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Abstract 

In the present work, straw like copper oxide 

by applying constant current density. The tetraethylammonium bromide used as surfactant in an aqueous medium. The 

various parameter such as concentration of surfactant, current de

electrodes were used for monitoring nanoparticles size and to prevent agglomeration. The characterization of synthesized 

nanoparticles was done by using analytical techniques like XRD, SEM, EDX, 

were studied spectrophotometrically for their antioxidant potential using modified DPPH assay. These nanoparticles 

exhibited pronounced antioxidant activity.
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Introduction 

During the metabolic processes free radicals are generated as by 
products. These highly reactive species have harmful 
interactions with various biomolecules. This leads to many 
noxious diseases in human beings like cancer, cardiovascular 
diseases, CNS diseases, arthritis, etc Body has its own defense 
mechanism against these free radicals, still there is demand for 
supplementary antioxidants. Synthetic antioxi
combination with dietary ones can help to prevent these 
diseases. There are several in vitro methods for assessment of 
antioxidant property like hydrogen peroxide, nitric oxide, 
hydroxyl radical, peroxynitrite, superoxide scavenging activity, 
DPPH assay, etc.  
 
Among these methods, DPPH method is moreover rapid, simple 
and cheap in comparison to other methods. Nanoparticles have 
been studied for their various applications including catalytic, 
photoelectric, antimicrobial, anticancer and antioxidant
Literature survey shows that metal oxides like Fe
nanoparticles exhibit about 48-85% antioxidant activity in 
DPPH assay1-3. 
 
Synthetic method is one of the important factors
CuO nanoparticles with varied surface area and shapes. 
method include solvothermal4,5, microwave irradiation
gel7, thermal oxidation8, hydrothermal reduction
simple solution11,12, quick-precipitation13,14, microwave heating 
using ionic liquid15 etc. Thus different nanostructures of 
nanoparticles are synthesized with and without the use of 
surfactant such as nanoplatelets16-18, urchin
like21, nanowhiskers22, nanorods23, nanowires
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In the present work, straw like copper oxide nanostructure were successfully prepared by electrochemical reduction method 

by applying constant current density. The tetraethylammonium bromide used as surfactant in an aqueous medium. The 

various parameter such as concentration of surfactant, current density, electrolysis time and separation distance between the 

electrodes were used for monitoring nanoparticles size and to prevent agglomeration. The characterization of synthesized 

nanoparticles was done by using analytical techniques like XRD, SEM, EDX, HRTEM and XPS. 

were studied spectrophotometrically for their antioxidant potential using modified DPPH assay. These nanoparticles 

exhibited pronounced antioxidant activity. 

opper oxide nanoparticles, Tetraethylammonium bromide, 

During the metabolic processes free radicals are generated as by 
products. These highly reactive species have harmful 

. This leads to many 
noxious diseases in human beings like cancer, cardiovascular 
diseases, CNS diseases, arthritis, etc Body has its own defense 
mechanism against these free radicals, still there is demand for 
supplementary antioxidants. Synthetic antioxidants in 
combination with dietary ones can help to prevent these 

methods for assessment of 
antioxidant property like hydrogen peroxide, nitric oxide, 
hydroxyl radical, peroxynitrite, superoxide scavenging activity, 

Among these methods, DPPH method is moreover rapid, simple 
and cheap in comparison to other methods. Nanoparticles have 
been studied for their various applications including catalytic, 
photoelectric, antimicrobial, anticancer and antioxidants. 
Literature survey shows that metal oxides like Fe2O3, NiO, CuO 

85% antioxidant activity in 

factors to produce 
CuO nanoparticles with varied surface area and shapes. These 

, microwave irradiation6, sol-
, hydrothermal reduction9, combustion10, 

, microwave heating 
etc. Thus different nanostructures of CuO 

nanoparticles are synthesized with and without the use of 
, urchin-like19,20, feather-

, nanowires24,25 and 

nanoribbons26,27. Among the various metal oxide nanoparticles, 
CuO NPs have attracted researchers because of their varied 
activities such as antimicrobial28, gas sensors
high-Tc superconductors33, field emission
 
In the present investigation we have reported an efficient and 
simple synthesis of CuO NPs by surfactant assisted 
electrochemical reduction process. The cationic surfactant 
tetraethylammonium bromide was used as a structure directing 
agent cum electrolyte. These CuO NPs were tested for 
antioxidant activity. 
 
Materials and Mathods 

Materials: All the chemicals were of AR grade and used 
without purification. Tetraethylammonium bromide [M=210.16, 
C8H20NBr] was purchased from Merck and 
picryl hydrazyl (DPPH) [M=394.32, C
purchased from Aldrich. Methanol (HPLC
water were used as a solvent.  
 
Synthesis of copper oxide Nanoparticles

investigation for the synthesis of 
reduction method was used. In this process, in oxidation of bulk 
metal occures at anode and the cations migrate towards cathode 
while reduction occures with the formation of metal or metal 
oxide. Ammonium stabilizer prevents the agglomeration with 
formation of metal powder35. 
 
In the initial experiment we have taken specially designed 
electrolysis cell which contains 25 mL aqueous solution of 
tetraethylammonium bromide (0.01M) as the surfactant, 
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nanostructure were successfully prepared by electrochemical reduction method 

by applying constant current density. The tetraethylammonium bromide used as surfactant in an aqueous medium. The 

nsity, electrolysis time and separation distance between the 

electrodes were used for monitoring nanoparticles size and to prevent agglomeration. The characterization of synthesized 

The synthesized CuO NPs 
were studied spectrophotometrically for their antioxidant potential using modified DPPH assay. These nanoparticles 

etraethylammonium bromide, Antioxidant. 

. Among the various metal oxide nanoparticles, 
NPs have attracted researchers because of their varied 

, gas sensors29, 30, catalytic 31, 32, 
, field emission34 etc. 

In the present investigation we have reported an efficient and 
is of CuO NPs by surfactant assisted 

electrochemical reduction process. The cationic surfactant 
tetraethylammonium bromide was used as a structure directing 
agent cum electrolyte. These CuO NPs were tested for 

All the chemicals were of AR grade and used 
without purification. Tetraethylammonium bromide [M=210.16, 

NBr] was purchased from Merck and 2,2-diphenyl-1-
picryl hydrazyl (DPPH) [M=394.32, C18H12N5O6] was 
purchased from Aldrich. Methanol (HPLC grade) and distilled 

Synthesis of copper oxide Nanoparticles: In present 
investigation for the synthesis of CuO NPs electrochemical 
reduction method was used. In this process, in oxidation of bulk 

the cations migrate towards cathode 
while reduction occures with the formation of metal or metal 
oxide. Ammonium stabilizer prevents the agglomeration with 

In the initial experiment we have taken specially designed 
electrolysis cell which contains 25 mL aqueous solution of 
tetraethylammonium bromide (0.01M) as the surfactant, 
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sacrificial copper plate (1.0 X 1.0 cm) as anode and the inert 
platinum electrode (1.0 X 1.0 cm) as cathode. In electrolysis cell 
electrodes were placed parallel and separated by a distance of 
1.0 cm. Upon applying constant current density 10 mA/cm
2h in nitrogen atmosphere, we obtained > 95% of CuO 
nanocluster stabilized by tetraethylammonium bromide (TEAB). 
CuO NPs were dark brown in color.  
 
The solid sample was separated by decantation and washed 
three-four times using distilled water. The washed sample was 
then dried under vacuum desiccator and calcined at 500°C in 
muffle furance and stored under ambient conditions  in closed 
glass vials for futher study. 
 
Measurement of antioxidant activity: As the 
insoluble in methanol, a modified DPPH method was used as 
reporated36. 100 mg of powered CuO NPs and 3mL (100
methanolic solution of DPPH was taken in reaction vial. To 
increase the rate of interaction between CuO NPs and DPPH 
reagent, the mixture was further sonicated and kept in dark. The 
contents were centrifuged at 15,000 rpm for two min. Then the 
absorbance of supernatant liquid was measured at 517 nm. 
 
The DPPH control used as a reference. Above procedure was 
repeated to study the time dependent DPPH scavenging at an 
intervals of 5, 15, 30, 45 and 60 min. The percent  DPPH radical 
scavenging was calculated using the equation 
 
% inhibition of DPPH radical = (Abscontrol - Abs
100 
 
Where: Abscontrol and Abssample are absorbance of DPPH 
(Control) and supernatant DPPH solvent respectively. The SC 
50 (amount requried to scavenge 50% DPPH) value was 
evaluated by using above procedure for different amounts of 
CuO NPs from 20 to 100 mg and absorbances were recorded 
after 30 min. 
 
Characterization of copper oxide nanoparticles

crystallinity and crystal phase of the CuO NPs 
Bruker D8 Advance X-ray diffractometer with Cu
(λ = 1.5406 Å). The morphology and elemental composition of 
the prepared CuO NPs was characterized by energy dispersive 
X-ray spectrophotometer (EDX) attached with scanning 
electeron microscopy (SEM) on JEOL-
instrument. High resolution transmission electron microscopy 
(HRTEM) and selected area diffraction (SEAD) were carried 
out on FEI Tecnai F 30 operating range 100-300kV. 
 
The chemical state and binding energy of the inner shell 
electron were evaluated by X-ray photoelectron spectroscopy 
(XPS) using a PHI 5000 Versa Probe II equipped with a mono
chromatic Al Kα (1486.6 eV) which is used as an excitation 
source and a hemispherical sector analyzer was used for 
detection of the ejected photoelectrons with changing kinetic 
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are absorbance of DPPH 
(Control) and supernatant DPPH solvent respectively. The SC 
50 (amount requried to scavenge 50% DPPH) value was 

ated by using above procedure for different amounts of 
from 20 to 100 mg and absorbances were recorded 

Characterization of copper oxide nanoparticles: The 
CuO NPs was studied using 

ray diffractometer with Cu-Kα radiation 
). The morphology and elemental composition of 

was characterized by energy dispersive 
ray spectrophotometer (EDX) attached with scanning 

-JED 2300 (LA) 
. High resolution transmission electron microscopy 

(HRTEM) and selected area diffraction (SEAD) were carried 
300kV.  

The chemical state and binding energy of the inner shell 
ray photoelectron spectroscopy 

using a PHI 5000 Versa Probe II equipped with a mono-
(1486.6 eV) which is used as an excitation 

source and a hemispherical sector analyzer was used for 
lectrons with changing kinetic 

energies. The DPPH concertration  was determined using 
Shimadzu 1800 UV-visible spectrophotometer at 517 nm.
 

Results and Discussion 

X-ray diffraction of copper oxide nanoparticles

straw like copper oxide nanostructure with crystal size ~5nm 
have been prepared by electrochemical reduction method. The 
crystallinity and crystal phase of synthesized 
examined by XRD shown in Figure
parttern can be assigned to the typical monoclinic
structure, single phase CuO (space group C2/c, JCPDS card no. 
74-1021). These synthesized CuO NPs are of high purity 
because impurities are absent as indicated by XRD. The small 
size of nanoprticles can be easily detected from broadening of 
peaks. The average size of the CuO NPs 
according to the Debye-Scherrer’s equation
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-

XRD Pattern of synthesized CuO NPs

 
Scanning electron microscopy (SEM) and Energy dispersive 
X-ray spectroscopy (EDX) analysis

the SEM image and EDX spectrum of synthesized 
respectively. The SEM image clearly indicates well dispersed 
nature and needle-like morphology of NPs. EDX spectrum was  
used for qualitative as well as quantitative an
spectrum of CuO NPs indicates the existence of copper and 
oxygen with 68.36% copper and 31.64% oxygen. No other 
elemental impurity like C, N and Br indicates that the CuO 
nanoparticles are successfully prepared and there is a complete 
removal of surfactant. 
 
High resolution transmission electron microscopy (HRTEM) 
analysis: By using HRTEM particle size, shape and phase were 
assessed. Figure-3 (a) and (b) shows HRTEM and selected area 
electron diffraction (SAED) pattern of synthesized 
respectively. Analysis of the HRTEM micrograph depicts the 
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The DPPH concertration  was determined using 
visible spectrophotometer at 517 nm. 

ray diffraction of copper oxide nanoparticles: Stable long 
ucture with crystal size ~5nm 

have been prepared by electrochemical reduction method. The 
crystallinity and crystal phase of synthesized CuO NPs were 
examined by XRD shown in Figure-1. The peaks in the XRD 
parttern can be assigned to the typical monoclinic tenorite 
structure, single phase CuO (space group C2/c, JCPDS card no. 

1021). These synthesized CuO NPs are of high purity 
because impurities are absent as indicated by XRD. The small 
size of nanoprticles can be easily detected from broadening of 

CuO NPs is found to be 4.68 nm 
Scherrer’s equation37. 

-1 

XRD Pattern of synthesized CuO NPs 

Scanning electron microscopy (SEM) and Energy dispersive 
analysis: Figure-2(a) and (b) are 

the SEM image and EDX spectrum of synthesized CuO NPs 
respectively. The SEM image clearly indicates well dispersed 

like morphology of NPs. EDX spectrum was  
used for qualitative as well as quantitative analysis. The EDX 

indicates the existence of copper and 
oxygen with 68.36% copper and 31.64% oxygen. No other 
elemental impurity like C, N and Br indicates that the CuO 
nanoparticles are successfully prepared and there is a complete 

transmission electron microscopy (HRTEM) 
By using HRTEM particle size, shape and phase were 

3 (a) and (b) shows HRTEM and selected area 
electron diffraction (SAED) pattern of synthesized CuO NPs 
respectively. Analysis of the HRTEM micrograph depicts the 
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formation of well dispersed, long straw like nanostructre. The 
SAED pattern shows formation of crystalline nanoparticles. The 
results of SAED image are in accordance with XRD pattern. 
 

X-ray photoelectron spectroscopy (XPS) analysis: Figure-4 
indicates the XPS analysis of the CuO NPs and Figure-4 (a) 
shows the survey scan. All the indexed peaks correspond to Cu 
and O. In the survey, the spectrum shows Cu photoelectron 
peaks (Cu 3s, Cu 2p, Cu 3p) and O peaks (O 1s). The high 
resolution XPS spectra of the Cu 2p are shown in Figure-4(b) 
with two peaks lie at 933.31 eV for Cu 2p3/2 and 953.11 eV for 
Cu 2p1/2. The binding energy gap between the Cu 2p3/2  and Cu 
2p1/2 is 19.90 eV, which agrees with the reference value of 20.0 
eV for copper oxide. In addition shake-up satellite peaks are 
observed at binding energies of 942.10 and 961.11 eV. The 
shake-up satellite peaks are might be due to an open 3d9 shell 
corresponding to the Cu+ state. Figure-4(c) shows the high-
resolution XPS spectra of O 1s core-level. The spectrum is 

broad and consists of two peaks, at the lower binding energy of 
528.63 eV which is in agreement with O2- in copper oxide while 
the other peak at a higher energy of 530.12 eV accredited to 
adsorbed oxygen on the surface of nanoparticles. 
 
Antioxidant Activity Result: The DPPH reagent used as 
control and it does not show any change of absorbance with 
time. In presence of CuO NPs, DPPH containing solution 
changed from deep violet to pale yellow. Figure-5 (a) shows a 
steady decrease in absorbance at 517 nm in DPPH with CuO 
NPs. As seen in Fig. 5 (a) the DPPH scavenging percentage of 
CuO NPs increase from 61.48 to 92.20% as time increase from 
30 to 60 min for 100 mg of CuO NPs. From Figure-5 (b) the SC 
50 value was determined graphically and was found to be 61.68 
mg. The observed antioxidant activity might be due to 
neutralization of free radical character of DPPH by the transfer 
of an electron. 

 

 
Figure-2 

(a) and (b) are the SEM image and EDX spectrum of synthesized CuO NPs respectively 

 

 
Figure-3 

HRTEM micrographs of synthesized nanoparticles: (a) CuO NPs (b) the corresponding SAED pattern 
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Figure-4 

XPS analysis of synthesized CuO NPs: (a) Survey scan, and high resolution scans of (b) Cu 2p and (c) O 1s 

 

 
Figure-5 

Antioxidant activity: (a) Time dependent free radical scavenging by CuO NPs (b) DPPH scavenging (%) at different of CuO 

NPs 

 

Conclusion 

In summary, we have studied the efficiency of electrochemical 
reduction method for long straw like copper oxide nanostructure 
synthesis and studied their antioxidant potential. The TEAB 
salts used as ligand played an important role on controlling the 
particle size and well dispersed morphology. The method offers 
several advantages such as excellent yields, simple and eco-
friendly synthetic route. In 1 h CuO NPs show 92.20% free 
radical scavenging activity which is relatively higher in 
comparison to other metal oxide nanoparticles reported in 
literature.  
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