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INTRODUCTION

Acetaminophen or paracetamol (PA) is a very important
drug because it is widely used for analgesics and antipyretics
[1]. In the application of the determination of levels of parace-
tamol in the pharmaceutical world is very important, because
the overdose of paracetamol can cause hepatic necrosis and other
poisoning effects. Throughout 2010 there were 4,300 emergency
room calls triggered by febrifuge drugs. Most are paracetamol
has 3000 cases, while the rest is ibuprofen has 1,300. Cases of
paracetamol overdose in children is always there at least once
a month, there is a liver damage, from mild to severe [2]. In
such phenomena it takes excellent techniques and equipment
for paracetamol detection. So far, various techniques have been
used to detect paracetamol such as HPLC [3], mass spectrometry
[4] and spectrophotometry [5].

The advantage of cyclic voltammetry is to provide suffi-
cient information about the thermodynamics of the redox process,
in the kinetics of heterogeneous electron transfer reactions and
chemical reactions such as rapid adsorption. In particular, it
can locate the rapid redox potential of electroactive species.
The voltammetric instruments in use using multiple electrodes
include working electrodes, comparative electrodes and auxi-
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liary electrodes. The study of this modified electrode is the
working electrode of this matter because the working electrode
plays an important role in the oxidation-reduction process directly
with the sample. One of the most commonly used electrode is
the carbon paste electrode. Carbon is one of the materials that
can be used as a working electrode in the field of electroanalis.
This is because the carbon electrodes have a fairly wide range
of potentials, good electrical conductivity, chemical inert, easy
to obtain, relatively low-cost and can be used as sensor applica-
tions [6]. In the manufacturing of a carbon paste electrode
using paraffin as an adhesive, where paraffin forms the physical
interaction with carbon and paraffin has insulator properties
so it will be able to inhibit the electron transfer process.

Based on the nature of the paraffin isolator it requires a
material that has better conductivity and larger surface area
than the carbon. A material having a better conductivity than
carbon with paraffin is a graphene oxide material with paraffin.
Graphene oxide is a derivative of a sheet-shaped carbon allotrope.
Graphene oxide has a conductivity value of 5000 W/mK [7]
with a surface area of 2630 m2/g [8] while the carbon has a
conductivity of 25-470 W/mK with a surface area of 1000-
2000 m2/g [9,10]. In Huang et al. [11], the difference in conduc-
tivity values between graphene/paraffin and graphene oxide/



paraffin was 0.488 (W/mK) and 0.506 (W/mK), respectively.
This indicates that graphene oxide material is a good material
for the manufacture of working electrodes on voltammetry.

In this study, graphene oxide electrode showed good para-
cetamol reduction peak. The proposed sensor showing high
sensitivity, selectivity with stable repetition and reproducibility.
The electrode has an excellent limit of dectection for parace-
tamol detection and good and practical detection in testing of
commercially available samples.

EXPERIMENTAL

Zinc powder, potassium permanganate, hydrochloric acid
37 % p.a, hydrogen peroxide 30 %, sulfuric acid 96 % v/v p.a,
phosphoric acid 85 % v/v p.a, aquademineral water, ethanol
96 % v/v p.a, disodium hydrogen phosphate p.a (Na2HPO4),
sodium dihydrogen phosphate dehydrate (NaH2PO4·2H2O),
potassium chloride were of analytical grades (Merck) and
paracetamol pharmaceutical grade. Graphite pencil faber-castel
2B and paraffin oil (Merck) were used to prepare carbon pastes.

Synthesis of graphene oxide: Graphene oxide were prepared
by improved hummer method [12,13] and characterized (FTIR,
PSA, XRD and SEM). For the reduction of graphene oxide,
this suspension in purified water (50 mg/50 mL) was added to
0.6 g of a zinc powder with 20 mL of hydrochloric acid 37 %.
After being stirred for 1 h, the solution was cooled down. Subse-
quently, it was centrifuged and the precipitates were washed
with deionized water and then dried at 60 °C in oven for 24 h.

All the electrochemical measurements were performed
using a 797 VA Computrace. A three-electrode cell was used
at 25 ± 1 °C. An Ag/AgCl (KCl, Sat.) electrode, a platinum
wire and a carbon paste electrode modified by graphene oxide
were used as reference, auxiliary and working electrodes
respectively. Fisherbrand accumet AE150 pH Benchtop Meter
was used for pH measurements.

Preparation of electrode: To obtain the best conditions
in the preparation of graphene oxide/paraffin oil, we applied
various ratio of graphene oxide and paraffin oil (5:5; 6:4;
7:5; 7.5; 2.5; 8:2). The maximum peak current intensity of
paracetamol could be obtained in the optimum condition. The
graphene oxide/paraffin was prepared by mixing graphene
oxide and paraffin oil using a mortar and pestle until a uniform
paste was prepared. This paste was then packed into the end of a
glass tube (about 15 cm long and 2.5 mm i.d.). A copper wire
inserted into the carbon paste provided an electrical contact. When
necessary, a new surface was obtained by pushing an excess of
the paste out of the tube and polishing it with a weighing paper.

RESULTS AND DISCUSSION

Graphene oxide electrode composition: The electrode
composition was made with some variation between graphene
oxide and paraffin oil in several comparisons to find out the
working electrode composition which gave the best results
for paracetamol analysis. The method on voltammetry used to
determine the optimum composition of the working electrode
using cyclic voltammetry. The optimum composition of the
working electrode was obtained by comparing the voltammo-
gram generated from several compositions, selected electrodes
having high peak oxidation and narrow reduction reactions.

Paracetamol measurements at pH 6 with a concentration
of 50 ppm were performed at a potential difference range of
-2 to 1 volt with a scan rate of 100 mV/s. In the results of this
study, the values of Ipc and Ipa from each electrode composition
ratio have an increase in each comparison. This increase corres-
ponds to the nature of the material used for the manufacture
of electrodes, graphene oxide is conductor while the paraffin
is an insulator.

In this study, the optimum electrode composition was
obtained at 80 % graphene oxide and 20 % paraffin oil compo-
sition. This is because the 8:2 graphene oxide electrode has the
largest Ipc in comparison of the other electrode (Fig. 1). The
working electrode of graphene oxide with paraffin oil has a
peak of the paracetamol reduction reaction at a potential diffe-
rence of -1.0657. Voltamogram of the working electrode graphene
oxide with paraffin oil of various compositions is shown in
Fig. 1 processed in originpro 8.5.
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Fig. 1. Cyclic voltammogram of a 0.1 M phosphate buffer solution (pH =
6.0) containing 50 ppm of paracetamol and 5000 ppm potassium
chloride at various composite graphene oxides. In all the cases, the
scane rate is 100 mV s-1

Optimum pH: On measurement of paracetamol using
voltammetric method influenced by pH [14]. This is because
on the surface of the graphene oxide electrode, the paracetamol
is oxidized to produce H+ which can affect the pH of the
solution. The changes in pH may affect the reduction potential
of paracetamol. It can also influence the relationship between
the diffusion current to the concentration to be nonlinear.
Selection of pH variation based on pKa from acidic paracetamol.
Measurement of the mixed solution at a potential difference
of -2 to 1 volt with a 10 s deposition time and scan rate of 0.1 V/s.
The results obtained from the cyclic voltammetric measure-
ments were processed using originpro 8.5 so that a voltammo-
gram was produced (Fig. 2).

In the voltammogram, Fig. 2 shows that the graphene
oxide electrode is capable of oxidizing paracetamol to N-acetyl-
para-quinoneimine and reducing N-acetyl-para-quinone imine
to paracetamol characterized by a peak at the anode and cathode.
The oxidation reaction of the parasetamol is shown in Fig. 3.
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Fig. 2. Cyclic voltammogram at graphene oxide in 0.1 M phosphate buffer
solution (pH = 6.0) at a different pHs containing 50 ppm of
paracetamol and 5000 ppm potassium chloride. In all the cases, the
scane rate is 100 mV s-1

N
H

O
OH

Oxidation

N

O
O

Acetaminophen N-acetyl-p-quinoneimine

+ 2H+  +  2e

Fig. 3. Oxidation reaction of paracetamol on the surface of the graphene
oxide electrode

The result of the voltammogram (Fig. 2) shows at pH 6
the paracetamol has the lagerst oxidation and reduction. The
amount of oxidation and reduction is indicated by the large
reducing and oxidation current values compared to the others.

Optimum deposition time: The deposition time is the
time which takes the analyte to settle on the surface of  graphene
oxide electrode. The effect of deposition time can be observed
by measuring the flow of paracetamol on graphene oxide
electrode.

Fig. 4 shows that the deposition time of paracetamol is 5
seconds. The results obtained in this study have the same value
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Fig. 4. Voltamogram of paracetamol 50 ppm in pH 6 buffer phosphate at
scan rate of 0.1 V s–1 with various deposition time

in the reported by Cheemalapati et al. [15]. In graphene oxide
electrode with a ratio of 8:2, has a 5 s deposition time for parace-
tamol analyte used for further measurement.

Optimum scan rate: The optimum scan rate measure-
ment is done by manipulating scan rates ranging from 100,
200, 300, 400 and 500 mV/s. In a voltammetric cell there were
mixed solutions of 10 mL of 50 ppm paracetamol solution, 10
mL of 5000 ppm KCl solution and 5 mL of buffer phosphate
solution. Measurements were carried out by cyclic voltam-
metry with a 5 s deposition time using a graphene oxide elec-
trode of 8:2. The result of measurement on voltammetry is
processed using originpro 8.5 which produces voltammogram
in Fig. 5.
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Fig. 5. Cyclic voltamogram at graphene oxide in 0. 1 M phosphate buffer
solution (pH = 6.0) at a different scan rates. The scan rates from
inner to outer are: 100 to 500 mV s-1. The solution contains 50 ppm
of paracetamol and 5000 ppm potassium chlor idea. In all the cases,
the scan rate is 100 mV s-1

The voltamogram of scan rate indicates that the greater
the scan rate the oxidation peak current and its reduction
increased. In this study, we observed an increase in scan rate
with peak current by making a graph between V1/2 with the
oxidation peak current which gives a linear relationship. The
linearity indicates that electron transfer of paracetamol solu-
tion at the surface of graphene oxide electrode is controlled
by diffusion.

Anodic peak current rise is particularly noticeable at 100-
200 mV/s which is significant compared to the other scan rate
increases. It shows that 200 mV/s is the optimum scan rate
used for further measurements.

At the scan rate can also be searched the type of mecha-
nism that occurs on the electrode surface by a comparison
between Ipa with Ipc. In this study, Ipc comparison between
Ipa with Ipc < 1 shows a reversible electrochemical reaction
mechanism followed by an irreversible (quasi reversible)
reaction.

Electrocatalytic oxidation of paracetamol at graphene
oxide electrode: The standard solutions used for calibration are
10, 20, 30, 40 and 50 ppm. Measurement for standard calibration
with 5 s deposition time, scan rate 200 mV/s at potential -2 to 1
Volt by cyclic voltammetry. In a voltammetric cell, it was charged
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with a mixture of 10 mL solution each of 10, 20, 30, 40 and 50
ppm, 10 mL KCl concentrations of 50-100 times and 5 mL of
phosphate buffer pH 6. The voltametric measurement was treated
using Originpro 8.5 which is shown in Fig. 6.
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Fig. 6. Paracetamol voltamogram with a concentration of 10-50 ppm in
phosphate buffer solution pH 6 with a 5 s deposition time and a
scan rate of 200 mV/s

The graph of the relationship between the concentration
of standard solution of paracetamol with the cathodic peak
(Fig. 6) gives the eqn. 1 with regression R2 = 0.9908.

y = -2,43005 × 10-5 x – 0.00107 (1)

The linear eqn. 1 used to determine the concentration of
paracetamol in the industrial production-lowering drug.

Recovery and detection limit: The determination of per
cent recovery was performed to test the accuracy of paracetamol
identification with graphene oxide electrode. The determi-
nation of percent recovery is done by re-measuring the standard
solution of paracetamol, then the measured current is included
in the linear regression eqn. 1. The concentration obtained is
compared with the actual concentration of paracetamol.
Per cent recovery is calculated by using the eqn. 2.

Concentration obtained
Recovery (%) 100

Real concentration
= × (2)

The average per cent recovery result for the measurement
of paracetamol with graphene oxide electrode with a ratio of
8:2 was 99.6157 %. Good recovery results show graphene
oxide electrodes that are made sensitive to paracetamol samples.

The detection limit is used to determine whether the targeted
compound being analyzed is in a sample that is measured or
undetectable. Therefore, the detection limit is the lowest limit
of paracetamol concentration that can be detected by the
created graphene oxide electrode. The detection limit shows

the degree of sensitivity of the graphene oxide electrode, the
lower the detection limit the better the sensitivity to the sample.
In the calculation results obtained a low detection limit is 0.494
ppm. That is, the graphene oxide electrode that has been made
has a sensitivity to paracetamol to a concentration of 0.494
ppm (0.00327 mM or 3.27 µM).

Real sample analysis: To evaluate the feasibility of the
proposed sensor, the selective of paracetamol in real samples
is highly requisite. The analytical performance of the proposed
electrode was investigated in pharmaceutical results and the
HPLC results are summarized in Table-2. The good recovery
results of spiked samples of paracetamol in tablets validating
that this proposed graphene oxide electrode could be used for
the effective paracetamol in both pharmaceutical samples.

TABLE-2 
PARACETAMOL IN PHARMACEUTICAL SAMPLES 

Sample Detected at electrode Detected at HPLC 
1 82.53 78.99 
2 81.23 79.12 
3 81.86 80.20 

 
Conclusion

In conclusions, graphene oxide electrodes shows good
linear relationship with paracetamol concentrations in the range
from 10 to 50 ppm and the detection limits was 0.494 ppm.
Moreover, graphene oxide electrode exhibited good stability
and high reproducibility in cyclic voltammetry determination.
The utility of the proposed sensor was evaluated by sensing
paracetamol in pharmaceutical samples with good recovery
results.
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