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Abstract
Copper oxide (CuO) nanostructures are of particular interest because of their interesting properties and 
promising applications in batteries, super capacitors, solar cells, gas sensors, bio sensors, nano fluids and 
catalysis. In Recent past, more efforts have been received to design materials with different properties which 
is dependent on morphology.  In this work cupric oxide nano flakes were prepared by surfactant assistant 
wet chemical method. Samples were synthesized using ethylene glycol as the surfactant and by changing 
the concentration of ethylene glycol by 0 M, 0.05 M, 0.1 M, and 0.2 M.  X-Ray diffraction (XRD) analysis 
confirmed the crystalline nature of as synthesized materials. Crystallite size and crystallographic parameters 
were calculated. Flakes like morphology of materials were elucidated by Scanning Electron Microscope 
(SEM). Using Electrochemical Impedance spectroscopy, variation of real and imaginary part of impedance, 
electrical conductivity with frequency and temperature were also studied. It was observed that sample with 
0.1 M surfactant has high conductivity when compared to other samples. It was noted that the particle size 
and electrical properties of Copper oxide nano flakes were affected by concentration of the surfactant. The 
Conduction mechanism of Copper oxide is discussed on the basis of Correlated Barrier Hopping (CBH) 
model.
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INTRODUCTION 
Nano metal oxide semiconductors draws 

attention because of their unique physicochemical 
properties than bulk materials. The uniqueness 
of Copper oxide is its monoclinic unit cell and 
square planar co-ordination of copper with 
oxygen.  All the other metal monoxides like MnO, 
FeO, CoO and NiO have cubic rock salt structure 
and octahedral  coordination [1]. Copper oxide 
has promising applications in Li–ion batteries 
[2], photo catalyst [3], super capacitors [4], gas 
sensors [5], nano fluids [6], arsenic removal [7] 
etc. As of now, greater attention has been received 
to synthesize materials with different morphology 
since efficiency of the materials change with their 
morphology. Xiadu et al [2] discussed the variation 
of electrochemical properties between Copper 
oxide architecture and Copper oxide nano plates.  

Qingwei et al [3] proved that dandelion shaped 
Copper oxide having 56% efficiency in degradation 
of Rhodamine B whereas octahedron shape has 
only 46% efficiency. A number of  literatures 
discusses about synthesis of different morphology 
of Copper oxide like nano rods ,nano ribbons 
[8], nano plates [9], nanosheets [10], flower like 
[11] octahedran, sphere, strip, Dandellon [3], 
nanowires, nano belts [12] , nano cubes and leaf like 
[13] structures. Morphology can also be changed 
by changing pH, temperature, precursor materials, 
reaction conditions, preparation methods and 
surfactants.  In the present case, effort is taken 
to change the morphology of Copper oxide, by 
changing the concentration of surfactant. Our 
aim is to investigate the effect of Ethylene glycol 
(EG) as surfactant on the structural and electrical 
properties of Copper oxide nanoflakes. 
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EXPERIMENTAL
Cupric nitrate trihydrate [Cu(NO3)2·3H2O] 

(Himedia 99.5% purity), Ethylene glycol [CH2OH 
CH2OH] (Nice chemicals 99%) and sodium 
hydroxide pellets [NaOH] (Nice chemicals) are  
the chemicals used in this experiment. They 
were analytical reagent grade and used without 
further purification.  Cupric oxide was prepared by 
surfactant assistant wet chemical method. 0.1M of 
cupric nitrate solution and 0.2 M of NaOH solutions 
were made separately using deionized water. With 
the blue coloured cupric nitrate solution, ethylene 
glycol (EG) was added and allowed to stir for an 
hour. Freshly prepared sodium hydroxide solution 
was added drop by drop with continuous stirring 
until the solution pH reached to 11. Mean while 
blue precipitation was formed and it turned into 
black [14]. The precipitation was then washed 
several times by distilled water and ethanol using 
suction funnel. Washed samples were dried at 
room temperature for 24 hrs. Then it was kept in 
oven at 120° C for 10 hrs. 

Following the above procedure four samples 
were synthesized using different concentrations 
of surfactant (ethylene glycol). 0 M, 0.05 M, 0.1M 
and  0.2 M Ethylene glycol was added such that the 
molarity of surfactant is lower, equal and higher 
than the molarity of precursor salt. Four samples 
are named as EG (0), EG (0.05),   EG (0.1), EG (0.2). 

The XRD pattern was recorded by XPERT-PRO 
diffractometer using Cu-Kα radiation (λ=1.54 Ǻ) 
in order to confirm the crystalline nature and to 
determine the phase present in the prepared 
materials.  SEM analysis was carried out using 
scanning electron microscope Carl Zeiss EVO 18 
at 35 KX magnification.  The as prepared samples 
were made into pellets using hydraulic pellet 
press applying 7 Tons of pressure for one minute. 
Impedance was measured using biologic SP -300 
electrochemical workstation using stainless steel 
plates as electrodes. The measurement was taken 
in the frequency range from 1 Hz to 7 MHz and 
the temperature range from room temperature to 
80°C. 

RESULTS AND DISCUSSIONS
XRD analysis

Fig. 1 shows the XRD pattern of the Copper 
oxide nano flakes. The formation of crystalline 
Copper oxide nano structures was confirmed by 
the XRD pattern. The crystallite sizes have been 
calculated for highest four peaks of all the samples 

using Debye–Scherrer’s equation
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Where K is constant (shape factor, about 0.89), λ 
is x-ray wavelength used (1.54 Å), β is full width 
at half maximum (FWHM).  Average crystallite 
size calculated were 21, 23, 25 and 16 nm for EG 
(0), EG (0.05), EG (0.1) and EG (0.2) respectively. 
Particle size of the Samples using 0 M, 0.05 M 
and 0.1 M of surfactant is more or less same but 
Sample synthesized using highest concentration of 
surfactant yields smallest crystallite size. It shows 
that appropriate amount of surfactant only can 
reduce the particle size. It is observed that all the 
peaks in the XRD patterns are consistent with the 
JCPDS data (80-1916) of the Copper oxide. All the 
diffraction peaks can be indexed to the monoclinic 
phase of Copper oxide with lattice parameters 
a=4.6830 Å, b=3.428 Å,   c=5.1290, β=99.42, 
space group Cc (9). No other impurity peaks were 
identified. 

SEM analysis
Fig. 2 shows the SEM images of ((a) EG (0), (b) 

EG (0.05), (c) EG (0.1), (d) EG (0.2)) Copper oxide 
nano flakes.  SEM images show all the samples 
have flakes like morphology. Addition of EG did 
not affect the morphology.  This is may be due to 
the loss of structure directing properties of EG in 
the high alkaline (pH=11) solution [16].  But size 
affected by the surfactant is shown by Fig. 2(d) 
which shows small size flakes than other samples. 
Crystallite size calculated from XRD analysis also 
confirmed this.

Impedance spectroscopy analysis
Fig. 3 shows the variation of real part of 

impedance to imaginary part of impedance 
(Nyquist plot) for the samples (a) EG (0), (b) EG 
(0.05), (c) EG (0.1) and (d) EG (0.2). Fig. 3 reveals 
that Nyquist plot of all the samples show a 
depressed semicircle pattern without any spike, 
which follows the equivalent circuit of parallel 
combination of a resistance and a capacitance [17]. 
This itself indicates conductivity predominated 
by electrons than the ions. Nyquist plot inferred 
that impedance decreases with increase of 
temperature which shows the materials having the 
behavior of negative temperature coefficient of 
resistance (NTCR) like semiconductors [18].  Bulk 
resistances and the dc conductivity of the samples 
were extracted by fitting the Nyquist plot using 
z-fit software. DC conductivities of all the samples 



218

S. Muthurani et al.

Int. J. Nano Dimens., 8 (3): 216-223, Summer 2017

at different temperatures have been tabulated in 
Table 1.

Table 1 infers that EG (0.2) which has smallest 
particle size has lowest electrical conductivity. 
EG (0.1) which has highest particle size has 
highest conductivity. It may be due to quantum 
confinement effect.

Fig. 4 shows the temperature and frequency 
dependent conductivity of the samples EG 
(0) and EG (0.1). The Figure indicates that the 
conductivity variation shows similar trend for all 
the temperature. It has two regions such that 
low frequency plateau region and high frequency 
dispersion region. In plateau region applied field 
frequency is lower than the hopping frequency 
(frequency at which change in slope of the pattern 
occurs is known as hopping frequency).  At low 

frequency region, a conductance spectrum is 
almost independent of frequency. This is because 
the occurrence of random hopping of charge 
carriers. When the applied AC frequency higher 
than hopping frequency conductivity increase 
notably [19]. As the frequency increases the 
localized states also (defects) increase, which 
cause the increase of conductivity at higher 
frequency. This indicates Conductivity originates 
from hopping of charge carriers between two 
sites [20]. At high frequency, conductance 
spectra merge together and show temperature 
independent nature of conductivity.

Total conductivity due to hopping mechanism is 
governed by johnschrs power law [21]              
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Fig. 1: XRD patterns of the CuO nano flakes EG (0), EG (0.05), EG (0.1), EG (0.2).

 

 

 

 

Fig. 1: XRD patterns of the CuO nano flakes EG (0), EG (0.05), EG (0.1), EG (0.2). 

  

Fig. 2: SEM images of CuO nanoflakes (a) EG(0), (b) EG (0.05), (c) EG (0.1), (d) EG (0.2).

 

 

Fig. 2: SEM images of  CuO nanoflakes (a) EG(0), (b) EG (0.05), (c) EG (0.1), (d) EG (0.2). 
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Fig. 3: Nyquist plot for CuO nano flakes (a) EG (0), (b) EG(0.05), (c) EG (0.1), (d) (EG (0.2).

 

 

 

 

Fig. 3:  Nyquist plot for CuO nano flakes (a) EG (0), (b) EG(0.05), (c) EG (0.1), (d) (EG (0.2). 

 

  

Table 1: DC Conductivity of CuO nanoflakes EG(0), EG(0.05), EG (0.1), (EG (0.2) for various temperatures.

1 
 

 

Table 1: DC Conductivity of CuO nanoflakes EG (0), EG(0.05),  EG (0.1),  (EG (0.2) for various temperatures 

 

 
Temperature in °C 

Conductivity in S/Cm 

EG(0) EG (0.05) EG(0.1) EG(0.2) 

33 3.40 E-07 1.49 E-07 6.08E-07 0.937E-07 

40 4.75E-07 2.82 E-07 9.23 E-07 1.44E-07 

50 9.84 E-07 6.87 E-07 1.724E-06 3.27E-07 

60 2.56 E-06 1.09E-06 3.10E-06 5.48E-07 

70 3.65 E-06 1.43 E-06 7.70E-06 8.28E-07 

80 5.52 E-06 3.07 E-06 1.52E-05 1.22E-06 

Fig. 4: Variation of a.c conductivity with frequency and for CuO nanoflakes EG (0) and EG (0.1).

 

 

 

Fig. 4:  Variation of a.c conductivity with frequency and for CuO nanoflakes EG (0) and EG (0.1) 
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A is temperature dependent constant. S is 
frequency exponent. The magnitude of S and 
its dependence of temperature tell about the 
conduction mechanism involved in the concerned 
material. To find the conduction mechanism 
involved in the present case, S value has been 
evaluated for various temperature by fitting 
equation 1to the experimental data of EG (0) and 
EG (0.1).  In Fig. 4, symbol shows the experimental 
data of conductivity and the line indicates 
allometric fit of the data for the samples      EG (0) 
and EG (0.1).

Fig. 5 shows the variation of S values with 
temperature which inferred that the frequency 
exponent values are dependent on temperature. 
This strongly suggests that conductivity 
mechanism follows the Correlated Barrier Hopping 
(CBH) model [22]. This model deals with hopping 

of carriers between two sites over a barrier rather 
than tunneling and the distance between two sites 
is considered as a barrier height [23].  In addition 
to the conduction mechanism model, S value also 
tells about the degree of order of the system. If S 
< 1, the system is said to be order one. Increasing 
value of S more than unity indicates the increase 
of disorder of the system [24].  In the present case 
S > 1 for EG (0) and S < 1 for   EG (0.1) indicates 
that adding of 0.1M of EG increases the order of 
the system.  This may be due to templating effect 
of EG (0.1). Fig. 6 shows Arrhenius plot i.e the 
variation of dc conductivity with temperature. 
Arrhenius plot depicts that the dc conductivity 
of the Copper oxide nano flakes increases with 
temperature which tells the electrical conduction 
in this process is thermally activated. The variation 
is linear with temperature and so obeying 

Fig.5: Variation of frequency exponent with temperature for CuO nanoflakes EG (0) and EG (0.1).

 

 

 

Fig.5: Variation of frequency exponent with temperature for CuO nanoflakes EG (0) and EG (0.1) 

 

  

 

 

Fig. 6: Arrhenius plot of dc conductivity for CuO  nanoleaves  EG (0), EG(0.05),  EG (0.1),  (EG (0.2). 

 

  

Fig. 6: Arrhenius plot of dc conductivity for CuO nanoleaves EG (0), EG(0.05), EG (0.1), (EG (0.2).
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Fig. 7: Plot of real part of impedance vs frequency for(a) EG (0),(b) EG (0.05), (c)EG (0.1), (d)EG (0.2).

 

 

 

Fig. 7: Plot of real part of impedance vs frequency for(a) EG (0),(b) EG (0.05), (c)EG (0.1), (d)EG (0.2) 

  

Arrhenius relation 
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 [24] where the 
symbols follow the usual meaning.  The activation 
energy calculated for the samples were 0.59, 0.57, 
0.63, 0.51 for EG (0), EG (0.05), EG (0.1), and EG 
(0.2) respectively.

Fig. 7 shows the variation of real part of 
impedance with temperature for (a) EG (0), (b) 
EG (0.05), (c) EG (0.1) and (d) EG (0.2). For all 
the samples the variation of Z’ follow the similar 
pattern. Z’ value decreases with increasing 
frequency and temperature. At high frequency 
Z’ values merge together and show temperature 
independent nature. This is due to release of 
space charge as a result of reduction of the 
barrier properties of the materials with rising of 
temperature [25]. The change over frequency (at 
which the spectra changes it state from frequency 
independent nature to frequency dependent 
nature) is increased with increase of temperature.

Fig. 8(a and b) shows the variation of Z″ with 
frequency of all the samples at room temperature 
and 80°C respectively. Fig. 8(c and d) shows 
the variation of Z″ with frequency at various 

temperature for the samples EG (0) and EG(0.1) 
respectively. The variation of Z″ with frequency 
showed a peak with characteristic frequency 
maxima (ωmax) which depends on temperature. So 
that the relaxation presents in the Copper oxide 
nano flakes is a temperature dependent relaxation.  
The peaks appear when the hopping frequency of 
localized charge carriers becomes approximately 
equal to the applied electric field frequency. 

In Fig. 8(c and d), the peak position of Z″ shifts 
towards higher frequency side as the temperature 
increases. Because hopping frequency of charge 
carriers increase with temperature. Relaxation 
time (τ) was calculated for sample EG (0) and EG 
(0.1) using the relation 
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by fitting Z″ vs log ω plot using Lorentian fit. 
The magnitude of Z″ at ωmax decreases with the 
temperature indicating the presence of space 
charge polarization at low frequency which 
disappears at high frequency [26].  It is observed 
that relaxation time found from Z″ peak decreases 
with increase in temperature and it follows the 
Arrhenius relation. 
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Fig. 8: Plot of imaginary part of impedance with frequency for all samples at (a) 33°C (b) 80°C and at all temperatures for (c) EG (0)
and (d) EG (0.1).

 

 

 

Fig. 8: Plot of imaginary part of impedance  with frequency for all samples at (a) 33°C  (b) 80°C and at all 

temperatures for (c) EG (0)and   (d) EG (0.1) 

 

  

Fig. 9: Arrhenius plot of relaxation time for CuO nano flakes EG (0) and EG (0.1).

 

 

Fig. 9: Arrhenius plot of relaxation time for CuO  nano flakes EG (0) and  EG (0.1) 

 
Fig. 9 shows the Arrhenius relation between 

log ( and 1000/T for EG (0) and EG (0.1). Activation 
energies calculated from the Arrhenius plot was 0.59 
and 0.67 for EG (0) and EG (0.1) respectively within 

the fitting error. These values are matched to the 
activation energy calculated from dc conductivity, 
reveals that thermal energy given to the material is 
used for hopping of charge carriers only.
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CONCLUSIONS
Copper oxide nano flakes have been 

prepared using simple wet chemical method 
using ethylene glycol as surfactant with three 
different concentrations.   XRD results confirmed 
the crystalline nature of the materials and 
monoclinic structure of copper oxide. Crystallite 
sizes calculated were 21, 23, 25 and 16 nm for 
EG(0), EG(0.05), EG(0.1) and EG(0.2) respectively.  
Higher ratio of EG only reduces the particle size 
for the present experimental conditions. SEM 
images elucidated the nano flakes morphology of 
synthesized cupric oxide materials. Structural and 
electrical properties of the materials met effective 
changes due to the change of the concentration of 
Ethylene glycol have been discussed. Impedance 
studies showed that, Copper oxide which was 
prepared by adding equal molarity of ethylene 
glycol with the cupric nitrate (EG (0.1)) enhances 
the electrical conductivity properties . Conduction 
mechanism of the Copper oxide nano flakes has 
been discussed.
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