out from
he furnance and allowed to cool to room temperature following
hich the collected mass was ground. The resultant brownish black
owder was collected. The reaction pathway of thermal decompo-
ition of Cu4(SO4)(OH)6 to CuO nanoparticles is represented by the
ollowing reactions:

u2(SO4)(OH)6 · nH2O
�−→

70 ◦C
CuSO4 · 3Cu(OH)2 + nH2O

u2SO4 · 2Cu(OH)2
�−→

600 ◦C
3CuO + 2H2O + SO2 + (1/2)O2

.3. Measurements of antioxidant activity

Antioxidant activity of CuO nanoparticles was  measured by
PPH method, as reported by Serpen et al. [20]. In a typical process,
.20 mL  (100 �M)  of DPPH was taken in a small glass bottle, and
20 mg  of CuO nanoparticle sample was dispersed in to it. DPPH was
sed as the radical source and CuO was used as radical scavenger.
PPH radical has a deep violet color in solution, and gradually it
ecomes colorless or pale yellow in the presence of CuO nanoparti-
les. This property allows visual monitoring of the reaction, and the
oncentration of radicals is monitored from the change in percent-

ge of absorption at 517 nm.  The rate of the reaction was enhanced
y sonicating the reaction mixture at room temperature. The super-
atant containing DPPH was collected for different time intervals.
he time dependent DPPH scavenging was studied at an interval of
ointerfaces 101 (2013) 430– 433 431

15, 30, 45 and 60 min. DPPH scavenging activity is calculated using
the following equation:

DPPH scavenging activity (%) =
[

1 − As

Ac

]
× 100,

where Ac and As are the intensity of peak at 517 nm for control
(DPPH) and supernatant DPPH solvent respectively.

2.4. Antibacterial activity test

In order to investigate the antibacterial activity, CuO nanopar-
ticles were tested against the strains: P. aeruginosa BS3, Bacillus
circulens BP2, Eschericia coli and Staphylococcus aureus. Antibacte-
rial test was done by measuring growth curve of bacterial culture
incubated in the LB broth medium in presence of CuO nanopar-
ticles with different concentrations (1 mg,  2.5 mg, and 4 mg/mL).
All glassware and samples were sterilized at 120 ◦C for 10 min.
In a typical experiment for construction of the growth curves,
all the bacterial cultures with an approximate concentration of
106–107 colony forming units per milliliter (CFU/mL) were inoc-
ulated into LB broth medium containing different concentrations
of CuO nanoparticles each. In order to ensure optimum contact
between CuO nanoparticles and bacterial cells all experiments were
performed in an incubator shaker at 37 ◦C and 180 rpm. Following
inoculation, the optical density (OD) of the cultures was  serially
monitored at 600 nm with a spectrophotometer at an interval of
3 h. Cultures of nanoparticle-free medium under the same growth
conditions were used as controls. In order to circumvent potential
optical hindrance during optical measurements of the growing cul-
tures caused by the light-scattering properties of the nanoparticles,
the dispersion of nanoparticles without micro-organisms was  used
as blank control [21]. All assays were repeated three times in dupli-
cate, to ensure uniform results. Standard deviation was calculated
in terms of standard error using equation:

S =

√√√√ 1
N − 1

N∑
i=1

(xi − x̄)2

where (x1, x2, x3, . . . xi) are the observed values of the sample items
and x̄ is the mean value of these observations, (N–1) is known as
Bessel’s correction.

2.5. Characterization

The UV–visible absorption spectra were recorded by using
Shimadzu UV-2550 UV–visible spectrophotometer at room tem-
perature. The size and morphologies of CuO nanoparticles were
observed with a JEOL JEM 2100 transmission electron microscope
at an acceleration voltage of 200 kV. The crystalline structure of
CuO nanoparticles were studied by using X-ray diffractometry
(Miniflex, Rigaku Japan) with CuK� radiation (� = 0.15418 nm) at
30 kV and 15 mA with scanning rate of 0.005 S−1 in a 2� range of
20–70◦.

3. Results and discussion

3.1. Characterization of nanoparticles

UV–visible spectra of the synthesized nanoparticles are shown
in the Fig. 1. In the spectra, peak at 380 nm is due to surface plas-

mon absorption of metal oxide. The surface plasmon absorption in
the metal oxide nanoparticles is due to the collective oscillation of
the free conduction band electrons which is excited by the incident
electromagnetic radiation. This type of resonance is seen when the
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Fig. 1. UV spectra of CuO nanoparticles.
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Fig. 2. TEM image of synthesized CuO nanoparticles.

avelength of the incident light far exceeds the particle diame-
er. Surface plasmon absorption band with a maximum at 380 nm
ndicates the formation of CuO nanoparticles.

The morphology and microstructure of prepared products were
urther examined with TEM. Fig. 2 shows a typical TEM image of

he synthesized CuO nanoparticles. From the TEM image it can be
een that the particles are nearly spherical with relatively uniform
iameters and the particle size is found to be 15–30 nm.

Fig. 3. XRD pattern of synthesized CuO nanoparticles.
Fig. 4. Time dependent free radical scavenging by CuO nanoparticles.

Fig. 3 represents the XRD pattern of synthesized CuO nanopar-
ticles. Different peaks were observed at (2�) = 33.33◦ (1 1 0), 35.69◦

(1̄ 1 1), 38.90◦ (111), 48.91◦ (2̄ 0 2), 53.36◦ (0 2 0), 58.24◦ (2 0 2) and
61.72◦ (1̄ 1 3) corresponds to different planes of CuO nanoparti-
cles. This confirms the formation of CuO nanoparticles. Every CuO
nanoparticles has an interlayer spacing of 1.78861 Å which was
calculated by using Williamson Hall plot.

3.2. Antioxidant activity

It is observed that colour of DPPH containing solution gradu-
ally changes from deep violet to pale yellow in the presence of
CuO nanoparticles. Fig. 4 shows UV–visible spectrum of DPPH in
the presence of CuO nanoparticles at different time intervals. The
percentage of DPPH scavenging activity of CuO nanoparticles is
evaluated from the decrease in percentage absorbance at 517 nm.
The peak intensity at 517 nm gradually decreases with time inter-
val, which gives the evidence of the free radical scavenging capacity
of CuO nanoparticles. In this experiment, we  have found that the
DPPH scavenging activity of CuO nanoparticles upto 85% in 1 h.
CuO nanoparticles have a capability to transfer its electron density
towards the free radical located at nitrogen atom in DPPH.

3.3. Antibacterial activity test

Antibacterial activity of the CuO nanoparticles on the microor-
ganisms E. coli, S. aureus,  P. aeruginosa BS3 and B. circulens BP2
has been given in Fig. 5(a), (b), (c), (d) respectively. It shows a
significant growth inhibition of bacterial culture by CuO nanopar-
ticles with respect to the control. The antibacterial activity in case
of E. coli shows that 1 mg/mL  concentration of CuO nanoparti-
cles inhibits bacterial growth after 9 h and in concentration of
4 mg/mL, growth inhibition starts after 3 h with respect to con-
trol culture. In case of S. aureus,  all the concentrations of CuO
nanoparticles retard the growth almost at the same time interval.
But in case of P. aeruginosa BS3 there is a significant decrease in
growth after 4 h in the highest concentration of CuO nanoparticles
(4 mg/mL). Accordingly B. cereus shows growth inhibition approx-
imately after 12 h in all the concentrations with respect to control
experiment.

From the above experiment it can be assumed that the CuO
nanoparticles are effective in killing/inhibiting a range of bacterial
growth. However, higher concentration of nano CuO is significant
in bactericidal effect. One of the possible reasons for this could

be direct interaction between CuO nanoparticles and the exter-
nal membrane surface of the bacteria. In this context a number
of mechanisms have been proposed to interpret the antibacte-
rial behavior of metal oxides. Makhluf et al. [22] explored the
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ig. 5. The effect of CuO nanoparticles on the growth of E. coli, S. aureus,  P. aeruginos
ontaining various concentrations of nano CuO (1, 2.5 and 4 mg/mL). The standard e

ntibacterial behavior of MgO  and proposed the production of
ctive oxygen species due to the presence of MgO. The active
xygen species interact with bacterial membrane cell and allow
enetration of individual MgO  particles into the cell. Zhang et al.
23] reported that the presence of ZnO nanoparticles leads to dam-
ges to the membrane wall of E. coli. Such damages may  be partly
ue to direct interactions between ZnO nanoparticles and bacterial
embrane surface. The antibacterial effect of CuO nanoparticles

ncreases with the concentration. The growth inhibition is probably
ue to disruptions of cell membrane by CuO nanoparticles results

n malfunction of cell enzyme [8].

. Conclusion

Thus we have successfully synthesized CuO nanoparticles and
valuated their antioxidant as well as antibacterial activity. CuO
anoparticles show free radical scavenging activity up to 85% in

 h which is relatively higher in comparison to other metal oxide
anoparticles. CuO nanoparticles are promising antioxidants in
olymer processing and non-biological systems. With the increase

n CuO nanoparticles concentration, there is a significant decrease
n bacterial growth. This implies the proficient antibacterial activity
f CuO against E. coli and P. aeruginosa.
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