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Abstract- In the present study, a highly sensitive electrochemical sensor was developed for the 
trace analysis of paracetamol using voltammetric techniques. The electrochemical redox 
behavior of paracetamol was investigated by Fe3O4@SiO2 on surface of GCE using drop 
casting technique. It showed a supreme electrocatalytic activity at pH 5.5 in 0.1 M PBS. The 
surface morphology of Fe3O4@SiO2 was studied using SEM and FT-IR. The effect of sweep 
rate, pH and concentration of paracetamol were investigated. The oxidative peak current of 
paracetamol was increased linearly while increasing its concentration from 0.8-24 nM and the 
LOD and LOQ were found to be as low as 4.88 nM (S/N=3) and 19 nM respectively, which is 
found to be much sensitive than many methods reported in the literature. DPV technique was 
used for the simultaneous detection of paracetamol in presence of etilefrine and dopamine. 
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1. INTRODUCTION  

Acetaminophen (N-acetyl p-amino phenol) is commonly known as paracetamol (PAR). It 
is a part of the class of drugs known as Aniline Analgesics. The antipyretic and analgesic 
[1,2] effect of PAR is similar to aspirin but PAR is preferred for the patients who are sensitive 
to acetyl salicylic acid [3]. It is also used to get relief from back aches, muscular aches, 
migraine, neuralgia, osteoarthritis therapy and protect against ovarian cancer [4-9]. It is not 
considered as carcinogenic in therapeutic doses because it is completely metabolized to form 
inactive metabolites which could be excreted through urine [10] but in high doses its toxicity 
may cause Hepatotoxicity and Nephrotoxicity [11] leading to potential organ damage. The U.S 
FDA (Food and Drug Administration) issued a warning about PAR on August 2, 2013 stating 
that the PAR can cause skin reactions such as Stevens - Johnson syndrome and toxic epidermal 
necrolysis and inflammation of the pancreas [12,13]. In the United States around 2000 cases 
of acute liver failure occur annually and almost 60% of them is due to the over dosage of PAR 
[14]. 

Etilefrine Hydrochloride acts as a vasopressin agent/ antihypotensive agent. It is a 
sympathomimetric amine of 3-hydroxy phenyl with low affinity for α and β2 (adreno) receptors 
and high affinity for β1 (cardiac) receptors. It has a wide spectrum effects on central and 
peripheral hemodynamics [15,16]. Due to overdose it may cause hypertension, heart failure 
and priapism is a common complication of sickle cell disease that could lead to erectile 
dysfunction and psychological problems [17-19]. It acts as a stimulant so the World Anti-
Doping Agency (WADA) prohibited the ET in Games under the specified stimulant section 
[20]. Dopamine (DA) is the crucial catecholamine neurotransmitter belongs to the family of 
excitatory chemical neurotransmitters [21]. It plays a crucial physiological role in Central 
Nervous, hormonal, renal and cardiovascular system. The decrease in the concentration of DA 
may cause neurological disorders like schizophrenia, parkinson’s disease [22]. So the DA has 
given greater importance in biomedical and analytical investigation. 

Usage of PAR and DA, ET above the therapeutic dosage levels can cause adverse effects. 
Therefore to monitor the concentration levels of these drugs is of high demand. Several 
methods were used for the detection of PAR and DA such as trimetry, spectrophotometry, 
HPLC, mass spectrometry, spectroflourimetry, caplillary electrophoresis [23-27]. Except 
electrochemical techniques all other techniques require early laborious extraction process, time 
consuming and expensive process. Electrochemical modifiers are used for the detection of PAR 
due to its low cost, time saving, sensitivity and selectivity. PAR interfere with DA so it is quite 
desirable to develop a modified electrode to resolve the two competing signals. Nowadays 
nanonmaterials were widely used as modifiers in electrochemical sensors [28-31]. They 
showed an excellent electrocatalytic activity, enhanced electron transfer, and it also provides 
large edge plane/basal plane ratios, rapid kinetics of electrode process and good antifouling 
properties. Fe3O4 nanoparticles are used as modifiers due to its magnetic responsivity and large 
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surface area. The SiO2 layer can enhance the storage stability and of nanoparticles in solution. 
The large number of -OH groups on SiO2 can make suitable sites for the modification. 

The main objective of the present study is the preparation and characterization of GCE 
modified with Fe3O4@SiO2 and the sensor was tested for the determination of PAR  
(Scheme 1) in presence of DA and ET. The developed sensor is tested for the detection of PAR 
in pharmaceutical and human urine samples. 
 

2. EXPERIMENTAL 

2.1. Reagents and solutions                                                                                             

All chemicals used were of analytical grade with purity of ≥98%. All solutions were 
prepared using ultrapure water of resistivity of ≥18.8 M Ω cm provided by a Milli-Q-system. 
Paracetamol (PAR), Etilefrine Hydrochloride (ET), Dopamine Hydrochloride (DA), NaH2PO4, 
Na2HPO4, FeCl3.6H2O, NaNO3, NaOH, H2SO4, C2H5OH, NH3 Solution, Argon gas, tetraethyl 
orthosilicate (TEOS), were supplied by Himedia Laboratories Pvt. Limited, Mumbai. 
Phosphate Buffer Solution (PBS) was prepared as per the literature with 0.1 M NaH2PO4 and 
0.1 M Na2HPO4 solution with Millipore water. The paracetamol (600 mg/5 mL), Dopamine 
hydrochloride injection (200 mg/5 mL) and Effotril (5 mg) injections were purchased from 
Medplus, Tirupati. The injection samples of 1 ml were diluted to PBS at pH 5.5 
 
2.2. Apparatus 

All electrochemical experiments were carried out using CH-Instrument Model CHI610D 
(USA) potentiostat/galvanostat controlled with software. The voltammetric analysis were 
carried out using conventional three electrode cell where an Ag/AgCl (3.0 molL-1 KCl) 
electrodes act as a reference electrode, a platinum wire as a counter electrode and a GCE 
(Ø=3.O mm) and Fe3O4@SiO2/GCE as a working electrode. The pH of the solution is measured 
using an Elico Li 120 pH meter. The FT-IR spectrometer from Perkin Elmer spectrum TwoTM 
in the range 500-4000 cm-1 was used for IR studies .The scanning electron microscopy (SEM), 
images were obtained from Carl Zeiss Model with EVOMA15.  

 
2.3. Synthesis of Fe3O4@SiO2 

A hydrothermal method was used for the synthesis of Fe3O4 Magnetic nanoparticles 
(MNP). Solution A is prepared using 1 mL of 1 M sulphuric acid and 13.9 gm of FeCl3. 
FeCl3.6H2O were dissolved in 100 mL of distilled water and the solution is filtered. Solution 
B is prepared in a 3 necked round bottom flask, 10 g of sodium nitrate and 3 g of sodium 
hydroxide were dissolved in 250 ml of distilled water. The mixture was degassed using argon 
gas and heated to 90 °C and kept for 30 min on water bath and the mixture was cooled to room 
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temperature. In to this mixture, solution A is added slowly with a constant flow of Ar gas. After 
30 min black colored precipitate was formed. The temperature was raised again to 90 °C for 4 
hours and the black MNP was collected. The MNP, were washed several times with ethanol 
and then dried in a vacuum evaporator. The stober [32] sol gel method was used to coat these 
produced MNP with SiO2 layer. In this process, 1 g of MNP powder was washed with 0.1 M 
NaOH solution and dispersed in a mixture of ethanol (80 mL) and water (20 mL) by 
ultrasonication for 60 min. Then, 1 mL of ammonia solution and 0.1 mL of tetraethyl 
orthosilicate (TEOS) were added into the above solution. Further, the sonication was continued 
for an hour and the product (Fe3O4@SiO2) was collected by a magnet. The particles are washed 
3-4 times repeatedly with Millipore water. The obtained sediment was dried at 45 °C under 
vacuum for 12 h. 
 

 
 
Scheme 1. Synthesis of Fe3O4@SiO2 nanoparticles and the preparation of modified electrode 
Fe3O4@SiO2 /GCE by drop casting technique 
 

2.4. Preparation of the Fe3O4@SiO2 /GCE 

         Initially the GCE was polished with 0.05, 0.3 and 1.0 µm alumina micro particles on a 
polishing cloth and then ultrasonically cleaned with ethyl alcohol and rinsed with distilled 
water. 5 mg of Fe3O4@SiO2 powder was dispersed in 5 ml of deionized water and 5 mL of 
Nafion solution and then ultrasonicated for 15 min. By drop casting technique the 5 µL of 
Fe3O4@SiO2 dispersion is deposited on GCE surface and then allowed it to dry at room 
temperature. 
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3. RESULTS AND DISCUSSION 

3.1. Characterization of Fe3O4@SiO2 SEM and FT-IR 

The morphology of the synthesized silica coated magnetite nanoparticles is explained using 
SEM. Fig. 1a, SEM images revealed successful coating of black color Fe3O4 core with ash 
color SiO2 shell. 

Fig. 1b shows the FTIR spectrum of silica coated magnetite nanoparticles.  It reveals strong 
OH-stretching (3332 cm−1) and bending (1631 cm−1) vibrations of physically adsorbed H2O 
and the stretching vibrations (1047 cm−1) of OH-groups on oxides (Si−OH). The results denotes 
that the silica coated magnetite nanoparticles have high adsorption capabilities to H2O and 
hydroxyl groups present on their surfaces peak at the wave number about 1100 cm-1 
corresponds to the asymmetric vibration of Si–O–Si. Whereas, the bands at about 800 and 460 
cm-1 can be attributed to the symmetric stretching and the deformation modes of Si–O–Si, 
respectively.  
 

 
(a) 

 

 
(b) 

Fig. 1. (a) SEM images of Fe3O4@SiO2 Nanoparticles; (b) FT-IR spectrum of Fe3O4@SiO2 
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3.2. Electrochemical behavior of PAR on GCE& Fe3O4@SiO2 /GCE 

Fig. 2 depicts the cyclic voltammogram of 0.025 mM PAR on the bare GCE in0.1 M PBS 
solution at pH 5.5 at the scan rate of 50 mVs-1 exhibited a relatively weak anodic peak  
(curve a) at a potential of 0.58 V. By modifying the GCE with Fe3O4@SiO2 (curve b) the anodic 
peak potentials were shifted to 0.59 V. The anodic peak currents were observed at 15 and 55 
µA for GCE and Fe3O4@SiO2/GCE respectively. The peak separation between anodic and 
cathodic peak was also reduced with Fe3O4@SiO2/GCE. Compared to GCE the 
Fe3O4@SiO2/GCE showed a 3 fold increase in both cathodic and anodic current of PAR was 
observed. The distance between oxidation and reduction peaks is reduced. 

Fe3O4 nanoparticles show poor chemical stability and unstable dispersion properties. In 
addition to this SiO2 layer will enhance the storage stability and dispersible of nanoparticles in 
the solution. The large number of -OH groups on SiO2 can make sites for the modification to 
increase high electron transfer and also surface area of the nanocomposite. The surface area of 
the electrode is calculated using Randles-Sevcik equation [33]. 

𝑖𝑖𝑝𝑝   = (2.69 𝑋𝑋 105 ) 𝑛𝑛3/2  𝐴𝐴 𝐷𝐷0𝜗𝜗1/2𝐶𝐶𝑂𝑂           

𝑖𝑖𝑝𝑝   = peak current, 𝑛𝑛 = number of electron transferred, 𝐴𝐴 = electrode area (cm2),  𝐷𝐷0 = diffusion 
coefficient (cm2/sec), 𝜗𝜗 = scan rate (V/sec), 𝐶𝐶𝑂𝑂= concentration (moles/cm2).The active surface 
area for the GCE and Fe3O4@SiO2/GCE is 0.06 cm2 and 0.12 cm2 respectively. From the 
results, it can be concluded that the electrochemical response for the detection of PAR is 
significantly influenced by the modification on the GCE surface, indeed the combination of 
Fe3O4@SiO2 allowed an increase in the electro active surface area compared to GCE surface 
area. 

 
Fig. 2. Cyclic voltammogram of bare GCE (curve a) and Fe3O4@SiO2/GCE (curve b) using 
0.025 mM PAR in PBS at pH 5.5 with scan rate of 50 mVs-1 

mailto:Fe3O4@SiO2/GCE%20is%200.14cm2%20and%200.88cm2.From
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3.3. Effect of Scan Rate on Fe3O4@SiO2/GCE: 

Fig. 3a shows the CV response of the Fe3O4@SiO2/GCE electrode in the presence of 0.025 
mM PAR in 0.1 M PBS at pH 5.5 was studied by varying the scan rates from 50-500 mVs-1. It 
is found that the redox peak currents were increased linearly with the scan rates. Fig. 3b 
explains the calibration equations are as follow 
𝐼𝐼𝑝𝑝𝑝𝑝 (𝜇𝜇𝐴𝐴) = 0.5886 + 31.898(𝑅𝑅2 = 0.9990) 
𝐼𝐼𝑝𝑝𝑝𝑝 (𝜇𝜇𝐴𝐴) =  −0.2919 + 23.341(𝑅𝑅2 = 0.9983). 

The above results suggest that the electron transfer at PAR at Fe3O4@SiO2/GCE is an 
adsorption controlled process. The redox peak potential increases with the increase in the scan 
rate, suggesting a quasi-reversible process. Fig. 3c, 3d the linear regression equations of Epa 
and Epc vs. the logarithm of scan rates are expressed as  

𝐸𝐸𝑝𝑝𝑝𝑝 = 0.1928 𝑋𝑋 + 0.18878(𝑅𝑅2 = 0.993) 
𝐸𝐸𝑝𝑝𝑝𝑝 = 0.1055 𝑋𝑋 + 0.7797(𝑅𝑅2 = 0.992) 

The electrons transferred number (n), heterogenous rate constant (Ks) are calculated using 
the following Laviron’s equation [34].  

𝐿𝐿𝐿𝐿𝐿𝐿𝐾𝐾𝑆𝑆 = 𝛼𝛼 log(1 − 𝛼𝛼) + (1 − 𝛼𝛼)𝑙𝑙𝐿𝐿𝐿𝐿𝛼𝛼 − 𝑙𝑙𝐿𝐿𝐿𝐿 � 𝑅𝑅𝑅𝑅
𝑛𝑛𝑛𝑛𝑛𝑛

�𝛼𝛼(1 − 𝛼𝛼)𝑛𝑛𝑛𝑛∆𝐸𝐸𝑃𝑃 /2.3𝑅𝑅𝑅𝑅                          

By assuming α as 0.3 the n value is calculated as 1.49 and the log Ks Value is 3.36, which 
means that about 2 electrons are involved in the reaction of PAR [35]. 

 

 
Fig. 3. (a) CV for Fe3O4@SiO2/GCE using 0.025 mM PAR in PBS at pH 5.5 with various scan 
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rate of 50, 100, 150, 200, 250, 300, 350, 400, 450, 500 mVs-1; (b) Calibration plots of both Ipa 
and Ipc vs. Scan rates from 50-500 mVs-1; (c) Calibration plots of both Epa and Epc vs. log V 
with scan rates from 50-500 mVs-1; (d) Calibration plots of both Epa and Epc vs. log V with scan 
rates from 250-500 mVs-1 
 

3.4. Effect of pH on Fe3O4@SiO2/GCE: 

      In electrochemical reaction, pH plays an important role. Fig. 4a displays the CV response 
of 0.1 M PBS solution containing 0.01 M of PAR with the pH range from 5.5 to 8.0, the highest 
redox peak currents is observed with Fe3O4@SiO2/GCE electrode at pH 5.5. According to 
linear regression equation between the Epa vs. pH. Fig. 4b 𝐸𝐸𝑝𝑝𝑝𝑝 = 0.05029 𝑋𝑋 + 0.9009(𝑅𝑅2 =
0.9808) the slope obtained is nearer to the Nernstian value of 59 mV per pH, indicating that 
overall process involves the transfer of equal number of protons and electrons [36]. According 
to this the PAR is oxidized to N-acetyl p-quinoneimine after exchange of two electrons and 
two protons. (Scheme 2) The present study reveals that the electrochemical oxidation of PAR 
at Fe3O4@SiO2/GCE was a pH dependent process.  

 
Fig. 4. (a) Cyclic Voltammogram for Fe3O4@SiO2/GCE using 0.01 mM PAR in PBS solution 
with pH value of 5.5 to 8.0 with scan rate of 50 mVs-1; (b) A plot of PAR oxidation peak 
currents vs. pH (5.5-8.0) and formal potential Vs pH (5.5-8) at scan rate 50 mVs-1 
 

 
 

Scheme 2. Electrochemical oxidation of PAR 
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3.5. Electrochemical determination of PAR 

DPV technique was used for the electrochemical determination of PAR. Fig. 5 displays the 
DPV response for the addition of concentration of PAR from 0.2 to 24 nM, where the oxidation 
peak current is increased linearly with the increase in the concentration of PAR to the 0.1 M 
PBS at pH 5.5.The linear regression equation for oxidation peak of PAR vs. concentration is 
shown in the Inset of Fig. 5 𝐼𝐼𝑝𝑝𝑝𝑝 (𝜇𝜇𝐴𝐴) = 0.0562 𝑋𝑋 (𝜇𝜇𝜇𝜇) + 71.01(𝑅𝑅2 = 0.996).The limit of 
detection and limit of quantification is calculated using the formulae [37,38]: 

𝐿𝐿𝐿𝐿𝐷𝐷 = 3𝑠𝑠/𝜇𝜇 
𝐿𝐿𝐿𝐿𝐿𝐿 = 10𝑠𝑠/𝜇𝜇       

where 𝑠𝑠 is the standard deviation of blank and 𝜇𝜇 is the slope obtained from the calibration 
plots. The LOD and LOQ were calculated as 4.88 nM and 19 nM respectively.  
 

 

 
 
Fig. 5. DPV recorded for Fe3O4@SiO2 /GCE by the addition of PAR for various concentrations 
of 0.8, 1.3, 2.5, 3.8, 4.6, 5.5 and 7.8 nM at pH 5.5 of PBS. Insets show the calibration plot of 
Ipa vs. concentration of PAR 
 
Table 1 shows the comparison of the detection limits of the present work with similar reports 
in the literature. 
 

3.6. Simultaneous determination of PAR in presence of ET and DA 

DPV technique was used for the simultaneous determination because of its selectivity and 
sensitivity in very low concentration of the analyte.  
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Table 1. Comparison of the Fe3O4@SiO2/GCE with other electrodes for sensing of PAR 
 

 Electrodes Technique Detection limit Refs. 
     

 Lt/fMWCNT/MGCE DPV 780×10-9 [39] 

 CoFe2O4/GR/CPE SWV 25×10-6 [40] 

 Psi/PdNSCNTPE DPV 400×10-9 [41] 

 Covalent/LBL DPV 92×10-9 [42] 

 CMWCNTS/GCE    

 NiONPS-GO- SWADASV 6.7×10-9 [43] 

 CTS:EPH/GCE    

 NCDs/GCE DPV 157×10-9 [44] 

 Pd-Ag/rGO/GCE DPV 3.26×10-9 [45] 

 Fe3O4@SiO2/GCE DPV 4.8×10-9 [Present Work] 

 

 

 
 
Fig. 6. DPV for GCE (dotted line) and Fe3O4@SiO2/GCE (solid line) by the addition of DA, 
PAR, and ET concentration at pH 5.5 of 0.1 M PBS 
 

Fig. 6 represents the DPV for the simultaneous determination of DA, PAR, and ET in 
presence of bare and Fe3O4@SiO2/GCE modified electrode. The bare GCE (dotted line) 
showed an unresolved broad oxidation peak potential for PAR & ET at 509 mV and DA at 302 
mV and in contrast to this the modified electrode Fe3O4@SiO2/GCE modified electrode. The 
(solid line) completely resolved the overlapping in to three well defined peaks at 512, 681 and 
193 mV for PAR, ET and DA respectively. Fig. 7a shows the DPV response for the solution 

mailto:Fe3O4@SiO2/GCE%20modified%20electrode.The
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containing different concentrations of PAR, ET and DA. The peak currents increase linearly 
with the increment of the concentrations with a peak separation of 41 and 170 mV for PAR-
ET and PAR-DA respectively. Fig. 7b DA it is 𝐼𝐼𝑝𝑝𝑝𝑝 (𝜇𝜇𝐴𝐴) = 1.4335 X (𝜇𝜇𝜇𝜇) + 117 (𝑅𝑅2 =
0.975) with LDR 0.4 to 3.5 µM. Fig. 7c The linear regression equation obtained for PAR is 
𝐼𝐼𝑝𝑝𝑝𝑝 (𝜇𝜇𝐴𝐴) = 0.47556 X (𝜇𝜇𝜇𝜇) + 110.9, (𝑅𝑅2 = 0.973) with a linear dynamic range of 4.1 to 32 
µM and Fig. 7 (d) ET is 𝐼𝐼𝑝𝑝𝑝𝑝 (𝜇𝜇𝐴𝐴) = 0.9670 𝑋𝑋 (𝜇𝜇𝜇𝜇) + 106.7, (𝑅𝑅2 = 0.993) with a  LDR 4.1 
to 32 µM . The LOD was found to be 2, 6 and 6.2 µM, respectively. 
 

 
 
Fig. 7. (a) DPV for simultaneous determination of DA, PAR and ET at different concentration 
using Fe3O4@SiO2/GCE electrode at PBS (pH 5.5); (b) Calibration plot for Ipa vs. concentration 
of DA; (c) Calibration plot for Ipa vs. concentration of PAR; (d) calibration plot for Ipa vs. 
concentration of ET 

 

3.7. Analytical application of Fe3O4@SiO2/GCE 

To evaluate the practical utility of the Fe3O4@SiO2/GCE electrode was applied for the 
simultaneous analysis of PAR, DA and ET in injection samples.  

Table 2 shows the electrochemical response of Fe3O4@SiO2/GCE electrode for the spiked 
standard solution of PAR, DA and ET in human urine and injection samples were recorded in 



Anal. Bioanal. Electrochem., Vol. 11, No. 10, 2019, 1452-1466                                         1463 
 

DPV with good recovery of 95-102%. The Fe3O4@SiO2/GCE electrode is a good reliable 
sensing platform with superior sensitivity for bioclinical analysis. 

 
Table 2. Simultaneous determination of PAR, DA and ET in human urine and injection 
samples using Fe3O4@SiO2/GCE modified electrode 
 

Drug Sample Spiked (µM) Found (µM) Recovery 
 
DA 

 
Pharmaceutical Injection 

 
100 

 
96.7 

 
96.7 

  200 191 95.5 
  300 297.5 99.1 
 Human urine 100 102.6 102.6 
  200 197.6 98.8 
  300 288.5 96.1 

 
PAR Pharmaceutical Injection 100 98.5 98.5 
  200 199 99.5 
  300 300 100.0 
 Human urine 100 95 95.0 
  200 191.2 95.6 
  300 305 101.6 

 
ET Pharmaceutical Injection 100 98.2 98.2 
  200 200 100.0 
  300 301.5 100.5 
 Human urine 100 95 95.0 
  200 192 96.0 
  300 291.2 97.0 

 
 

3.8. Repeatability, reproducibility and stability 

In order to investigate the practical effectiveness of the developed sensor 
Fe3O4@SiO2/GCE it is necessary to investigate the repeatability, reproducibility and stability. 
For this reason we have performed 10 successive cyclic voltammograms for 0.025 mM of PAR 
in 0.1 M at pH 5.5 and the corresponding peak currents were measured. Fig. 8 shows the 
oxidation peak currents of different CV are almost similar with good repeatability nature. In 
order to test the reproducible nature we have developed the sensor for 5 with almost similar 
results reveal that the sensor has good reproducible nature. In order to investigate the long term 
stability of Fe3O4@SiO2/GCE, electrochemical experiments were performed repeatedly for 
alternate days in a week. From results, it was observed that there is no significant change in 
anodic peak currents indicating the fabricated electrode is with good stability.  
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Fig. 8. The bar diagram between the repeatable measurements and corresponding peak currents 
 

4. CONCLUSION 

In the present work, Fe3O4@SiO2/GCE is fabricated and utilized for the simultaneous 
quantitative analysis of paracetamol in presence of etilefrine & dopamine. The scan rate shows 
that the process is an adsorption controlled process. The applicability of the developed sensor 
was tested by analyzing the pharmaceutical injections and human urine samples with agreeable 
results. A very low detection limit of 4.88 nM was obtained. The developed sensor exhibited 
high sensitive and selective for the detection of paracetamol. It also showed superior stability 
and reproducibility and repeatability. 
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