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Copper Metal at New CuO Nanoparticles Modified 
Carbonpaste Electrode: Selective Voltammetric 
Determination

Abstract
                         

A new carbon paste electrode modified with CuO nanoparticles was prepared, and used to study 
the electro oxidation of copper ions in solution by cyclic voltammetry (CV) method. The modified 
electrode displayed strong resolving function for the overlapping voltammetric response of copper 
into one well-defined peak. The potential difference between Epa and Epc was > 200 mV; this range 
referred to the quise-reversible mechanism. The kinetic of electrode was studied at the temperature 
range from 15 ~ 35 °C; the data of voltamograms showed the increase of temperature caused increase 
of negative shift, which suggested the diffusion electron transfer in the redox process of copper 
oxidation. Diffusion coefficient was calculated from the Randles-Sevcik equation and was equal to 
71.8 × 10-4; the rate constant K was equal to 8.8 × 10-7; the peak current of copper increased linearly 
with its concentration at the range of 0.2 ~ 2.0 ppm.
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Introduction 

Drug analysis plays an important role in drug 
quality control, and has great impact on public health. 
Therefore, a simple, sensitive and accurate method for 
the determination of active ingredient is a crucial step 
[1].

Copper is an essential trace element that is vital 
to the health of all living beings (humans, plants, 
animals and microorganisms). In humans, copper 
is essential for the proper functioning of organs and 
metabolic processes. The human body has complex 
homeostatic mechanisms which attempt to ensure a 

constant supply of available copper, while eliminating 
excess copper whenever it occurs. However, like 
all essential elements and nutrients, too much or 
too little nutritional ingestion of copper can result 
in corresponding conditions of copper excess or 
deficiency in the body, each of which has its own 
unique set of adverse health effects. Copper deficiency 
and toxicity can be either of genetic or non-genetic 
origin [2]. Copper is found in cells throughout the 
body; it helps our bodies make red blood cells and 
keeps nerve cells and our immune systems healthy. 
It also helps to form collagen, a key part of bones 
and connective tissues. Copper may also act as an 
antioxidant, reducing free radicals that can damage 
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cells and DNA. Copper helps the body absorb irons. 
Our bodies need copper to make energy [3]. Thus, a 
quantitative determination of copper concentration is 
significant for developing immune physiological and 
pharmacological research and life sciences. There 
are some methods applied to the determination of 
copper, such as flow injection [4], fluorimetry [5] and 
spectrophotometry method [6]. As an electro active 
device, it can also be studied via electrochemical 
techniques. Some reports showed the electrochemical 
response of copper on copper oxide nanoparticle 
carbon paste electrode [7-8]. The electrochemical 
methods using chemically modified electrode have 
been widely used in sensitive and selective analytical 
methods for the detection of the trace amounts of 
biologically important compounds [9-11]. Electrode 
surface can be modified with metal nanoparticles and 
such surfaces have found numerous applications in the 
field of bio electrochemistry, particularly in biosensors. 
It has also been observed that nanoparticles can act as 
conduction centers facilitating the transfer of electrons. 
In addition, they provide large catalytic surface 
area. Many kinds of nanoparticles, including metal 
nanoparticles, oxide nanoparticles, semiconductor 
nanoparticles and composite nanoparticles have been 
widely used in electrochemical sensors and bio sensors 
[12-14]. Copper is electro active component that can 
be determined electrochemically [15]. However, it 
is very difficult to distinguish their response signal 
at bare electrodes because of their similar potential 
and interference from each other. Therefore, it is very 
important to develop a modified electrode to resolve 
their voltammetric response from each other. To the 
best of our knowledge, no study has been reported so 
far on the simultaneous determination of copper by 
using the carbon paste electrode modified with the CuO 
nanoparticles. In this study, we report the preparation 
and application of a carbon paste electrode modified 
with CuO nanoparticles for the determination of copper 
ion without any addition modification such as addition 
of electron transfer mediator or specific reagent for the 
first time [16].

Experimental
Apparatus and chemicals

The  e l ec t rochemica l  meas u remen t s  w e re 
performed with an auto lab potentiostat (Digi-
ivy 2113 Texas, USA) controlled by the general 
purpose electrochemical system software. The CuO 
nanoparticle carbon paste electrode was used as the 

working electrode. A calomel electrode and a platinum 
(Pt) wire were employed as the reference electrode and 
counter electrode, respectively, and all potentials were 
reported with respect to the former. A metrohm pH/
ion meter was used for pH measurements. All solution 
were freshly prepared with doubly-distilled water 
(conductivity of water was 0.055 µS/cm). All reagents 
were of analytical grade from Merck. Graphite powder 
and paraffin oil (density 350, 0.88 g/cm3) were both 
from Merck, used as received. High dilution acid-base 
was in the pH range of 2.0 ~ 8.0. All solutions were 
deoxygenated with pure nitrogen gas for about 20 min 
prior to each electrochemical experiment [17].

Preparation of CuO nanoparticle by hydro-
thermal method  

C u O  n a n o p a r t i c l e s  w e r e  s y n t h e s i z e d  b y 
hydrothermal method. Typically, 10 g of CuCl2 was 
dissolved in 200 mL of distilled water, and then a 
solution containing 8 g of NaOH was slowly added 
with stirring. After 8 h, a dark brown precipitate was 
obtained. The resulting precipitate was washed with 
distilled water and dissolved again in water to get 
solution A, which was mixed with 50 mL of poly vinyl 
Polyline  (PVP) solution B (13 g of PVP dissolved 
in water) solution during a continuous stirring to get 
a homogeneous solution. The homogeneous solution 
was transferred into autoclave and heated at 160 °C 
for 8 h. Then, CuO powder was obtained and dried at 
100 °C after it had been washed with distilled water. 
The morphology of the synthesized CuO nanoparticle 
sample was studied by scanning electron microscopy 
(SEM) by using SEM Inspect S50 (Fig. 1). The SEM 
image showed the agglomerated CuO nanoparticles 
had an average size of less than 350 nm [18].  

Fig. 1  Scanning electron microscopy (SEM) image of CuO 
nanoparticles.
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Preparation of the electrode 

The CuO modified carbon paste electrodes were 
prepared by mixing 0.05 g of CuO nanoparticles, 0.7 
g graphite powder and 0.4 mL of paraffin oil with a 
mortar and pestle until a uniform paste was obtained. 
The paste was packed into the end of a glass tube 
(diameter 0.44 mm length and 10 cm long). The 
electrical contact was provided by inserting a copper 
wire into the carbon paste. Prior to the experiment, 
the surface of the carbon paste was polished with 
fine paper. The unmodified carbon paste electrode 
was prepared in the same way without adding CuO 
nanoparticles to the paste.

Results and Discussion 
Cyclic voltammetry study of copper

Fig. 2 depicts the cyclic voltammetric response 
for the electrochemical oxidation-reduction of 0.1 M 
CuSO4 at CuO nanoparticle carbon paste electrode 
(curve (b)). The anodic peak potential for the oxidation 
of Cu2+ was about −0.615 V, and the reduction peak 
was about 1.110 V, but no peak appeared on the carbon 
paste electrode (curve (a)). In other words, the result 
clearly indicated that the combination of graphite 
powder and CuO nanoparticle improved the copper 
oxidation signal.

The effect of scan rate on the electro-oxidation of 
copper at the CuO nanoparticle carbon paste electrode 
was investigated by cyclic voltammetry (CV) (Fig. 3 

and 4). A plot of peak current (Ip) versus the square 
root of scan rate (υ1/2), in the range of 0.01 ~ 5 V/s was 
non-linear with more negative shifts. It suggested that, 
at sufficient over potential, the process was diffusion 
rather than surface controlled [19].

Temperature dependence studies on the 
electro-oxidat ion of  CuO nanopart ic le 
electrode

A study of the electro-oxidation on electrodes 
has been investigated by CV, in the temperature 
range between 15 °C and 35 °C. The variation of the 
cyclicvoltammograme allowed the determination 
of activation energy in a wide interval of potentials 
where characteristic oxidation peaks appeared. 
Stationary current intensity measurements allowed 
the determination of the activation energy in pure 
kinetic region conditions. Temperature dependence 
of the charge-transfer resistance and the rate constant 
associated with the surface coverage by a diffusion 
intermediate during the electro-oxidation process 
were evaluated and discussed. It was suggested that 
a complex mechanism took place for the electro-
oxidation free of strong interactions with the CuO 
nanoparticle electrode surface [19-20]. 

The result suggested the working electrode tracked 
the clear signal, at 25 °C, by using Equation (1):

lnD = ln (D0−Ea/RT),	 (1)

where D is diffusion constant, D0 is standard diffusion 
constant, Ea is activated energy, R is universal gas 

Fig. 2  Cyclic voltammograms of (a) carbon passed electrode and (b) CuO nanoparticle carbon paste electrode and in 0.1 M CuSO4 
solution at the scan rate 0.1 V/s.
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constant, and T is temperature, respectively.

From the slope between lnD and 1/T (K) that is 
shown in Fig. 5, the free energy was calculated as 
Ea = −4.986 kJ/mol. The result suggested that the 
exothermic reaction accrued when potential was 
provided on the working electrode, also by using 
Equation (2):

∆G =−nFR(∆Ep),	 (2)

where ∆G is free energy, n is number of electrons, F is 
faraday constant,  R is universal gas constant, and ∆Ep 
is potential.

The free Gibbs energy was determined as of 49.69 
kJ/mol, which referred to the spontaneous reaction. 
From the last result, the constant of reaction Keq was 

calculated by using Nicholson equation:

K = K° exp(−∝F/RT)(E−E°),	 (3)

where K is reaction rate constant; K° standard reaction 
constant; −∝ is transition coefficient; F is faraday 
constant, R is universal gas constant; T is temperature, 
E is potential, and E° is standard potential. 

The rate constant equal to 8.8-10-7/s for the quasi-
reversible reaction of cyclic voltammetry referred to 
the first-order reaction. Table 1 shows all the kinetic 
and thermodynamic parameters. 
Calibration plots and determination of zinc at 
CuO nanoparticle carbon paste electrode 

CV was used to obtain the analytical features of the 
method such as linear ranges of the calibration plots, 

Fig. 4  Ip oxidation (Ipoxd) and ip redaction (Ipred) peaks versus υ1/2 for Cu2+.
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Fig. 3  Cyclic voltammogram of CuO nanoparticle electrode in the presence of 0.1 M of CuSO4 solution at different scan rates as of 
0.01, 0.05, 0.1, 0.5, 1 and 5 V/s, respectively.
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and to detect the limits for Cu2+.

The capability of separating the electrochemical 
response of Cu2+ by CuO nanoparticle modified 
electrode was studied. Therefore, CV was used for 
the simultaneous separation of species based on its 
superior elimination of the capacitive background 
current. Analytical experiments were carried out by 

varying concentrations of CuSO4 pure stock solution 
with pH = 7.0 by using CuO nanoparticle electrode. 
Fig. 6 and 7 show the calibration curve by CV obtained 
in 0.2 ~ 2 ppm. The response of the CuO nanoparticle 
to Cu2+ could be clearly seen. Table 2 and 3 show the 
results of stock solution and real sample of copper 
(Hasanl A-Z Vital, Germany) containing vitamins A, 

Fig. 5  Effect of temperature on the cyclic voltammogram of CuO nanoparticle electrode with different temperatures as of 15, 20. 25. 
30 and 35 °C, respectively. And the ln(D−1/T(K)) plot for the calculation of Ea energy for CuO nanoparticle electrode. D: Diffusion 
coefficient; T: Temperature; K: Rate constant; Ea: Activated energy.)
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Table 1 Kinetic and thermodynamic parameters of CuO nanoparticle electrodes
Type of electrode ∆E (kJ/mol) ∆H (kJ/mol) ∆G (kJ/mol) ∆S (J/mol) Keq (cm/s) D (× 10-4) α

CuO nanoelectrod -4.986 -67.3 49.69 166.5 8.8-10-7 71.8 0.35

Note: ∆E = activated energy; ∆H = enthalpy; ∆G = free energy; ∆S = entropy; Keq = rate constant; D = diffusion coefficient; α = transition coefficient.

Fig. 6  Voltammogram and calibration curve of CuSO4 solution by using CuO nanoparticle electrode.
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Table 3 Results determined for the stock solution by different methods

Theoretical value
 (ppm)RSD (%)Concentration determined

in stock solution (ppm)
Linear range of the

method (ppm)Analyte: Cu (mg)Method

10-3 ~ 10+3Cyclic voltammetry

0.594.00.470.5

1.592.61.391.5

2.095.51.912

0.08 – 5Colometry

0.584.00.420.5

1.591.31.371.5

2.094.51.892

0.1 -10+3Atomic radiation

0.594.00.470.5

1.592.01.381.5

2.095.01.902

Table 2 Results determined for the real sample of drug by different methods

Theoretical value
(ppm)RSD (%)Concentration determined

in real sample (ppm)
Linear range of the 

method (ppm)Analyte: Cu (mg)Method

10-3 ~ 10+3Cyclic voltammetry

0.558.00.290.5

1.573.31.101.5 

2.077.01.542   

0.8 ~ 50Colometry

0.520.00.10.5

1.560.00.91.5

2.060.01.22

0.1 ~ 10+3Atomic radiation

0.556.00.280.5

1.566.61.001.5

2.076.51.532

Fig. 7  Calibration curve of CuSO4 solution by using CuO nanoparticle electrode for CuSO4 stock solutions.
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D, C and E, steroid, folic acid, zinc, copper, iron and 
manganese with the percentage ratio as of 40, 20, 15, 
10, 5, 5 and 5% prepared by using Equation (4):

w.t = (ppm × M.wt of Zn/M.wt of drug)/(10-6 × V),	 (4)

where w.t refers to weight; ppm refers to concentration; 
M.wt refer to molecular weight; V refers to volume.

All results suggested that the CuO electrode was 
more sensitive, speedy, economical, clearer and 
safer than the colorimetric and atomic analyzer for 
determination of trace amount in drug component.

Conclusions

Nano copper oxide is a highly sensitive and 
selective vehicle that senses the small changes in the 
current passing through its solution when it becomes 
an electrode. Therefore, in this study, it was used to 
prepare the electrode and to study its physical and 
chemical properties and applied to measure the small 
concentrations of drugs containing copper, The results 
were highly accurate in standard solutions and in real 
sample when compared to common methods such as 
atomic analyzer and colorimetric  method.

Conflict of Interests

The authors declare that no competing interest 
exists. 

References 

[1]	 W.A. Banks, Cell-mediated immune response to human 
papillomavirus infection. Clin Diagn Lab Immunal, 2001, 
8: 209-220.

[2]	 M.A. Fotopoulou,  P.C.  Loannou,  Simultaneous 
determination of epinephrine, noradrenaline and dopamine 
in human serum samples by high performance liquid 
chromatography with chemiluminescence detection. 
Chinese Journal of Chemistry, 2002, 25: 942-946. 

[3]	 S.L. Wei, G.Q. Song, and J.M. Li, Sensitive determination 
of epinephrine in pharmaceutical preparation by flow 
injection coupled with chemiluminescence detection 
and mechanism study. The Journal of Biological and 
Chemical Luminescent, 2005, 9: 1098, 166. 

[4]	 J .X .  Du ,  L .H .  Shen ,  and  J .R .  Lu ,  Ce ty l t r ime 
thylammonium bromide-enhanced chemiluminescene 
determination of uric acid using a luminal-hexacyano 
ferrate (III) system. The Japan Society for Analytical 
Chemistry, 2003, 21: 183. 

[5]	 Z .  L i n ,  X .  Wu ,  X .  L i n ,  e t  a l . ,  E n d - c o l u m n 
chemiluminescence detection for pressurized capillary 
electrochromatographic analysis of norepinephrine and 
epinephrine. Journal of Chromatography, 2007, 12, (1-2): 

118-121.
[6]	 C. Canizares ,  L.  de Castro,  Using thermal  and 

spectroscopic data to investigate the thermal behavior of 
epinephrine. Elsevier Science, 2010, 499: 123-127. 

[7]	 M.H. Sorouraddin, J.L. Manzoori., E. Kargarzadeh, et 
al., Studies on oxidation of noradrenaline using CuPc as 
catalyst. Advanced Materials Research, 2012, 496: 419-
422. 

[8]	 Y. Su, J. Wang, and G. Chen, Talanta, Using thermal and 
spectroscopic data to investigate the thermal behavior of 
epinephrine. Elsevier, 2005, 65: 531-536.

[9]	 H. Beitollahi, M.M. Aedakani, B. Ganjipour, et al., 
Carbon nanotubes in electrochemical sensors. Biosens. 
Bioelectron, 2008, 24: 362.

[10]	 Z. Yang, G. Hu, X. Chen, et al., A review on the synthesis 
of TiO2 nanoparticles by solution route. Central European 
Journal of Chemistry, 2012, 54: 279-294.

[11]	 M. Mazloum-Ardakani, H. Beitollahi, M.A. Sheikh-
Mohseni, et al., Electropolymerization of bromothymol 
blue on carbon paste electrode bulk modified with 
oxidized multiwall carbon nanotubes and its application 
in amperometric sensing of epinephrine in pharmaceutical 
and biological samples. Elsevier, 2012, 732: 30-37.

[12]	 H. Yi, D. Zheng, C. Hu, et al., Functionalized multiwalled 
carbon nanotubes through in situ electropolymerization 
of brilliant cresyl blue for determination of epinephrine. 
Electroanalysis, 2008, 20: 1143.

[13]	 Y. Ishii, M. Iijima, T. Umemura, et al., J. pharm, 
Determination of nitrotyrosine and tyrosine by high-
performance liquid chromatography with tandem mass 
spectrometry and immunohistochemical analysis in livers 
of mice administered acetaminophen. Journal pharma 
Biomed, 2006. 41: 1325.

[14]	 J. Hanaee, Carbon film resistor electrode for amperometric 
determination of acetaminophen in pharmaceutical 
formulations. Journal of Pharmaceutical and Biomedical, 
2007, 43: 1622-1627.

[15]	 B.O. Regan, M. Gratzel, Synthesis and characterization of 
metal organic chemical vapour deposited copper titanium 
oxide (Cu-Ti-O) thin films from single solid source 
precursors. Journal of Modern Physics, 2013, 4: 12.

[16]	 A. Elkhidir, Y.W. Tang, X. Zhang, et al., Preparation of 
ZnO nanoparticles and nanosheets and their application 
to dye-sensitized solar cells. Solar Energy Materials and 
Solar Cells, 2007, 91: 1658-1660.

[17]	 X. Gao, X. Li, and W. Yu, Low temperature solution 
synthesis and characterization of ZnO nano-flowers. 
Materials Research Bulletin, 2007, 42: 1640-1648.

[18]	 J. Zhang, L.D. Sun, C.S. Liao, et al., Synthesis and 
characterization of MgF2 and KMgF3 nanorods. Journal 
of Solid State Chemistry, 2004, 177: 2205-2207.

[19]	 V. Pandey, S.K. Tripathia, A. Kumar, et al., Linear and 
nonlinear optical properties of GeSe2-xSnx (0 ≤ x ≤ 0.8) 
thin films for optoelectronic applications. Journal of 
Alloys and Compounds, 2017, 709: 640-645.

[20]	 R.L. Penn, J.F. Banfield, Preparation of ZnO nanoparticles 
and nanosheets and their application to dye-sensitized 
solar cells. Journal of Solid State Chemistry, 2007, 91: 
1685-1689.  

Copyright© Amer Mousa Jouda, Emad Salaam Abood, 
and Mothana Salih Mashloor. This is an open-access article 
distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and 
source are credited.


