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Abstract- In this research, the synthesis of copper oxide nanoparticles was performed using 
Cu(acac)2 precursor. Copper oxide nanoparticles were synthesized by combustion method. 
Identification of synthesized nanomaterials was performed using PXRD (powder X-ray 
diffraction) technique. The physical properties of synthesized materials were also evaluated 
using UV-Vis (ultraviolet-Visible), FT-IR analyzes. It also examined the size and 
morphology of the materials through the FESEM (scanning electron microscopy field) and 
TEM (transient electron microscopy). The energy band gap of nanomaterials was studied, 
with an optical band gap of about 4.58 eV. An electrochemical sensor was developed using 
nanoparticles that the sensor is capable of bisphenol A breaks down. The results of this sensor 
seem to be desirable and suggest that the oxidation peak potential of the bisphenol A at a 
surface of CuO nanoparticle modified carbon paste electrode (CuO/NPs/MCPE) appeared at 
450 mV that was about 60 mV lower than the oxidation peak potential at the surface of the 
carbon paste electrode (CPE). At a best condition in voltammetric analysis, the oxidation 
peak current of bisphenol A showed linear dynamic range (in 0.1–400 μM) with a detection 
limit of 0.067 μM, using square wave voltammetry (SWV) method. The CuO/NPs/MCPE 
was successfully applied for the analysis of bisphenol A in food samples.       

Keywords- Combustion method, CuO nanoparticles, Sensor, Bisphenol A analysis, Modified 
electrode  
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1. INTRODUCTION  

Cupric Oxide is one of the most important oxide compounds of copper. Copper oxide-

nanostructured materials such as: nanorods [1], nanowires [2] and nanobelts [3], have 

attracted considerable attention due to their fundamental importance and potential application 

in future [4]. CuO is a well-known material of p-type semiconductor [5]. The other 

applications of copper oxide nanoparticles are magnetic storage media [6], antibacterial 

activity [7], and Catalyst that high physical and chemical stability of metal oxide 

nanoparticles rendering them extremely useful in catalytic applications [8]. There have been 

various methods to prepare ultrafine CuO, such as sol-gel [9], solid-state reaction [10], 

plasma evaporation [11], and chemical vapor deposition [12] etc.  

Bisphenol A is an industrial chemical that has been used to make certain plastics and 

resins since the 1960 s. Some recent publications have shown that bisphenol A can seep into 

food or beverages from containers that are made with bisphenol A [13]. Soto and 

Sonnenschein reported that bisphenol A can be increase cancer risk [14]. Several analytical 

methods were suggested for determination of bisphenol A in food samples such as high 

performance liquid chromatography [15], gas chromatography [16] and electrochemical 

methods [13,17]. Electrochemical methods have more attention compare to other analytical 

methods for determination of electro-active materials such as bisphenol A due to high 

sensitivity, low cost and good selectivity [18-25]. On the other hand, electro-oxidation of 

bisphenol A at a surface of bare electrode has a high overvoltage [13]. Therefore, 

modification of electrodes for trace level analysis of this compound is necessary. Metal based 

nanomaterials with high surface are and good electrical conductivity are suitable choice for 

modification of bare electrode [26-31]. Previous published papers suggested CuO 

nanoparticle as a good mediator for increasing electrical conductivity of voltammetric sensors 

[32,33]. 

According to the above points, we have reported the new method for the synthesis of CuO 

nanomaterials by a combustion reaction in the temperatures of 500 °C (S1) and 1000 °C (S2) 

using Cu(acac)2 as raw material for the first time. In continuous, we describe preparation of 

CuO/NPs/MCPE sensor and investigate its performance for the electro-oxidation 

determination of bisphenol A in aqueous solutions. We also evaluate the analytical 

performance of CuO/NPs/MCPE for determination of bisphenol A in real samples.   

 

2. EXPERIMENTAL  

2.1. General remark 

All chemicals were analytical grade, obtained from commercial sources, and used without 

further purifications. Phase identifications were performed on a powder X-ray diffractometer 

D5000 (Siemens AG, Munich, Germany) using CuKα source. The morphologies of the 



Anal. Bioanal. Electrochem., Vol. 10, No. 7, 2018, 930-942                                                 932 
 

obtained materials were examined with a field emission scanning electron microscope 

(Hitachi FESEM model S-4160. CuO particles were dispersed in water and cast onto a copper 

grid to study the sizes and morphology of the particles by TEM (Transmission Electron 

Microscopy) using a Philips-CM300-150 KV microscope. Absorption spectra were recorded 

on an Analytik Jena Specord 40 (Analytik Jena AG Analytical Instrumentation, Jena, 

Germany). Voltammetric investigation was performed in an electroanalytical system, μ-

Autolab PGSTAT 12, potentiostat/galvanostat connected to a three-electrode cell, Metrohm 

Model 663 VA stand linked with a computer (Pentium IV) and with Autolab software. The 

system was run on a PC using GPES software 

 

2.2. Synthesis of complexes [Cu(acac)2] 

In a typical experiment, a homogeneous solution mixture of 0.75 mL of acetyl acetone in 

3 mL of methanol was added drop wise over a period of 20 min to the solution of 0.6 g 

copper chloride dehydrate (CuCl2.2H2O) in 4 mL of while stirring. Then, a 4 M of sodium 

acetate solution was added to the resulting mixture slowly, over a period of 5 min. The 

mixture was heated to 80 °C in a hot water bath for 15 min, while rapid stirring. Afterwards, 

the solution was cooled to room temperature normally and then placed in an ice water bath. A 

blue-gray product was filtered and washed by approximately 5 mL of cold distilled water and 

vacuum dried for15 min. Yield: 85%. FT-IR: ѵmax cm-1 (KBr): 1576 (ʋC=O), 1530 (ʋC=C), 

689 (ʋCu-O).  

 

2.3. Synthesis of CuO nanoparticles 

To synthesize sample S1, certain amount of the Cu(acac)2 was transferred into a crucible. 

Then the crucible was placed in a preheated oven at 500 °C and annealed for 3 h. After 

completing the reaction, the crucible was cooled normally to room temperature. In the next 

step, the reaction product was calcinated at 1000 °C for 3 h, and then cooled normally to 

room temperature. 

To synthesize sample S2, certain amount of Cu(acac)2 was added into a crucible, then the 

crucible was transferred into a preheated oven at 1000 °C and was calcinated for 3 h. At the 

end, the final product was cooled normally to room temperature and a red colored powder 

was obtained.  

 

2.4. Preparation of modified electrode 

CuO/NPs/MCPE was prepared by mixing 0.1 g of CuO/NPs (S1) and 0.9 g of pure 

graphite powder and with 15 drop of paraffin oil. Then the mixture was mixed well for 40 

min until a uniformly wetted paste was obtained. A portion of the paste was filled firmly into 

one glass tube as described above to prepare CuO/NPs/MCPE.  
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2.5. Real sample preparation 

Eleven cans of each group of foods, totally 44 samples all bearing the same batch number 

and near their expiration date, were purchased from retail outlets in Isfahan. The distribution 

of types of samples tested in this survey was similar across Iran. Purchasing of the samples 

was carried out in August 2016. After opening the cans, the total contents of each can were 

homogenized and an aliquot was taken for analysis. The remaining contents of each can were 

then frozen and stored in a freezer at 4 °C. 

 

3. RESULT AND DISCUSSION 

3.1. Characterization of CuO nanoparticles 

The X-ray diffraction patterns of the CuO nanomaterials are shown in Figures 1 a (S1) 

and b (S2). The XRD patterns showed that the synthesized nanomaterials were in a 

monoclinic crystal structure, with space group of C2/c. The lattice parameters were found as 

a= 4.685 ˚A, b=3.423 ˚A and c=5.132 ˚A with 90° and  99.52° (JCPDS 41-

0254).  

 

 
 

Fig. 1.  PXRD patterns of (a) S1 and (b) S2 
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Figures 2 and 3 show the FESEM images of S1 and S2, respectively. Figure 2 and shows 

that the morphology of the synthesized nanomaterial is in spherical. For showing the exact 

diameter of these particles, we used TEM analysis. 

   

 
 

Fig. 2. FESEM images of sample S1 

 

 
 

Fig. 3. FESEM images of S2 

 

For more investigation on S2 we used TEM analysis which is shown in Figure 4. This 

Figure shows that the morphology is sphere like particles. For obtaining the average particle 

size of S2, the particle size distribution analysis of S2 is shown in Figure 5. This plot shows 

that the average particle size of S2 is about 55 nm. 

 

 
 

Fig. 4. TEM images of sample S2 
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Fig. 5.  Particle size distribution profile for S2 

 

UV–Vis absorption spectrum of S2 is shown in Figure 6a. The optical band gap is also 

shown in Figure 6b. The pure CuO nanomaterial displays a typical visible absorption edge at 

about 275 nm. According to the results of Pascual et al. [34], the relation between the 

absorption coefficient and incident photon energy can be written as (αhν)2=A (hν - Eg), 

where A and Eg are constant and direct band gap energy, respectively. Band gap energy was 

evaluated by extrapolating the linear part of the curve to the energy axis. It was found that the 

band gap was 4.85 eV. 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Plots of (a) UV-Vis absorption spectrum and (b) (αhν)2 versus hv for S2 

 

3.2. Electrochemical investigation 

The microscopic areas were calculated from the slope of the Ip–ν
1/2 relation (in the 

presence of K4Fe(CN)6 as 1.0 mmol L–1, 0.10 mol L–1 KCl electrolyte). The active areas of 

the CuO/NPs/MCPE and CPE are estimated according to the Randles–Sevcik equation:  
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ip = 2.69×105 n3/2AD1/2υ1/2C                                                                                                   (1) 

It is 0.284 cm2 for the CPE and 0.32 cm2 for the CuO/NPs/MCPE. According to the 

previous published paper [13], the electro-oxidation signal of bisphenol A is dependent of pH 

value. The linear sweep voltammetric response of bisphenol A at a CuO/NPs/MCPE was 

recorded in solutions with varying pH (Figure 7 insert).  

 
 

Fig. 7. Potential–pH curve for electrooxidation of 400 μM bisphenol A at CuO/NPs/MCPE 

with a scan rate of 50 mV s−1. Inset: influence of pH on linear sweep voltammograms of 

bisphenol A at a surface of the CuO/NPs/MCPE, (pH 4–9, respectively) 

 

As can be seen in figure 7 insert, the maximum electro-oxidation signal obtained at a 

pH=7.0 that was chosen as the best experimental condition. As can be seen in Figure 6, a 

slope of 67.7 mV/pH was founded from the relationship between the Epa for electrooxidation 

of bisphenol A and pH that suggested the number of electron transfer is equal to the proton 

number. 

Figure 8 inset shows the current density derived from the linear sweep voltammograms of 

100 μM bisphenol A at the surface of CuO/NPs/MCPE and CPE with a scan rate of 50 mV 

s−1. The results show that the presence of CuO/NPs causes the increase of the electrode 

conductivity. The direct electrochemistry of bisphenpol A on the CuO/NPs/MCPE was 

investigated by linear sweep voltammetry. Figure 8 shows linear sweep voltammograms of 

100 μM bisphenol A at the surface of CuO/NPs/MCPE. 
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Fig. 8. Linear sweep voltammograms of a) CuO/NPs/MCPE and b) CPE in the presence of 

100 μM bisphenol A at pH 7.0, respectively. Inset: the current density derived from linear 

sweep voltammograms responses of 100 μM bisphenol A at pH 7.0 at the surface of different 

electrodes 

 

CuO/NPs/MCPE exhibited significant oxidation peak current around 450 mV with the 

peak current of 11.8 μA (Figure 8, curve a).   

 

 
 

Fig. 9. Plot of Ipa versus ν1/2 for the oxidation of bisphenol A at CuO/NPs/MCPE. Inset shows 

linear sweep voltammograms of bisphenol A at CuO/NPs/MCPE at different scan rates (from 

inner to outer) of 50, 100, 150 and 200 mV s−1 in 0.1 M phosphate buffer, pH 7.0 
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In contrast, low redox activity peak was observed at CPE (Figure 8, curve b) over the 

same condition. The bisphenol A oxidation peak potential at CPE observed around 510 mV 

with the oxidation peak current of 6.21 μA. A substantial negative shift of the currents 

starting from oxidation potential for bisphenol A and dramatic increase of current of 

bisphenol A indicated the catalytic ability of CuO/NPs/MCPE to bisphenol A oxidation.  

The effect of scan rate (υ) on the oxidation current of bisphenol A was also examined 

(Figure 9 inset). The results showed that the peaks current increased linearly with increasing 

the square root of scan rate that ranged from 50 to 200 mV s–1. The result shows that the 

electrode process is controlled under the diffusion step [35-38].  

To obtain further information on the rate determining step, a Tafel plot was developed for 

the bisphenol A at a surface of CuO/NPs/MCPE using the data derived from the raising part 

of the current–voltage curve (Fig. 10). The slope of the Tafel plot is equal to n(1−α)F/2.3RT 

which comes up to 0.2983 V decade−1. We obtained α as 0.9.          

Chronoamperometric measurements of bisphenol A at CuO/NPs/MCPE were carried out 

by setting the working electrode potential at 600 mV for the various concentration of 

bisphenol A in buffered aqueous solutions (pH 7.0) (Fig. 11A). Experimental plots of I vs. t-

1/2 were employed, with the best fits for different concentrations of bisphenol A (Fig. 11B).  

 

 
 

Fig. 10. Tafel plot for CuO/NPs/MCPE in 0.1 M PBS (pH 7.0) with a scan rate of 50 mV s−1 

in the presence of bisphenol A 

 

The slopes of the resulting straight lines were then plotted vs. bisphenol A concentration. 

From the resulting slope and Cottrell equation the mean value of the diffusion coefficient (D) 

was found to be 8.25×10−6 cm2/s.  
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Fig. 11. A) Chronoamperograms obtained at CuO/NPs/MCPE in the presence of a) 0.6; b) 

0.7; and c) 0.9 mM bisphenol A in the buffer solution (pH 7.0). B) Cottrell's plot for the data 

from the chronoamperograms 

 

Square wave voltammetry (SWV) was used to determine bisphenol A concentrations 

(Fig. 12 insert). The SW voltammograms clearly show that the plot of peak current vs. 

bisphenol A concentration is linear for 0.1–400 µM of CPZ (Fig. 12). The detection limit was 

0.067 µM bisphenol A according to the definition of YLOD=YB +3σ. 

    

 
 

Fig. 12. A) The plots of the electrocatalytic peak current as a function of bisphenol A 

concentration; B) SWVs of CuO/NPs/MCPE in 0.1 M PBS (pH 7.0) containing different 

concentrations of bisphenol A in µM. (from inner to outer) 0.1; 1.0; 20.0; 70.0; 100.0; 150.0; 

250.0; 300.0; 350.0 and 400.0, respectively 
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The influence of various substances as potentially interfering compounds with the 

determination of bisphenol A was studied under the optimum conditions 25.0 µM bisphenol 

A at pH 7.0. The tolerance limit was defined as the maximum concentration of the interfering 

substance that caused an error less than ±5% for the determination of bisphenol A. The 

results are shown in Table 1. Those results confirm the suitable selectivity of the proposed 

method for determination of bisphenol A.     

To evaluate the applicability of the CuO/NPs/MCPE for the food applications, the 

CuO/NPs/MCPE was employed for the analysis of bisphenol A in stew, corn and tomato 

paste. Standard addition method was used for measuring bisphenol A concentration in the 

real samples and the obtained data compare to with a HPLC method too. The results are 

given in Table 2, confirm that the CuO/NPs/MCPE retained its efficiency for the 

determination of bisphenol A in real samples.                  

 

Table 1. Interference study for the determination of 25.0 µM bisphenol A under the 

optimized conditions 

 

Selected compounds for interference study Tolerante limits 

(WSubstance/WBisphenol A ) 

Glucose , Ascorbic Acid*, Br−, K+, Li+, Cl−, Ca2+, Mg2+, SO4 
2− 1000 

Valine, Methionine,  Alanine , Glycine 500 

Starch Saturation 
     * After addition 1.0 mM ascorbic acid oxidase to cell 

 

Table 2. Determination of bisphenol A in food samples 

 

Samples Founded (μM) HPLC method (μM) [39] Fex Ftab tex ttab 

Stew 

 

5.87±0.54 6.01±0.78 10.1 19.0 2.9 3.8 

Corn 

 

3.37±0.44 3.78±0.63 9.5 19.0 2.2 3.8 

Tomato Paste 

 

1.83±0.35 2.03±0.48 6.4 19.0 1.9 3.8 

 Fex, calculated F value; Ftab, reported F value from the F test table with 95% confidence level and 2/2 
degrees of freedom; tex, calculated t value; ttab, reported t value from the Student’s t test table with 98% 
confidence level. 

 

4. CONSLUSION 

A new method was used for synthesis of CuO/NPs and the synthesized nanoparticles 

were characterized with different methods. CuO/NPs were used for fabrication of a new 
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electrochemical sensor on bisphenol A analysis. The CuO/NPs/MCPE showed good 

improvement to the electrode process of bisphenol A compare to the CPE. Under the best 

analytical condition in voltammetris determination, the oxidation peak current was 

proportional to the bisphenol A concentration in the range of 0.1–400 μM with the detection 

limit of 0.067 μM. Finally, the propose sensor was successfully used for the determination of 

bisphenol A in real samples. 
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