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In this research, carbon paste electrode (CPE) was modified with carbon nanotube (CNT) and poly(3-
aminophenol) and the modified electrode was used for voltammetric determination of paracetamol.
The CNT used to modify CPE was synthesized using spray pyrolysis technique and characterized
using Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), and Energy
Dispersive X-Ray (EDX) techniques. Modification of CPE was conducted firstly by dispersing CNT
on the surface of CPE from its N,N-Dimethil fomamide (DMF) suspension and then CNT was trapped
in poly(3-aminophenol) through electropolymerization of 3-aminophenol on the surface of CPE.
Characterization of the modified electrode was conducted with squarewave voltammetry (SWV)
technique. Oxidation peak of paracetamol was 450 mV vs Ag/AgCIl(3 M NaCl). Oxidation current of
paracetamol obtained with the modified CPE was significantly higher than that obtained with bare
CPE. The best calibration curve for paracetamol was in the concentration range of 10> M — 10 M
with limit of detection (30) of 1,1 uM. Results of paracetamol determination in real sample with the
modified electrode were in good agreement with those of HPLC method.

Keywords: voltammetry , carbon paste, carbon nanotube, 3-aminophenol, paracetamol

1. INTRODUCTION

Paracetamol, which is also known as acetaminophen has been used as an analgesic for home
medication for almost 40 years. Because it is effective to relief pain and fever, it is used as a major
ingredient in many cold and flu medication. In many countries, paracetamol has been used as
alternative to aspirin. Due to its wide availability, cases of overdoses are not uncommon. In normal
doses, paracetamol is safe because it is metabolized very fast. However, at higher doses it can produce
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toxic metabolites accumulation that causes hepatocyte death. Therefore it is very important to develop
effective analytical methods for paracetamol analysis. Many analytical methods have been developed
for quality control purposes,[1] including titration[2-7], spectrophotometry[8-14], near infra red
spectroscopy[15-17], and chromatography.[18-22]

Recently voltammetric method has been widely used for paracetamol determination. Modified
working electrodes were developed for this purposes to improve selectivity and sensitivity of the
determination.[23-34] Conducting polymer modified electrode is one of many successful methods to
improve selectivity of analysis and has been used for paracetamol determination.[29,30] On the other
hand, many researchers have shown that carbon nanotube (CNT) can be used to improve sensitivity of
paracetamol analysis.[31-34] In this research, we developed a carbon paste electrode (CPE) modified
with CNT and poly(3-aminophenol) to improve sensitivity of paracetamol determination. On the
surface of CPE, CNT was trapped in poly(3-aminophenol) through electropolymerization of 3-
aminophenol.

2. EXPERIMENTAL

2.1. Apparatus and Procedures

Voltammetric measurements were conducted using BASi Epsilon Electrochemical analyzer. A
conventional three-electrode system was used for all electrochemical measurements with a modified
carbon paste as working electrode, a platinum (Pt) wire as auxiliary electrode and a Ag/AgCI (NaCl 3
M) as reference electrode. Cyclic voltammetry (CV) and squarewave voltammetry (SWV) technique
was use in this study and the measurements were conducted in a home made 10 mL glass cell.
Nitrogen gas was used to expel dissolved oxygen in solution before each measurement was conducted.

2.2. Chemicals

Except carbon nanotubes, all chemicals used in this study were of analytical grade (Merck or
Sigma Aldrich) and were used without further purification. Carbon nanotubes were made using spray
pyrolysis method with three heating panels having temperature of 400°C, 700°C and 400°C,
respectively. Raw materials used in CNT synthesis were benzene containing a certain amount of
ferrocene as catalyst. The carbon nanotubes produced were used for electrode modification without
further purification. Deionized water was used as solvent for all measured solution.

2.3. Preparation of working electrode

Carbon paste was prepared by thoroughly homogenizing mixture of graphite and solid paraffin
with ratio of 7:3 on watch glass while they were heated at 80 °C on a hotplate. The mixtures were
packed in cylindrical electrode holder and the electrical contact was established with a copper rod to
produce bare carbon paste electrode (CPE). The CPE was modified in two steps. In the first step, a
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certain amount of CNT suspension in N,N-dimethylformamde (DMF) was dropped on the surface of
CPE. After all DMF solvent evaporated, the second step was conducted. In the second step 3-
aminophenol was electropolymerize using cyclic voltammetry technique in a voltammetric cell
containing 25 mM 3-aminophenol in phosphate buffer solution of pH 7.0. To polymerize 3-
aminophenol, ten cycles of cylic voltammetry were conducted in the potential range of 200 mV — 1200
mV with scan rate of 5 mV/s.

3. RESULTS & DISCUSSION

3.1. Characterization of Carbon Nanotube

Figure 2. TEM image of carbon nanotube

Carbon nanotubes obtained from spray pirolysis process were in the form of black powder. No
further purification was conducted before characterization. EDX analysis showed that the sample still
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contains iron residue (15 + 11%) from catalyst used in the synthesis. SEM images (Figure 1) show that
carbon nanotubes are formed from spray pirolysis process.

TEM image confirm the formation of carbon nanotube having average diameter around 28 nm
(Figure 2). No conclusion can be drawn from the data about the type of CNT. The CNT was used
without further purification.

3.2. Electropolymerization

Electropolymerization of 3-aminophenol was conducted using cyclic voltammetry technique.
Ten cycles of potential scan between 200 mV and 1200 mV were used in electropolymerization
process. The cyclic voltammograms (CVs) of the polymerization process is given in Figure 3. The first
cycle has a sharp peak at 400 mV due to oxidation of 3-aminophenol monomer. As the oxidation
proceed, the oxidize monomers were combined to form poly(3-aminophenol) covering the surface of
CNT modified CPE. The peak at 400 mV disappears at the second cycle and the oxidation current is
lower compare to that of first cycle. Oxidation current at further cycles was relatively constant due to
propagation of polymer chain. The CVs confirm formation of poly(3-aminophenol) on the surface of
the CNT modified electrode.
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Figure 3. Cyclic voltammogram for electropolymerization of 3-aminophenol from Phosphate buffer
solution (pH = 7.0) containing 25 mM 3-aminophenol

3.3. Effects of electrode modification

To study the effects of modification on electrode performance, squarewave voltammograms
(SWVs) of paracetamol oxidation were obtained using three types of working electrodes, namely bare
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carbon paste electrode (CPE), poly(3-aminophenol) modified carbon paste electrode (PCPE) and
carbon paste electrode modified with poly(3-aminophenol) and CNT (CNT-PCPE).
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Figure 4. Square wave voltammogram of 5 mM Paracetamol in PBS of pH 5.0 obtained from repeated
measurement using (A) CPE (B) PCPE and (C) CNT-PCPE
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The SWVs are shown in Figure 4. SWVs of paracetamol obtained using CPE (Figure 4A)
showed that the peak current decrease as the measurements were repeated using the same solution. The
peak current decrease significantly in the first seven runs and become constant after eight runs. Similar
trend was obtained using PCPE. However, peak currents were higher and consistent peaks were
obtained after four run (Figure 4B) showing that poly(3-aminophenol) layer improve electrode
performance. The peak currents obtained with PCPE were about three times higher than those of CPE.

A more consistent and higher peak current was obtained using CNT-PCPE (Figure 4C). The
peak currents obtained with CNT-PCPE were about twice as large as those obtained with PCPE
showing a significant improvement of measurement sensitivity due to CNT. These results are
consistent with those of CNT modified electrode developed in previous studies.[31-34] The
performance of CNT-PCPE is better than that of PCPE not only due to its sensitivity but also due to
the stability of peak currents obtained from repeated measurements. More consistent peak currents
were obtained using CNT-PCPE.

The sensitivity of CNT-PCPE depends on the amount of CNT used to modify CPE. In this
study, the highest sensitivity was found when CPE was modified with 40 uL of CNT suspension. In
addition, sensitivity of CNT-PCPE also depends on the pH of measured solution. Peak currents
increase as the pH of measured solution decrease. Similar results were also found in previous
study.[30] Therefore, further measurements will be conducted in solution containing phosphate buffer
solution (PBS) of pH 5.0 with CNT-PCPE modified with 40 puL of CNT suspension to obtain optimum
sensitivity.

3.4. Linear range and limit of detection

To verify linear relationship between peak current and paracetamol concentration, calibration
curves were made in three concentration ranges of paracetamol: (i) 0,01 — 0,1 mM, (ii) 0,1 — 1 mM and
(iii) 1 — 10 mM. In the last two concentration ranges, the oxidation peak currents increased relatively
linear to the increase of paracetamol concentration. The linier equations of the calibration curve in the
last two concentration ranges were: Ip(uA) = 26,2 C(mM) + 4,9 and Ip(uA) = 6,3 C(mM) + 25,9,
respectively, with correlation coefficient (R?) of 0.9910 and 0.9876, respectively. The slop of
calibration curve was larger at lower concentration range. On the other hand, the intercept of the curve
was closer to origin at lower concentration range. This suggests that calibration curve deviate from
linearity as the concentration of paracetamol increase, which is also indicated by the R? values. In both
concentration ranges, oxidation peak potentials shifted to more positive values as the concentration of
paracetamol increase because of adsorption processes on the surface of the electrode. The best
calibration curve was found in the concentration range of 0,01 mM — 0,1 mM. In this range of
concentration, the calibration curve was very linear with correlation coefficient (R?) of 0.9997 and
intercept very close to origin (Figure 5).
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Figure 5. Calibration curve of Paracetamol

No shift of oxidation peak potential was found in this concentration range (Figure 6). Limit of
detection (3c) was estimated to be 1.1 uM.
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Figure 6. Square wave voltammogram of paracetamol in concentration range of 0.01 mM —0.1 mM
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3.5. Real sample analysis

Reliability of CNT-PCPE for voltammetric determination of paracetamol was verified through
real sample analysis. Three drug samples containing paracetamol were used for this purpose. The
results obtained with voltammetric method were compared to those obtained with HPLC method
recommended in Farmakope Indonesia.[35] The results are summarized in Table 1.

Table 1. Results of Drug Analysis (n = 5)

Paracetamol concentrationn
Drug Sample Label Concentration | Voltammetry HPLC
A 500 mg/tablet 500,4 + 1,8 mg/tablet | 512,1 + 8,9 mg/tablet
B 500 mg/tablet 498,3 + 1,1 mg/tablet | 491,9 + 10,2 mg/tablet
C 120 mg/5 mL 122,2+ 0,4 mg/5mL | 118,5+ 3,0 mg/5 mL

Table 1 shows that the results of voltammetric method were in a good agreement with those of
HPLC method. A t-test (o« = 0,05) suggests that there were no significant differences between results
of voltammetric method and those of HPLC method. This suggests that CNT-PCPE can be used as
working electrode for a reliable voltammetric determination of paracetamol.

4. CONCLUSION

The results show that CNT can be trapped on the surface of CPE through electro-
polymerization of 3-aminophenol to produce CNT-PCPE. The performances of CNT-PCPE were
significantly better than those of CPE or PCPE because it exhibited a more sensitive and consistent
signals. Results of voltammetric determination of paracetamol in real sample were in good agreement
with those of HPLC methods proving that CNT-PCPE could be used as a good working electrode for
voltammetric determination of paracetamol.
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