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Development of nanomaterials for efficiently detecting 

pharmaceutical drugs such as paracetamol (PRT) is important for 

industrial applications. In this study, we synthesized copper oxide 

nanowire (CuO NW) via simple chemical co-precipitation technique. 

The prepared CuO NW electrodes were coated on a glassy carbon 

electrode (GCE) for conducting sensitive and selective 

electrochemical detection of PRT. The CuO NW electrodes were 

systematically characterized using various spectroscopic techniques 

including X-ray diffraction, Fourier transform infrared spectroscopy, 

an energy dispersive X-ray analysis and field emission scanning 

electron microscopy. The electrochemical properties of CuO NW 

electrodes were verified using electrochemical impedance 

spectroscopy (EIS) and cyclic voltammetry (CV) techniques. As an 

electrochemical sensor, the proposed nanowire-like copper oxide-

glassy carbon electrode (CuO NW/GCE) demonstrated an excellent 

sensitivity with a wider linear response range from 0.1 to 275.1µM. 

The electrode also has good sensitivity. The selectivity were tested in 

the presence of three different co-existing biomolecules. Finally, the 

CuO NW/GCE exhibits consistent durability, reproducibility, and 

reproducibility, which are important parameters for future 

development as a point-of-care device. 
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1. Introduction  

Transition metal oxides are crucial materials for magnetic storage media, solar energy conversion, 

electronics, and catalysis. Some transition metal oxides, such as zinc oxide, titanium dioxide, and iron 

oxide, have been proven to be potential candidates for many applications. Among all transition metal 

oxides, copper oxide (CuO) is categorized as a highly attractive metal oxide semiconductor material 

because of its superior performance in electronic and optoelectronic industrial applications such as gas 

sensing device fabrication, semiconductor, and thin films for photovoltaic cells [1-3]. CuO is abundantly 

available material and is non-hazardous. The narrow band gap energy of CuO is 2.0 eV [4]. Furthermore, 

the fabrication and processing of CuO entails low cost [5,6]. Several synthetic approaches have been 

recently reported for the preparation of different CuO nanostructures such as thermal oxidation of copper 

foil, hydrothermal synthesis, vapor-phase solid preparation, ultrasonic irradiation method, thermal 

decomposition of precursors, electrodeposition and electron beam lithography [5-11]. However, it is still 

challenge to develop a simple, rapid, easy to control, and energy efficient method for manufacturing CuO 

nanostructures with a designable morphology on a large scale. To date, various morphological CuO 

nanostructures have been synthesized through facile solution methods such as ribbon like-films [12], 

nanowires [13], nanorods [14-28], plate-like powder [19], hallow microspheres [20], 3D CuO nanorods 

and nanowires bundle [21,22], hierarchical flower like CuO films [6,23], and butterfly like CuO [24]. 

Acetaminophen or paracetamol (PRT, N-acetyl-p-aminophenol) is widely utilized as an analgesic and 

antipyretic agent [25,26]. It is suitable alternative for aspirin as a pain reliever associated with a headache, 

backache, arthritis, and post-operative pain [27,28]. In general PRT seems to be dangerous even when 

consumed in normal therapeutic doses and may create serious side effects such as hepatotoxicity and 

nephrotoxicity, which are related to liver and kidney damage [29,30]. Therefore, the development of a 

simple, a fast, a sensitive, and an accurate method for the determination of PRT is crucial for quality 

control in pharmaceutical and overdose diagnosis [29-32]. 

Numerous techniques have been utilized for quantifying PRT in biological fluids and pharmaceutical 

formulations such as chromatography [33], capillary electrophoresis [34], spectrophotometry [35], flow 

injection methods [36], and electroanalytical techniques [29-32]. The electrochemical technique is more 

efficient than all aforementioned methods and is the most widely applied because it has the following 
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characteristics: higher sensitivity, good selectivity, quick response, easier to operate, and inexpensive [29-

32, 37-41, 60-62]. 

In the present research paper, we report a facile chemical precipitation method for large-scale production 

of CuO NWs. For the first time we have attained this approach to prepare nanowire-like copper oxide 

nanostructures without using modifiers and surfactants and so on. 

The formation of CuO NW reaction mechanism was detailed. We have fabricated the CuO NW modified 

glassy carbon electrode without utilizing of linkers and the paracetamol electrochemical sensing properties 

of CuO NW/GC electrodes were systematically studied. 

2. Experimental Details  

2.1. chemicals and instrumentation 

Copper sulfate pentahydrate (CuSO4.5H2O), sodium hydroxide (NaOH), paracetamol (PRT), Bovine 

serum albumin (BSA), sodium phosphate dibasic and monobasic were purchased from Sigma-Aldrich. 

All the chemicals were used as received, and phosphate buffer was prepared using purified water. The as-

synthesized compound was well characterized by using the pattern obtained from an X-ray diffractometer 

(PAN analytical, Netherlands), field emission scanning electron microscope (JSM-7610F), and an energy 

dispersive X-ray analyzer (EDX-HORIBA EMAXX-ACT). Impedance studies were conducted utilizing 

an electrochemical impedance spectroscope (EIM6ex Zahner, Germany). The cyclic voltammetric studies 

were conducted using equipment from CH instruments, USA. An electrochemical analyzer (CHIi205A, 

CH instruments) was employed for conducting cyclic voltammogram and differential voltammetry 

measurements. 

2.2. Synthesis of CuO NW 

Copper oxide nanowire (CuO NW) electrodes were synthesized through a simple chemical co-

precipitation method [45]. Firstly, 0.6M (4.788g) of CuSO4.5H2O was dissolved in 50-mL purified water. 

Moreover, 0.6M of (1.999g) sodium hydroxide (NaOH) was dissolved in 50-mL purified water 

individually. Then, both the solutions were mixed in a round-bottomed flask by conducting magnetic 

stirring at 400 rpm for 4 h. subsequently, NaOH was added in a drop-wise manner (5mL/min) with 

constant stirring. To maintain the pH ranges from 9.5 to 12.0 at an ambient temperature (25°C±). The 

resulting as-prepared solution was performed to sedimentation for 24h, and the obtained brown precipitate 
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was consecutively washed with water until the pH reach at 7.0. Then, ethanol (75%) was used to purified 

precipitate, and the mixture was centrifuged at 4000rpm for 30 min. Subsequently, the obtained products 

were dried at 60°C in a hot air oven for consecutive 6h. Afterwards, the product was calcined at 400°C 

for 2h and finely pulverized using an agate mortar with pestle. Eventually, the electrochemical studies 

were conducted at room temperature on the prepared sample. The Scheme 1 explored the preparation of 

CuO NW and its electrochemical oxidation of PRT on CuO NW/GCE. The formation of CuO NW and 

chemical reaction is written in the equations (1 and 2), 

CuSO4 .5H2O (aq) + NaOH (aq) → Cu (OH)2 (S) + Na2SO4 (aq) →  (1) 

Cu (OH)2 (S)   
∆
→ CuO (S) + H2O → (2) 

 

Scheme 1. Synthesis of CuO-nanowire and its electrochemical oxidation of PRT at CuO NW/GCE. 

2.3. Preparation of nanowire-like CuO modified glassy carbon electrode (CuO-NW/GCE) 

To fabricate a PRT sensor, initially, the naked surface of glassy carbon electrode (GCE) was cautiously 

polished with 0.05 µM alumina slurry by means of micro-cloth pads, and was thoroughly rinsed with 

double distilled water until the shining surface was obtained [42]. There any substances that are adsorbed 

at the electrode surface were then removed by ultrasonic treatment for 5 min and dried at ambient 

temperature. Moreover, about 3 mg of CuO-NW was dispersed in 1-mL of water, and sonicated for 30 

min to form homogeneous suspension. Then, 8 µL suspension of CuO NW was drop coated on the cleaned 

surface of the GCE. Subsequently, the GCE was dried in an oven at 55°C for 5 min.  
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2.4. Real sample preparation (Bovine serum albumin) 

A refrigerator was utilized to store Bovine serum albumin (BSA) real sample. The known amount of PRT 

solution were spiked into 10mL of volumetric flask containing bovine serum albumin and shacked well 

for few minutes. It is kept in refrigerator at 4°C until the experiments. To quantify the PRT sample content, 

the standard addition method was implemented using cyclic voltammetry technique (CV) in presence of 

0.1M PB solution, pH at 7.0. These analyses were conducted at an ambient temperature condition. 

2.5. Measurement of PRT 

The electrocatalytic performance of CuO NW/GCE toward the oxidation of PRT was investigated through 

CV tests containing 0.1 M PB solution (pH 7.0) at a scan rate of 0.05 V s-1 at room temperature. Various 

concentrations of PRT ranging from 25 to 150 µM were detected using the developed electrode, and the 

linear plot was used to determine the peak current (µA) versus the PRT concentration (µM). To sustain 

the stability of the electrode, it is kept in a refrigerator at 4°C in presence of 0.1M PB solution. 

3. Results and Discussion 

3.1. Morphological and composition analysis of CuO NW electrodes 

The surface morphological features of copper oxide nanowires (CuO NW) were confirmed using field 

emission scanning electron microscopy (FE-SEM), and the images were recorded at different 

magnifications (Fig.1). Fig.1 (A) and (B) displays the FE-SEM micrographs of CuO NW at blow 

magnification (x15, 000 and x35, 000) before calcination. The pre-calcined product shows the uniform 

structure comprising bundles of crushed leaf-like structures in huge quantities ranging from ≈0.6 to 

1.0µM. The FESEM images of CuO NW electrodes represented in Fig.1 (C) and (D) were captured at 

magnifications of x50, 000 and x65, 000, respectively. These images revealed a bundle of huge quantities 

of nanowires and show the active sites of CuO NW electrodes. The average size of CuO NW was 100nm, 

a single wire diameter is 1.32nm and the length of a wire is 56.32nm respectively. 
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Fig. 1. FESEM morphograph of as-synthesized CuO NW before (A-B) and after calcifications (C-D). 

Simultaneously, an energy dispersive X-ray (EDS) analysis was used to evaluate the CuO NW materials 

purity, the determination of elemental composition consisting within the materials before and after 

calcination process, as depicted in Fig. 2. From CuO NW EDS spectrum, the presence of copper and 

oxygen elements in the CuO NW electrode were confirmed. These data indicated that the nanoparticles 

are merely stoichiometric (Fig. 2 (A)), and the weight percentages of Cu and O in the CuO NWs, calculated 

using EDS results were 30.09% (Oxygen) and 69.91% (Copper) before calcination. The Fig.2 (B) reveals 

the after calcination of CuO NW electrode EDS data, which shows the copper and oxygen percentages 

i.e. 77.33 at% (Cu) from stoichiometry and 22.67 at% (O) from stoichiometry, correspondingly, which 

are in close proximity to the values expected, hence proving the formation of CuO NWs. 

 

Fig. 2. EDS spectrum of as-synthesized CuO NW before (A-C), and after calcifications (D-F). 
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To determine the location of copper and oxygen, an elemental mapping was carried out. The results show 

in Fig. 3. From the Fig. 3. (A-C) and (D-F), the copper (Cu) and oxygen (O) elements are localized within 

the CuO NW electrodes before and after calcination was confirmed.   

 

Fig. 3. Elemental mappings of CuO NW before calcination (A-C) and after calcination (D-F) 

3.2. Crystalline structure analysis of CuO NW electrodes 

The crystalline structure and phase purity of CuO NW electrodes were characterized by using X-ray 

diffraction (XRD). Fig.4. (A) represents the XRD pattern of Cu(OH)2 complex obtained after drying the 

precipitate at 50°C. the diffraction peaks found at 32.46°, 35.51°, 38.71°, 44.75°, 53.44°, and 58.29° 

corresponding to the (1ത 10),(1ത 11), (022), (111), (150), (020), and (1ത 13) planes of the orthorhombic 

Cu(OH)2, respectively, (JCPDS 80-0656). The XRD patterns of CuO NW after annealing at 400°C, all 

the diffraction peaks were observed and compared with the peaks in the standard data [43]. Fig.4 (B) 

shows the major peaks at 2θ values of 32.75°, 35.55°, 38.85°, 48.75°, 53.85°, 61.55°, 66.45°, 68.15°, 

72.45°, and 74.85° that correspond to the (110), (1ത11), (200), (2ത02), (020), (202), (1ത13), (220), (311), and 

(004) planes respectively. These XRD patterns can be attributed to the monoclinic CuO NW crystal, which 

is in agreement with the standard JCPDS data (ref no: 5-0661). No other characteristic peaks of impurities 

such as Cu(OH)2, Cu2O, or precursors were observed, thus indicating the formation of a pure phase CuO 

NW electrodes. The average crystalline of CuO NW was examined using the full-width half maximum 

(FWHM) value of prominent diffraction peak of the XRD pattern through Scherer’s equation (3) as 

follows [44]: 
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𝑋௦ = 𝑘𝜆|𝛽 cos 𝜃    →                 (𝟑)   

Where Xs is the size of the crystal, λ is denoted as wavelength of X-ray, ß is the FWHM of the diffraction 

peak, θ is the angle of diffraction, and k is Scherer’s constant. The crystal size was calculated from the 

diffraction plane (111), and the average crystalline size of the CuO NW was found to be 20.1nm. The 

experimental results were similar to the diffraction patterns of CuO NW electrodes reported in a previous 

literature [45]. 

 

Fig. 4. XRD profiles of as-synthesized CuO NWs (A) before and (B) after calcifications and the FTIR 

spectrum of as-prepared nanostructures (C-D) 

To determine the chemical and structural nature of the synthesized Cu(OH)2 and CuO NW electrodes, the 

effect of chemicals used, fourier transform infrared spectroscopy (FTIR) analysis was used.  Fig. 4 (C) 

and (D) represent the IR spectrum recorded for the Cu(OH)2 and CuO NWs, respectively, in the range of 

500-4000 cm-1 before and after calcination. In the as-synthesized Cu(OH)2, the presence of peak at 

3400.11 cm-1 indicates the stretching mode of hydroxyl groups in Cu(OH)2. The peak at found at 1707.71 

cm-1 denotes the bending mode of absorbed water molecules in the product. In the FTIR spectrum, CuO 

NW’s peaks observed at 837.36 and 1187.56 cm-1 correspond to the strong Cu-O stretching vibrations. 
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The peak at 1495.57 cm-1 attributed to C=O stretching acidic groups. Bands at 3448.35 cm-1 may be agreed 

to the Cu-OH groups as displayed in Fig.4. (D). 

3.3. Electrochemical properties of CuO NW/GC electrode 

The electrochemical impedance spectroscopy (EIS) results of the unmodified GCE and modified 

electrodes (CuO NW/GCE) in 0.1M KCl containing 5mM Fe(CN)6 3-/4- at room temperature were shown 

in Fig.5. An applied frequency range was fixed at 100MHz to 100KHz. Fig.5 displays the rate of charge 

transfer reaction on the surface of bare GCE and CuO NW modified GC electrode. The smaller semicircle 

curve of the CuO NW electrodes indicates lower impedance value, which supports easier electron transfer 

[46-48]. In inset Fig.5 shows the Randles equivalent circuit model. This model uses electrolyte resistance 

(Rs), charge transfer resistance (Rct), double layer capacitance (CdI), and Warburg impedance (Zw) to fit 

the Nyquist plot. The semicircle portion of the EIS plot obtained for CuO NW/GCE was 2.4 times higher 

than that of bare GC electrode. The corresponding Rct values were 98.31 for the unmodified GCE 

(Fig.5(a)) and 52.03 for CuO NW/GCE (Fig.5(b)) respectively. These results from the impedance analysis 

suggested that CuO NW electrodes are good conductive materials for constructing an electrochemical 

sensor. 
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Fig.5. Typical Nyquist semicircle plots of EIS spectra. Electrode fabrication step measured in a mixture 

of 5mM of Fe(CN)6 3-/4- and 0.1M KCl solutions at an applied amplitude of ±5mV within a frequency 

range of 0.01Hz-100MHz.  Curve (a) Bare GCE and (b) CuO NWs modified GCE. Randles equivalent 

circuit model is shown in inset with the corresponding FESEM image of CuO NWs. 

3.4. Detection of PRT using a CuO NWs/GCE 

The electrochemical oxidation properties of paracetamol (PRT) (50µM) obtained using the unmodified 

GCE and the CuO NW/GCE were studied utilizing 0.1M PB solution (pH 7.0) at a scan rate 0.05Vs-1 by 

conducting cyclic voltammetry (CV) tests. The bare GC electrode does not present any obvious redox 

behaviour in the presence of PRT (Fig.6A (a)), which indicates that the unmodified GCE is 

electrochemically inactive and it is not favorable for the detection of PRT in the selected potential range. 

Conversely, when the unmodified GCE was grown with CuO NWs (50µM PRT), a quasi-reversible redox 

behaviour with the oxidation and reduction peak potentials of 0.49V (Epa) and 0.06V (Epc), respectively, 

was obtained (Fig.6A (b)). The redox peak current of PRT obtained using CuO NW/GCE was due to the 

oxidation and reduction processes that occurred, because of two electrons and one proton transfer. The 

possible electrocatalytic redox mechanism of PRT at CuO NW/GCE is illustrated in the Scheme 2. 

Moreover, the redox peak current obtained by CuO NW modified electrodes is 6.5- fold higher than that 

of bare GCE. This result proved that the CuO NW/GCE had excellent electrocatalytic activity. The 

catalytic features of the sensor may be due to their unique properties of CuO NW electrodes, such as high 

volume ratio, large surface area and subtle electronic characters. Furtherly, the catalytic properties of this 

sensor device was confirmed by conducting CV analysis by varying the concentration of PRT ranges from 

25 to 150µM in the presence of 0.1M PB solution (pH 7.0) at a sweep rate of 0.05Vs-1, as shown in Fig. 

6 (B). The corresponding linear plot obtained from the relationships of redox peak current versus PRT 

concentration is depicts in Fig.6. (C). from this plot, the redox peak current significantly increases with 

increasing of concentrations. To calculate the limit of detection, selectivity and sensitivity, the CuO 
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NW/GCE was selected as a working electrode for further electrochemical investigations, and the oxidation 

peak was utilized as the analytical signal in differential pulse voltammetry (DPV) tests due to its higher 

sensitivity. The electrochemical oxidation reaction was takes place at the modified electrode surface is 

represented as the equation (4) as follows: 

2Cuଶା
+ C଼HଽNOଶ  → 2Cu + C଼H଻NOଶ + 2Hା         → (𝟒) 

 

 

Fig.6. typical CV curves of different electrodes (such as bare GCE (a) an d CuO NWs/GCE (b)). (B) CV 

profiles of CuO NWs/GCE containing 20-150µM of PRT. Supporting electrolyte: 0.1M PB solution (pH 

7.0) at a sweep rates 0.05Vs-1. (C) The linear relationship between peak current vs. concentrations. (D) 

Various scan rates, (E) scan rates vs. current relationship, (F) Log of scan rate vs. peak potential 

relationship. 
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Scheme 2. Electrochemical oxidation mechanism of PRT at CuO NWs/GCE 

3.5. Effect of scan rate 

To further investigate the electrochemical oxidation mechanism of PRT, the effect of scan rate (ν) on the 

voltammetry response of PRT when CuO NWs/GCE used was studied in detail. Fig.6 (D) displays the CV 

analysis of CuO NWs/GCE in 0.1M PBS (pH 7.0) containing 50µM PRT (0.1mM) at a scan rates from 

40 to 400 mV/s-1. A notable relationship between the peak current and the square root of scan rate was 

observed. The linear regression equations are shown in the equations (5 and 6). Fig.6 (E) reveals that the 

redox reaction of PRT at the CuO NWs/GCE, which is represents a diffusion controlled process takes 

place. Fig.6 (F) Shows the Tafel plots for the relationship between redox potentials vs. log of different 

scan rate in seconds. The electron transfer coefficient can be calculated from the slope value. The activated 

complex is around halfway between reactants and products on the reaction coordinate. In other words, 

structure of the activated complex reflecting reactants and products equally.  

Ipa/A=y=-0.0065x -0.794 R2 – 0.99 → (5) 

Ipc/A=y=0.0108x +1.727 R2 – 0.99 → (6) 

3.6. Analytical features of PRT electrochemical sensor 

Fig.7 (A) displays the differential pulse voltammetry (DPV) curves obtained while using CuO NWs/GCE 

toward the determination of paracetamol (PRT). For various concentrations of an analyte, a well-defined 

DPV response was observed. The oxidation peak of PRT increases with increasing the concentrations. 

The plot of the oxidation current versus PRT concentrations suggested good linearity with a linear 
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regression of y=0.0287x + 0.2823 and R2 = 0.99, as presented in Fig.7 (B). The obtained linear dynamic 

concentration range from 100nM to 275.1 µM and a sensitivity of the electrode shows 0.3632µA/µM-1 

cm-2.  The limit of detection was calculated by the following equation (7); 

                          LOD = 3Sb/S                         → (7) 

Where Sb is the standard deviation of the intercept of regression line and S is denoted as the slope of the 

calibration curve. From the above equation, the calculated LOD was to be 10nM. The analytical 

parameters such as linear working range (LWR), sensitivity and limit of detection (LOD) were compared 

with those in previous studies [49-59] and the comparison results are tabulated in the Table 1. When 

compared with the other modified electrodes which are presented in previous studies, the CuO NW/GC 

electrode is the simplest composite with higher sensitivity and a wide linear working concentration range. 

CuO NW/GCEs are more suitable for future commercialization due to their facile synthesis compared 

with the electrodes described in previous literatures. 

 

Fig.7. (A) DPVs of PRT at CuO NW /GCE and (B) corresponding linear plot for concentration vs. current. 

Table 1. Comparison of the electrochemical sensors with current PRT sensor. 

Electrodes Technique jLWR (h µM) Electrolyt

e (pH) 

gLOD (inM)  Sensiti

vity 

(µA 

μM-1 

cm-2) 

Ref 

aMWCNT/graphene/GC

E 

DPV 0.80-110.0 7.5 90 Nil [49] 
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Graphene/bGCE SWV 0.1-20 9.3 32 Nil [50] 

Boron-doped-diamond 

electrode 

   DPV 0.5-83 4.5 490 Nil [51] 

MWCNT/cPPGE    SWV 0.1-25 7.5 45 Nil [52] 

Pyrolytic carbon 

electrode 

   DPV 15-225 7.0 1400 0.33 [53] 

MoS2-dGR    DPV 0.1-100 5.5 20 Nil [54] 

MWCNT/chitosan    DPV 1-145 3.0 10 Nil        

[55] 

Carbon nanotube paste 

electrode 

   DPV 0.15-126 7.0 43 Nil        

[56] 

Carbon-coated-nickel 

nanoparticles 

 DPV 7.8-110 5.5 2300 Nil  [57] 

Nafion/TiO2-GR/GCE  DPV 1-100 7.0 2100 Nil [58] 

ePANI/ MWCNT/GCE  SWV 1-100 5.5 2500 Nil [59] 

CuO fNWs/GCE  DPV 0.1-275.1 7.0 10 0.3632        

This        

work 

aMWCNT: multi walled carbon nanotube, bGCE: glassy carbon electrode, cPPGE: plane pyrolytic graphite 

electrode, dGR: graphene, ePANI: poly aniline, fNWs: nanowires, gLOD: limit of detection, hµM: 

micromole, inM: nanomole, jLWR;linear working range. 

3.7. Interference, reproducibility, repeatability and stability analysis 

To evaluate the anti-interference performance of the CuO NW/GCE was analyzed in presence of some 

oxidizing interferes such as dopamine (DA), uric acid (UA), and ascorbic acid (AA) were the results are 

analyzed. Fig.8 (A) describes the DPV response of the CuO NW modified electrode toward 50µM of PRT 
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and 20-folds higher concentration of co-existing species (above mentioned). There is no significant 

interference was found fro the detection of PRT. These results revealed that the electrode quickly 

responded to PRT (Fig.8 (B)) and interfering substances. However, very quiet responses were observed 

when each interfering compounds were injected separately (without paracetamol). This result suggests 

excellent selectivity of the electrode. 

The repeatability and reproducibility were assessed in the presence of 0.1M PB solution (pH 7.0) 

containing 50µM of PRT, as depicted in Fig.8 (C and D). The electrode exhibits suitable repeatability with 

a relative standard deviation of 1.60% for five repetitive measurements conducted by using CuO 

NW/GCE. Moreover, the developed electrode shows good reproducibility of 1.0198% for five 

independent analyses. 

 

Fig.8. (A). Selectivity for the PRT at CuO NW/GCE in presence of 0.1M PB solution (pH 7.0). (B) 

Corresponding peak current vs. interfering species concentration, (C) Repeatability of PRT with five 

different modified electrodes and (D) Reproducibility chart for the five independent electrodes. 

3.8. Real sample analysis (Bovine serum albumin) 
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In order to demonstrate the pragmatic applicability of the proposed sensor (PRT) were quantified in bovine 

serum albumin (BSA) physiological sample, on CuO NW/GCE. This sample was prepared before the 

experiment and three parallel determinations were carried out for this BSA detection. Table 1 presents the 

results. The obtained recoveries were 98.2403%, 100.90%, and 101.20% respectively for three replicate 

measurements with the related standard deviation was lower than 5%. Thus the obtained results prove the 

practical usages of the fabricated sensor in real samples. 

 

Fig.9. (A). Real sample analysis curves of PRT in BSA and (B) corresponding linear current response. 

Table 2. Detection of PRT in Bovine serum albumin. 

          Sample Added (µM) Found (µM) Recovery (%) aRSD (%) 

BSA 1 1.14 98.24% 2.2403% 

BSA 2 2.20 100.90% 2.1514% 

BSA 3 3.32 101.21% 2.8756% 

 

4. Conclusion 

To summarize the work, we have developed a technologically advanced electrochemical sensor for the 

effective selection and sensitization, to determine the paracetamol (PRT) which was constructed by green 

chemical synthesis of CuO NW electrodes using a chemical simple co-precipitation method. 

Morphological features of these electrode materials were appropriately characterized structurally using 

XRD, FTIR, EIS, and FE-SEM. The electrochemical property enhancement of the modified electrode 
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toward the detection of PRT was confirmed by CV and DPV analysis. The experimental results suggests 

that the prepared electrochemical sensor showed an excellent specificity for the quantification of PRT in 

presence of existence of potentially co-interfering compounds with a wide linear response range,  lower 

limit of detection and good sensitivity. Due to this excellent behaviour, the fabricated sensor can be used 

for the efficient determination of PRT in pharmaceutical samples in future. Furthermore, the proposed 

synthesis method is simple, fast, large scale production, robust, reproducible and does not require any 

sophisticated instruments. In future, the present process can be further extended for the construction of 

various morphologies and to check their possible applications in lithium-ion batteries, fuel cells, and 

photocatalysis. 
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