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Abstract. ZnCo2O4 nanosheets (ZCO) were synthesized by a simple method using microwave-

assisted hydrothermal technique. X-ray diffraction (XRD), energy-dispersive X-ray 

spectroscopy (EDX), UV-vis spectroscopy (UV-vis), and scanning electron microscope (SEM) 

methods were used to study the structural characteristics, morphologies, and sizes of the 

synthesized materials. A ZnCo2O4 nanosheet-modified screen-printed electrode (ZCO/SPE) 

acted as an effective electrochemical sensor for determining paracetamol (PCM). The PCM 

oxidation peak current response for ZCO/SPE was 37.7 percent higher than that for the bare 

SPE. Under optimized conditions, the ZnCo2O4-based electrochemical sensor exhibited a linear 

response from 0.5 to 100 µM with a high electrochemical sensitivity of 4.27 µA µM
-1

cm
-2

 and a 

limit of detection (LOD) of 0.19 µM. In addition, the as-synthesized electrochemical sensors had 

high anti-interference ability and excellent stability for the determination of PCM. 

Keywords: ZnCo2O4, paracetamol, electrochemical sensor. 

Classification numbers: 2.5.2 

1. INTRODUCTION 

Paracetamol (also known as acetaminophen) is a non-steroidal anti-inflammatory drug and 

is a common medication for its strong antipyretic and analgesic action. It is an over-the-counter 

(OTC) medicine and popularly used for patients with arthritis, neuralgia, backache, headache, 

migraines, postoperative pain, etc. [1, 2]. Usually, PCM does not display any negative side 

effects, but its overdose consumption causes damage to the kidney and liver. In cases of acute 

mailto:huyen.nguyenngoc@phenikaa-uni.edu.vn
mailto:leminhtung@tgu.edu.vn
mailto:tuan.leanh@phenikaa-uni.edu.vn


 
 

 Nguyen Ngoc Huyen, Le Minh Tung, Anh-Tuan Le, et al. 
 

348 

overdose, PCM can also lead to severe and sometimes fatal hepatotoxicity and nephrotoxicity [3, 

4]. Thus, establishing one of the simplified and sensitive methods to determine the amount of 

PCM would be of high importance. The techniques used for the detection of PCM are titrimetric 

[5], high-performance liquid chromatography [6], spectroscopy [7], opto-chemical and 

electrochemical sensors [8-10]. Among these methods, the electrochemical sensing method has 

been regarded as a useful tool for rapid, simple, and sensitive detection [11]. Nevertheless, the 

limitation of this method in its applicability is the use of pure electrodes (or commercial 

electrodes) with low electrochemical performance, short-term stability, and slow kinetics of 

electrochemical reactions on the electrode surface. To overcome these challenges, modifying the 

working electrode surface is the key research direction pursued. Up to now, most researchers are 

concentrating on nanomaterials as potential modifiers. The materials usually used in this regard 

are metal oxides, metals, different carbon nanostructures, and conducting polymers [12]. 

Currently, metal spinel oxides are one of the most favorite materials for constructing 

electrochemical sensors because of their chemical and thermal stability, superior redox 

properties, and cost-effectiveness [13, 14]. Especially, spinel cobaltites have different oxidation 

states, are easy to synthesize, are low toxic, display high durability in alkaline electrolytes, and 

have a reasonable price [15, 16]. Among these spinel cobaltites, ZnCo2O4 has emerged as a 

highly competent material for many applications in fields such as supercapacitor [17], 

photocatalysis [18], biosensors and electrochemical sensors [19 - 21] due to its outstanding 

properties such as relatively low cost, eco-friendly nature, multiple valence states (Co
2+

 and 

Co
3+

), superior redox properties, chemical stability, and morphological diversity that includes 

nanosized rod, porous, sheet, and wire structures. For example, Jiangjiang Zhang et al. [22] used 

ZnCo2O4 nanosheets synthesized by a hydrothermal method for the detection of p-nitrophenol 

(PNP) and o-nitrophenol (ONP). Shilin Liu et al. [23] reported a non-enzyme glucose sensor 

based on ZnCo2O4 micorods by a hydrothermal method. However, the morphological properties 

and electronic structure of ZnCo2O4 nanomatrials have decisive effects on the analytical 

performance of electrochemical sensors. The design of rational nanostructures toward a given 

analyte has been considered a key to enhancing the analytical performance of ZnCo2O4-based 

electrochemical sensors. Thus, further efforts are still required in novel ZnCo2O4 nanostructure 

designs for high-performance electrochemical sensors. 

In this work, a simple method using microwave-assisted hydrothermal technique is 

developed to synthesize two-dimensional spinel nanosheets comprising ZnCo2O4 nanoparticles. 

The ZnCo2O4 nanosheets showed an excellent electrocatalytic oxidation capability towards PCM 

with a marked decrease in the overvoltage and an increase of oxidation current response. The 

ZnCo2O4 nanosheets-based electrochemical sensor showed wide dynamic linear ranges, low 

limit of detection, great sensitivity, and good repeatability. The practical applicability of the 

sensor was also investigated by sensing the PCM in pharmaceutical samples.  

2. EXPERIMENTAL SECTION 

2.1. Materials 

Zinc nitrate hexahydrate (Zn(NO3)2.6H2O, 99 %), Cobalt (II) nitrate hexahydrate 

(Co(NO3)2.6H2O, 98.5 %), and Urea ((NH₂)₂CO, 99 %) were manufactured by Xilong Scientific 

Co., Ltd. (Guang-dong, China). Paracetamol (PCM, 99 %) was purchased from the National 

Institute of Drug Quality Control (Ha Noi, Viet Nam). A phosphate-buffered saline (PBS) 

solution (0.1 M, pH 7.3) was prepared using KCl (> 99.5 %) and KH2PO4 (> 99.5 %) provided 

by Merck KgaA, Germany); Na2HPO4.12H2O (> 99 %) was purchased from Guanghua 
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Chemical Factory Co. Ltd., China. K3[Fe(CN)6] (> 99.5 %), K4[Fe(CN)6] (> 99.5 %), and NaCl 

(> 99.5 %) were acquired from Xilong Scientific Co. Ltd., China. The pH value of the PBS 

buffer solution was regulated by H3PO4 (> 85 %), and NaOH (> 96 %) which are products of 

Duc Giang Chemical JSC, Viet Nam. All the chemicals were used in their original form (without 

any additional purification). Carbon screen-printed electrodes (SPE) were bought from Metrohm 

Vietnam Co., Ltd. 

2.2. Synthesis of ZnCo2O4 nanosheets (ZCO) 

ZnCo2O4 nanosheet samples were prepared by a microwave-assisted hydrothermal method. 

Initially, 0.48 g of Co(NO3)2.6H2O and 0.446 g of Zn(NO3)2.6H2O were dissolved in 250 mL of 

double-distilled water. The mixture was magnetically stirred for 15 minutes at 25  . After that, 

60 mM Urea solution was slowly added to the above solution. Next, the mixture was put into an 

autoclave and heated for 30 minutes at 140 °C. At the end of the reaction time, the autoclave was 

naturally cooled to under 30 °C. Then, the precipitation was washed several times by double-

distilled water and dried at 80 °C for 12 hours. ZnCo2O4 powder was obtained after being 

calcined at 400 °C. 

2.3. Preparation of modified electrode and real samples 

A dropping technique was used to prepare the modified electrode. Initially, the bare SPE 

was cleaned with ethanol and double-distilled water, and then allowed to dry at room 

temperature. Next, 3 mg of ZCO sample was dispersed into double-distilled water (concentration 

1 mg/mL) and sonicated for 1 hour to achieve a stable suspension. Then, 8 μL of the ZnCo2O4 

solution was dropped onto the working electrode. After drying for 3 hours at 40° C in air, the 

electrode was ready to use.  

Panadol tablets (500 mg paracetamol) and Hapacol powder (80 mg paracetamol) were the 

two types of medications we used in this investigation. Firstly, 600 mg of Panadol tablets was 

finely powdered in an agate mortar. Next, each powder was dissolved in double-distilled water 

by a vortex mixer to get the desired concentration (10, 30, 50 μM) and then used for 

pharmaceutical sample studies. 

2.4. Materials characterization 

The crystalline structure of the ZCO sample was studied by a Bruker D5005 X-ray 

Diffractometer using CuKα radiation (λ = 0.154056 nm). Fourier transform infrared spectroscopy 

(FTIR) spectra were investigated using an IRAffinity-1S spectrometer in the range from 200  

cm
-1

 to 4000 cm
-1

. The morphology of the ZnCo2O4 sample was recorded by a scanning electron 

microscopy (SEM) system. The energy-dispersive spectroscopy (EDS) mapping was applied to 

characterize the element distribution (HORIBA model 7593-H, attached on FESEM HITACHI 

S-4800). The UV-vis absorbance spectra were examined (HP 8453 spectrophotometer), and the 

pH measurements were carried out using an IC-PH60 pH tester kit, America. 

2.5. Electrochemical measurements 

The electrochemical properties and electrochemical performance of the electrodes in this 

study were evaluated using a Palmsens4 electrochemical workstation (Netherlands) at 

temperatures ranging from 25 to 27 °C. Initially, electrochemical measurements, including 

electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV) were performed by 
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applying a potential from -0.3 V to 0.6 V in 0.1 M KCl solution containing 5 mM 

K3[Fe(CN)6]/K4[Fe(CN)6)] at a scan rate from 0.05 V s
-1

. EIS measurements were carried out at 

a potential of −0.2 V in the frequency range from 0.01 to 50 KHz. Next, the electrochemical 

performance of PCM on the modified electrodes was investigated using CV and differential 

pulse voltammetry (DPV) techniques in a 0.1 M PBS buffer solution. DPV measurements were 

performed under the following conditions: Epluse = 0.075 V, Tpulse = 0.25 s, scan rate of 0.006 V 

s
−1

. CV measurements were carried out at scan rates from 0.01 to 0.06 V s
-1

 over a potential 

range between 0.0 and 0.8 V. 

3. RESULTS AND DISCUSSION 

3.1. Characterization of ZnCo2O4 nanosheets 

To investigate the phase and purity of the materials, XRD diffraction was recorded in the 

2θ range of 10° - 70° as depicted in Figure 1a.  

 

Figure 1. (a) XRD patterns, (b) FTIR spectrum, (c) UV-Vis absorption spectrum, Tauc plot (inset),                    

and (d) SEM image of the synthesized materials ZnCo2O4. 

In particular, the peaks centered at 2θ of 18.85°, 31.15°, 36.62°, 44.60°, 59.08°, and 64.93° 

were indexed to the (111), (220), (311), (400), (511), and (440) diffraction planes of the standard 

pattern for ZnCo2O4 (JCPDS No. 23-1390), respectively [24]. There are no other diffraction 

peaks on the XRD spectra, indicating that the synthesized product is pure spinel with good 

crystal structure. The Debye-Scherrer formula is applied to calculate the crystal size of ZnCo2O4 

nanomaterials. The average crystallite size of ZnCo2O4 is approximately 18.6 nm. Additionally, 

the crystal plane spacing calculated according to Bragg's law using the (311) plane is 0.245 nm, 

which agrees well with the value previously reported for the (311) plane of the ZnCo2O4 spinel 

phase [25]. Furthermore, the spacing d between adjacent (hkl) lattice planes for cubic crystal 

structure of spinel oxide is given by a = d(hkl)√          , where a is crystal lattice 

paremeters. Consequently, a is determined to be about 8.12 A˚. FT-IR spectroscopy is an 

absorptive technique used to identify the presence of various functional groups in a complex 

molecule. Figure 1b shows two absorption bands at 561 cm
-1

 and 661 cm
-1

, indicating stretching 

vibration of Co-O and Zn-O bonds in the crystal lattice of ZnCo2O4 [26]. The evidence from the 
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obtained FTIR spectrum further demonstrated the formation of ZnCo2O4 through exhibiting its 

metal oxide vibrations in the fingerprint region.  

The optical property of ZnCo2O4 nanosheets is investigated using a UV-Vis 

spectrophotometer. Figure 1c presents the UV-vis absorption spectra of ZnCo2O4. It can be 

observed that ZnCo2O4 possesses strong absorption in both the visible light range (absorption 

peak at 430 nm) and ultraviolet light range (absorption peak at 270 nm). Furthermore, the optical 

band gap energy (Eg) of ZnCo2O4 can be estimated from Tauc's plot according to the equation: 

 h  = K(h  - Eg)
n
 

where   is the absorption coefficient, h  is the photon energy in eV, K is the proportionality 

constant, n = ½ and 2 for direct and indirect transition, respectively. As shown in the inset in 

Figure 1c, the band gap value of ZnCo2O4 was calculated to be 2.98 eV. The Eg value of ZCO in 

this work was very close to that in previous reports [27, 28]. 

 

Figure 2. (a) EDS spectra, (b) EDS element mapping of ZnCo2O4 nanomaterial, and (c-e) elemental 

mapping of the elements O, Co, and Zn. The scale bar in c-e is 20 μm. 

The morphologic characterization of ZnCo2O4 samples was examined via SEM images as 

depicted in Figure 1d. The overall morphology of ZnCo2O4 looks like nanosheet arrays with a 

length of 100 to 150 nm. In addition, the nanosheets' surface seems coarse and shows a surface 

structure that is relatively porous. The SEM image also clearly displayed that the porous 

nanosheets were composed of many regular nanoparticles with a diameter of about 20 nm (this is 

consistent with the XRD result). The thickness of the nanosheets was calculated to be around 15 

nm. Besides, the EDS technique and the EDS elemental mapping in Figure 2 further confirmed 

the presence and homogeneous distribution of Zn, Co, and O elements in the ZnCo2O4 

nanosheet, with oxygen content of ~ 35.82 wt.%, zinc content of ~ 34.19 wt. %, and cobalt 

content ~ 29.99 wt.%. 

3.2. Electrochemical characteristics of ZnCo2O4/SPE 

 The electrochemical properties of both pure SPE and ZCO/SPE were studied by CV 

measurements in 0.1 M KCl containing 5 mM [Fe(CN)6]
3-/4-

 as redox probes (as depicted in 

Figure 3).  

As can be seen, a pair of well-defined redox peaks of Fe
2+

/Fe
3+

 was observed on both two 

electrodes at a scan rate of 50 mV s
−1

. Nevertheless, the obvious difference was pointed out from 
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the redox peak currents. For pure SPE, it displayed an anodic current value of 166.7 μA. 

Meanwhile, for ZCO/SPE, this value was found to be about 237.3 μA. The differences in 

conductivity, electron-transfer efficiency, and the inherent special features of ZnCo2O4 

nanosheet in the redox process could be responsible for the variations in the redox peak current 

of the ZCO/SPE modified electrode. In addition, ZCO in the shape of nanosheet can 

significantly improve surface area of SPE electrode, providing more active sites for redox 

reactions. The electroactive surface area (EASA) of SPE and ZCO/SPE was investigated using 

CV measurements. These measurements were performed at scan rates from 10 mV s
-1 

to 60 mV 

s
-1

 under the same conditions (Figure 4). 

 
Figure 3. CV curves (a) and EIS (b) of pure SPE and ZCO/SPE were recorded in 0.1 M KCl solution 

containing 5 mM Fe(CN)6
3−/4−

. 

 
Figure 4. (a–b) CV profiles of the bare SPE and ZCO/SPE at different scan rates (10 mV s

-1
–60 mV s

-1
); 

and (c–d) the linear plots of the square root of the scan rate and the redox peak current signal. All 

measurements were performed in 0.1 M KCl solution containing 5 mM [Fe(CN)6]
3-/4-

. 

The EASA value was calculated by the Randles-Sevcik equation as follows [29, 30]: 

Ip = 2.69 × 10
5
n

3/2
D

1/2
ACv

1/2 
 

where D is diffusion coefficient of [Fe(CN)6]
3−/4− 

(6.5 × 10
−6

 cm
2
 s

−1
), n = 1 (number of electrons 

participating in the redox reaction), v is the scan rate, C is the concentration of [Fe(CN)6]
3−/4−

, 

and A is the electroactive surface area. As shown in Figures 4a, 4b, when the scan rate increased 

from 10 mV s
-1

 to 60 mV s
-1

, the redox current intensity also increased in a linear relationship. 

From that, the EASA values for the ZCO/SPE and pure SPE could be calculated from the slope 

of the plots of peak currents with square root of the scan rate (Figures 4c, 4d). The EASA of the 

electrodes was acquired as 0.057 cm
2
 and 0.113 cm

2
 for bare SPE and ZCO/SPE, respectively. 

Obviously, the modification by the ZnCo2O4 nanosheet provided a better current response, larger 
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active surface area, and more effective electrochemical performance than the pure SPE. This 

outcome is in line with electrochemical impedance spectroscopy (EIS) results recorded at the 

changed and unchanged electrodes. Figure 3b displays the Nyquist plots obtained over the 

frequency range from 0.01 Hz to 50 kHz in 0.1 M KCl containing 5 mM [Fe(CN)6]
3−/4−

. In a 

Nyquist plot, Rct corresponds to the circumference of a semicircle in the higher frequency 

region. A linear region in the lower frequency corresponds to mixed kinetic-control and 

diffusion-control processes [31]. As can be seen in Figure 3b, the bare SPE electrode exhibited a 

larger semicircle than that of ZCO/SPE. Indeed, the Rct values were estimated to be about 643.4 

Ω, and 322.4 Ω for bare SPE, and ZCO/SPE, respectively. It is evident that as compared to the 

bare SPE, the ZCO-based modified electrode had a lower electron transfer resistance. It implies 

that the ZnCo2O4 nanosheets on the surface of SPE could boost electron transfer rate and reduce 

charge transfer resistance, resulting in an increase in conductivity. The obtained results indicate 

that the ZnCo2O4 nanosheet-based electrode exhibits superior electrochemical characteristics 

compared to commercial SPE. 

3.3. Electrochemical behaviors of paracetamol 

The electrochemical behavior of PCM at unmodified and modified electrodes was 

evaluated using CV measurements at a scan rate of 50 mV s
-1

 in 0.1 M PBS buffer solution (pH 

7.3).  The CV measurements were traced in the presence and absence of PCM molecules at all 

electrodes. As shown in Figure 5a, there were no redox peaks in the PBS solution, and when 

PCM was added to the PBS buffer solution, a pair of redox peaks characteristic of PCM 

molecules appeared within the potential range of 0.2 - 0.5 V [32 - 34]. The obtained anode peaks 

were sharper than the cathode peaks on both SPE and ZCO/SPE electrodes. Therefore, in this 

work, we focus on the change of anode peaks. For the ZCO/SPE modified electrode, the 

observed sharp anode peak demonstrated an oxidation process of PCM at a potential of 0.35 V; 

meanwhile, this peak can be observed at a higher positive potential of 0.37 V for the unmodified 

electrode, indicating a high electrocatalytic activity of ZnCo2O4 for the oxidation process of 

PCM. In addition, the ZCO/SPE electrode also displayed a higher oxidation current response of 

PCM, and a lower background current in comparison with pure-SPE electrode. Indeed, the 

oxidation peak current of PCM at the ZCO/SPE modified electrode (19.32 μA) was about 1.4-

fold larger as compared to the unmodified electrode (14.03 μA), respectively. The results 

indicated that the ZnCo2O4 nanosheets play a role as an efficient electrocatalyst for the oxidation 

reaction of PCM. 

 

Figure 5. (a) CV recorded on pure SPE in PBS buffer solution (pH 7.3) in the presence and absence of 

PCM analyte and (b) CV curves of bare SPE and ZCO/SPE. Inset: plot of comparing peak currents 

between the unmodified and modified electrodes. 
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3.4. The effect of pH and scan rate 

The effect of pH and scan rate on the redox response of PCM were investigated by DPV 

and CV measurements. The CV measurements with various scan rates from 10 to 60 mV s
-1 

were 

carried out in 0.1 M PBS solution (pH 7.3) containing 100 μM PCM, as shown in Figure 6a. As 

seen from the CV curves, the oxidation peak current of PCM rose linearly as the scan rate 

increased from 10 mV s
-1

 to 60 mV s
-1

, corresponding to the linear regression equation of Ipa 

(μA) = 0.292ν (mVs
-1

) + 0.027 (R
2
 = 0.99) (Figure 6b). It could be emphasized that the 

electrochemical redox reaction of PCM occurred in the surface adsorption-controlled process on 

ZCO/SPE. Furthermore, when the scan rate increased, the oxidation peak potential position 

changed marginally toward the positive potential side. The linear relationship between the 

oxidation peak potential (Ep) and the scan rate (ν) and the natural logarithm of the scan rate (ln 

(ν)) was displayed in the regression equations Epa = 1.3ν (V s
-1

) + 0.275 (R
2
 = 0.93) and Epa = 

0.037 ν (V s
-1

) + 0.451 (R
2
 = 0.97), respectively (Figures 6c, 6d). Based on the Laviron equation 

[35, 36]: 

Epa = Eo + (
  

       
)ln(

       

     
) + (

  

       
)lnv 

where the slope of the linear lines is RT/(1-α)nF with F = 96500 C mol
-1

, α is the electron 

transfer coefficient, R = 8.314 J mol
-1

 K
-1

, ket is the electron transfer rate constant, T = 298 K, 

and n is the number of electrons transferred, the (1-α)n value was calculated to be about 0.694. 

From that, the number of electrons involved in the reaction being two electrons with the charge 

transfer coefficient (α) was calculated to be 0.653. Besides, the pH value of the PBS solution is 

one of the factors that greatly affects the electrocatalytic activity of the electrochemical sensor. 

In this study, the influence of pH value was investigated by DPV measurements at a scan rate of 

50 mV s
-1

 in a mixture containing of PCM (100 µM) with various pH values from 3.0 to 11.3 

(Figure 7).  

 

Scheme 1. Suggested redox mechanisms of paracetamol. 

  

Figure 6. (a) CVs of 100 μM PCM with various scan rates (10, 20, 30, 40, 50, 60 (mV s
-1

)) on ZCO/ SPE 

in 0.1 M PBS (pH = 7.3), (b) Plot of the dependence of the oxidation peak current on the scan rate,                    

(c) a linear relationship between scan rate and anode peak positive, and (d) Plot of the dependence of Ep 

on natural logarithm of scan rate [ln(ν)]. 
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Figure 7. (a) DPV recorded on ZCO/SPE at different pH values of PBS solution (3.0 - 11.3) containing 

100 μM PCM, (b) Dependence of oxidation peak current on pH value, (c) Dependence of peak current 

signal on pH value. 

As can be seen, the ZCO/SPE modified electrode displayed changes in both the oxidation 

peak potential position and current signal. When the pH value of the PBS buffer solution 

decreased from 11.3 to 3.0, the oxidation peak potential position of PCM moved towards 

positive potential. The oxidation peak current intensity of PCM reached its maximum at pH 7.3 

and then declined gradually. Thus, a suitable pH value of 7.3 was selected to achieve the best 

sensitivity for the next electrochemical studies. The peak potential position also varied when the 

pH value of the PBS solution was altered, indicating that protons were involved in the oxidation 

of PCM. On the other hand, in Figure 7c the relationship between oxidation peak potential 

positions and pH values is linear with the equation: Epa (V) = -0.049pH + 0.636 (R
2
 = 0.98). The 

slope of the linear line is -0.049 V/pH, which is close to the theoretical value proposed by Nernst 

(-0.059m/n) V/pH, in which the protons and electrons participating in the PCM's oxidation 

process are denoted by the letters m and n, respectively. As a result, two protons and two 

electrons participated in the oxidation process of PCM happening at the electrode surface (due to 

the n:m value being determined to be around 1.2), corresponding to several previously proposed 

mechanisms for the electrochemical oxidation of PCM, as presented in Scheme 1. This redox 

process corresponds to the transformation of PCM to N-acetyl-p-quinone-imine (NAPQI) and 

vice versa [37]. 

3.5. Effect of ZCO amount and accumulation time  

 

Figure 8. Influence of accumulation time (30 - 150 s) (a, b) and the amount of ZnCo2O4 nanosheets on        

SPE electrode (c, d) of ZCO/SPE. 

To optimize the experimental conditions, the influence of the amount of ZnCo2O4 
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nanosheets and accumulation time on the electrochemical reaction of PCM detection was 

investigated. The electrochemical measurements to investigate accumulation time were 

performed by DPV method in 0.1 M PBS buffer solution (pH = 7.3) with a concentration of 100 

μM PCM for a period of 30 to 150 s. The obtained results presented in Figures 8a and 8b show 

that increasing the accumulation time from 30 s to 150 s, a gradual increase in the anode peak 

current of PCM was observed. However, when the accumulation time was changed from 120 s 

to 150 s, the error and instability of the measurements also increased. Hence, an accumulation 

time of 120 seconds was used for further experiments.  

The amount of ZnCo2O4 nanosheets on the modified electrode surface was studied in the 

range of 4 to 10 μL by monitoring the PCM oxidation current (using DPV method in 0.1 M PBS 

(pH 7.3) containing 100 μM PCM). The obtained results in Figures 8c and 8d display oxidation 

peak currents of PCM which increased with increasing the volume of modifier amounts from 4 

to 6 μL. Nevertheless, the oxidation peak current gradually decreased when the amount of 

ZnCo2O4 nanosheets gradually increased from 6 to 10 μL. Therefore, for the further 

electrochemical experiments, 6 µL of ZnCo2O4 (1 mg/mL) was chosen to modify the SPE 

working electrode surface. 

3.6. Determination of paracetamol 

In order to evaluate the electrochemical performance of ZnCo2O4-modified electrode 

toward PCM, DPV measurements were performed at PCM concentrations between 0.5 and 500 

μM. All the DPV measurements at various PCM concentrations on ZCO/SPE were carried out in 

0.1 M PBS solution (pH 7.3, accumulation time of 120 s, and ZCO amount of 6 µL). Figure 9 

shows the calibration plots and DPV curves of the oxidation peak current intensity against 

different PCM concentrations. On the modified electrode, it is seen that the oxidation peak 

currents increased proportionally to the PCM concentration. The oxidation peak current was 

linear with the PCM concentration in the range of 0.5 - 100 μM for ZCO/SPE, and the obtained 

linear regression equation was Ipa (μA) = 0.482CPCM (μM) + 1.065 (R
2
 = 0.99). Furthermore, the 

limit of detection (LOD) and the electrochemical sensitivity of the electrochemical sensor were 

determined using the following equations [30]: 

                                       Sensitivity 2= a/A                        

                                       LOD = 3.3 SD/a                           

where A is the electroactive surface area (EASA), a is the slope of the calibration curve, and SD 

is the standard deviation of a blank sample. So, via the slope value of the obtained linear line, the 

LOD was calculated to be around 0.19 μM and the electrochemical sensitivity towards PCM was 

found at 4.27 μA.μM
-1

cm
-2

 for ZCO/SPE.  

Besides, a comparison of the linear range value and LOD values of ZCO/SPE in this work 

with previously published studies using different modified electrodes for PCM determination is 

given in Table 1. As a result, ZnCo2O4 nanosheet-based modified SPE is superior to other 

modified electrodes because of its extremely low LOD, broad linear range, and high sensitivity. 

Based on the electrochemical results obtained, it should be emphasized that ZnCo2O4-based 

nanosheets showed promise as an excellent sensing platform for rapid detection of PCM in real 

samples with the advantages of ZnCo2O4 nanosheets such as large surface area, high electrical 

conductivity, and excellent electrochemical stability. 
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Table 1. PCM detection abilitiy by various electrochemical nanosensors. 

No. Electrode Method Linear range (μM) LOD (μM) Ref. 

1 CNT-P/CPE SWV 10 – 100 1.1 [38] 

2 PANI–MWCNTs/GCE SWV 1 – 100 0.25 [39] 

3 MWCNTs/poly(Gly)/GCE DPV 0.5 – 10 0.5 [40] 

4 f-MWCNTs/GCE DPV 3 – 300 0.6 [41] 

5 

NiCo2O4 nanoplates/1-

hexyl-3-

methylimidazolium 

tetrafluoroborate/CPE 

DPV 0.004 - 115 µM 1 nM [42] 

6 CuO-CuFe2O4/CPE DPV 0.01–1.5 0.007 [43] 

7 NiO/GCE DPV 0.048 - 130 0.23 [44] 

8 
Ethynylferrocene–

NiO/MWCNT/CPE 
DPV 0.8 - 600 0.5 [45] 

9 ZnCo2O4 nanosheets)/SPE DPV 0.5 - 100 0.19 This work 

CNT-P: Poly(3-aminophenol) and CNT; CPE: Carbon paste electrode; SWV: Square wave voltammogram; PANI–

MWCNTs: Polyaniline–multi-walled carbon nanotubes; GCE: Glassy carbon electrode; MWCNTs/poly(Gly): Multi-

walled carbon nanotubes/poly(glycine); DPV: Differential pulse voltammetry; f-MWCNTs: Acid functionalized multi-

wall carbon nanotubes; SPE: Screen-printed electrode. 

 

Figure 9. (a) DPV curves of different PCM concentrations, (b) Plots of peak current vs. concentration of 

PCM. Inset: a linear relationship between peak current intensity and 0.5 - 100 μM PCM concentration 

with error bars. 

3.7. Repeatability, stability, selectivity, and real sample analysis 

Investigating the repeatability, stability, and selectivity of the ZCO/SPE modified electrode 

were conducted in this work. Firstly, to investigate the repeatability, DPV measurements were 

repeated ten times in 0.1 M PBS (pH = 7.3) containing 100 μM PCM at 50 mV s
−1

.  

The obtained result in Figure 10a points out that ZCO/SPE had outstanding repeatability 

with a relative standard deviation (RSD) value of 1.02 %. This implied that ZCO/SPE-based 
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electrochemical sensor shows excellent repeatability. Secondly, for evaluating long-term 

stability, ZCO/SPE was stored for two weeks under atmospheric conditions and room 

temperature. Figure 10b displays the DPV measurements performed on the ZCO/SPE electrode 

in a 0.1 M PBS solution (pH 7.3) with 100 µM PCM at various storage intervals. As expected, 

after two weeks of storage, the value of the current signal was still around 95 % compared to the 

initial value. 

 

Figure 10. (a) The repeatability, (b) stability, and (c) selectivity of  ZCO/SPE. 

This exhibited the good stability of the prepared electrode. In order to evaluate the 

selectivity of the proposed electrochemical sensor in the determination of PCM, the DPV 

technique was carried out to investigate the influence of several metal ions (such as Na
+
, K

+
, and 

Cl
-
) and common medicines (azithromycin, erythromycin, roxithromycin, ibuprofen, and 

ketoconazole) at 20-fold concentrations on the detection of 5 µM PCM (Figure 10c). The 

obtained results pointed out that no significant influence on the current response of PCM was 

observed even under high concentrations of interfering substances. This means that the 

ZCO/SPE modified electrode has good anti-interfering capability for the electrochemical 

detection of PCM. According to these consequences, the ZCO/SPE-based electrochemical 

sensor is a potential candidate for real sample analysis with good long-term stability, selectivity, 

and repeatability. 

Table 2. Determination results of PCM in pharmaceutical samples (n = 3). 

Sample 
Nominal value 

(μM) 
Found (μM) Recovery (%) RSD (%)

n
 

Hapacol (80 mg) 

10 7.08 76.1 5.5 

30 28.12 94.2 3.4 

50 41.15 83.1 1.2 

 

Efferagan (500 mg) 

10 9.02 91.9 1.5 

30 27.47 92.1 1.9 

50 42.64 85.9 0.6 

To examine the practical application of electrochemical sensors using ZnCo2O4/SPE-based 

electrodes in pharmaceutical samples, the concentration of PCM in two kinds of drug samples 

(1) powder drug (Hapacol 80 mg) and (2) tablet drug (Efferagan 500 mg) was determined. The 

results of the analysis are presented in Table 2. The ZCO-based electrochemical sensor showed 

recoveries ranging from 76.1 to 94.2 % with RSD values of 3.2 % or less (n = 3). This result 

proves that the electrochemical sensor based on ZnCo2O4 nanosheets has practical applications 

for determining PCM in powder and tablet drug samples. 
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4. CONCLUSIONS 

In this study, we have reported a simple and rapid technique for the synthesis of ZnCo2O4 

nanosheets via microwave-assisted hydrothermal method. The synthesized ZnCo2O4 exhibits a 

single phase, good crystallinity and has a morphology similar to nanosheet arrays with a 

thickness of about 15 nm. The ZnCo2O4 nanosheets showed outstanding electrochemical 

characteristics with a larger electroactive surface area and lower electron transfer resistance 

compared with pure SPE. Besides, ZnCo2O4 also exhibited excellent electrocatalytic activity for 

the redox process of paracetamol, enabling the electrocatalytic detection of PCM at low 

overpotential. Under optimized conditions, the ZCO-based electrochemical sensor responded 

linearly to PCM in the range from 0.5 to 100 μM with a low detection limit of 0.19 µM and high 

electrochemical sensitivity of 4.27 μA.μM
-1

cm
-2

. Furthermore, the designed sensor exhibited a 

good stability, high repeatability, and practical applicability for analyzing pharmaceutical 

samples with acceptable recoveries. From the results obtained, it is evident that ZnCo2O4 with its 

unique 2D structure could be a potential candidate for electrochemical sensing applications in 

pharmaceutical analysis. 
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