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Abstract- An electrochemical sensor based on modification of carbon paste electrode by
reduced graphene oxide-silver nanocomposite (RGO-Ag/CPE) was prepared for voltammetric
determination of acetaminophen. The morphology and structure of the resulting products
were characterized by transmission electron micrograph, X-ray diffraction and infrared
spectroscopy. The electrochemical behaviours of acetaminophen on resulting modified
electrode were investigated by cyclic voltammetry and differential pulse voltammetry.
Differential pulse voltammetry shows that peak current increase linearly by increasing in
acetaminophen concentration. Acetaminophen was determined in the range of 5.0–480.0, and
the limit of detection was determined as 0.18 µM using differential pulse voltammetry under
optimization conditions. This electrode obtains good and satisfactory results in the
determination of acetaminophen in a commercial tablet.
Keywords- Reduced graphene oxide, Silver nanoparticles, Modified carbon paste electrode,
Acetaminophen

1. INTRODUCTION
Graphene (Gr) is the name of a two-dimensional sheet of sp2-hybridized carbon [1] that is
the thinnest known material in the universe [2]. Resulting single- and few-layer flakes were
pinned to the substrate by only van der Waals forces and could be made free-standing by
etching away the substrate [3-6]. Graphene has unique properties such as high specific
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surface area [7], good mechanical strength [8], excellent thermal and electrical conductivity
[4,9,10], that allowed scientists to probe graphene’s properties [11]. Furthermore, it had
reported that large quantities production of graphene needs much lower cost than that of
carbon nanotubes [12].
Moreover, graphene or reduced graphene oxide (RGO) could act as an excellent substrate
for supporting metal and/or semiconductor nanoparticles. Recently, reduced graphene oxideor graphene–metal nanocomposite have been used as a proper electrode materials for
electrochemical applications [13]. Metal nanoparticles such as Ag, Pd, Pt and Au have large
surface area to volume ratios at the nanoscale that makes them excellent choice materials
where large surface areas are required [14]. So far, a variety of successful approaches for
preparing reduced graphene oxide–metal nanocomposite have been reported. For example,
chemical reduction [15-17], epitaxial deposition [18], electrodeposition [19,20], and chemical
vapor deposition [21] have been used. Among metal nanoparticles, silver nanoparticles
(AgNPs) have been shown good conductivity and high electrochemical catalytic activity
[22,23]. The availability of AgNPs will expand the possibilities for the preparation of Agdoped nanomaterials and extend its application in biosensor [22,23]. It has been reported that
the using of carbon-based materials and metal nanoparticles usually causes synergistic effects
in electrocatalytic applications [24].
Acetaminophen (AP), also known as N-acetyl-p-aminophenol or paracetamol, is an
effective analgesic and antipyretic drug with rather limited anti-inflammatory properties [25]
and is used in the management of cancer or postoperative pain [26]. AP is rapidly and
extensively metabolized by undergoing glucuronidation and sulfation to inactive metabolites
which are eliminated in urine along with 5% of AP being eliminated unchanged. At the
recommended dosage, there are no side effects but, overdoses will cause liver and kidney
damage [27]. It is thought that a metabolite of acetaminophen is the actual hepatotoxic agent
[28]. Several methods have been used for the determination of AP for quality control analysis
in pharmaceutical formulations and for medical control in biological fluids including
electrochemical [29-31], spectrophotometry [32], flow-injection [33] and chromatographic
methods [34].
Since the RGO-Ag nanocomposites for the electrochemical application have been rarely
reported in this work, a simple electrochemical sensor based on RGO–Ag nanocomposites
was designed and reported for highly sensitive AP detection. Firstly, RGO-Ag
nanocomposites were prepared by in situ deposition of AgNPs on to RGO sheet. Then, the
electrooxidation of paracetamol on prepared carbon paste electrode modified with silver
nanoparticle–reduced graphene oxide (RGO-Ag) was investigated. The prepared electrode
showed good electrocatalytic activity for AP and supposed a sufficient limit of detection and
linear range.
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2. EXPERIMENTAL
2.1. Reagent and solutions
Graphite powder (particle size<100 μm) used for constructing electrodes and synthesis
was purchased from Fluka. Paraffin oil for constructing electrode was purchased from Merck.
Hydrazine monohydrate for synthesis was purchased from Merck. Phosphate buffer solutions
(PBS) were prepared by mixing the stock solutions of 0.1 M KH2PO4 (Merck) and 0.1 M
K2HPO4 (Merck), and adjusting the pH with 0.1 M H3PO4 (Merck) or 0.1 M NaOH (Merck).
All buffer solutions were freshly made prior to experiments. All solutions were prepared with
double-distilled water. Ammonia solution (28 wt.%, Merck) was used for synthesis.

2.2. Apparatus
Electrochemical measurements were carried out with an electrochemical analyzer
Autolab PGSTAT 302 N (Metrohm Autolab B.V., Utrecht, the Netherlands). A conventional
three-electrode system was used throughout the experiments at room temperature. The
working electrode was RGO-Ag/CPE and the auxiliary electrode was a platinum wire.
Besides, a Ag/AgCl-KCl saturated was taken as the reference electrode. All potentials in this
study refer to this reference electrode. Fourier transform infrared spectroscopy (FT-IR)
measurements of graphene oxide (GO), reduced graphene oxide (RGO) and reduced
graphene oxide–silver nanocomposite (RGO–Ag) were performed with a Spectrum RX 1
(Perkin Elmer, 940 Winter Street, Waltham, Massachusetts 02451, USA). Measurements of
pH were made with a Denver Instrument Model 780 pH meter equipped with a Metrohm
glass electrode. Transmission electron micrograph (TEM) was taken with Zeiss-EM10C-80
KV and XRD spectra were obtained by D8ADVANCE type (BRUKER-Germany).

2.3. Synthesis of reduced graphene oxide – silver nanocomposite
A modified Hummers method was used to synthesize the oxidized graphite powder [35].
In a typical procedure for reduction of graphene oxide to graphene [36], the centrifuged
brown graphene oxide (100 ml) suspension was mixed with 150 µL hydrazine monohydrate
and the pH of the suspension was adjusted to ~10 with ammonia solution (28 wt.% in water)
in a 150 mL glass beaker to ionize the carboxylic acid groups on the graphene oxide sheets.
After being vigorously stirred for a few minutes, the mixture was transferred into a 100 mL
glass beaker flask to reduce the evaporation and then put in a water bath (98 °C) for 1 h,
yielding the aqueous dispersion of graphene. The silver nitrate[36] aqueous solution (10.0
mL, 10-3 M) was added drop by drop to the RGO dispersion solution with vigorous stirring to
obtain the RGO - Ag nanocomposite dispersion. The unreacted hydrazine in RGO dispersion
solution was used to further reduce the silver ions to obtain the silver nanoparticles. The RGO
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and the RGO - Ag nanocomposite was prepared after centrifuging the dispersion solution and
dried it in a vacuum oven at room temperature for 3 h.

2.4. Electrode Preparation
Unmodified carbon paste electrode was prepared by hand mixing of 70.0% of graphite
powder and 30.0% of paraffin oil. A modified carbon paste electrode was prepared in a
similar fashion, except that the graphite powder was mixed with a desired weight of RGO–
Ag nanocomposite. Both unmodified and modified carbon paste electrodes were constructed
by packing the paste into a tube (3 mm inner diameter). The electrode surface was polished
by rubbing it against a piece of paper while a slight manual pressure was applied to the piston
whenever regeneration of the electrode was required, a thin layer of the surface was removed
with a spatula and replaced by fresh paste. A stainless steel rod was inserted in the tube for
electrical connection and also as a piston for removing a thin layer of carbon paste for the
electrode surface renewing process.

2.5. General procedure
Stock solution of AP was freshly prepared prior to use. Electrochemical experiments were
carried out in the phosphate buffered solutions (PBS pH=4.0) of AP. For differential pulse
voltammetric (DPV) experiments, the modified carbon paste electrode was immersed in 10.0
mL of buffer solution containing a known amount of analyte. Finally, the differential pulse
voltammograms were recorded from 0.3 to 0.8 V (DPV were performed with pulse potential
of 50.0 mV, pulse duration of 50.0 ms and pulse period of 0.2 s). All measurements were
carried out at room temperature (25±1 °C).

3. RESULTS AND DISCUSSION
3.1. Characterization of reduced graphene oxide-silver nanocomposite
The XRD patterns of GO, RGO and RGO-Ag nanocomposite are shown in Figure 1.
Compared to the typical diffraction peak at 2θ=12.6° corresponding to the (0 0 1) lattice
plane of GO (Figure 1. a), those of RGO and RGO–Ag (Figure 1. b) have smaller intensities
that shows reduction of GO, and these patterns also show major diffraction peaks at 2θ=38.3°
and the other at 2θ=44.4° along with the broad and diffused diffraction peak at 2θ=24.0°.
According to the database these peaks are indexed to (1 1 1) and (2 0 0) reflections of silver
nanocrystals with face centered cubic symmetry, respectively, whereas the diffused
diffraction peaks at 2θ=24° is attributed to the (0 0 2) reflection of graphene nanosheets.
Figure 2 shows the FT-IR spectra of GO, RGO and RGO-Ag nanocomposite. The typical
peaks of GO at 1730 cm-1 ( C = O carboxylic), 3410 cm-1 (stretching vibration of C–OH) and
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1400 cm-1 (deformation vibration of C–OH) are observed. The peak at 1060 cm-1 confirms
the presence of epoxide groups (C–O–C) and the peak at 1630 cm-1 is ascribed to the skeletal
vibration of graphitic skeleton. After the reduction, the peaks corresponding to the oxygencontaining groups gradually decrease in intensity with increasing the synthesis temperature
and even the peak of carboxylic acid vibration ( C = O at 1730 cm-1) disappears. Also, the
size and structure of the RGO-Ag were evaluated using transmission electron microscopy
(TEM). According to the TEM (Figure 3), it was observed that the Ag has nanodimension
ranging about 15 nm.

(a)

Intensity

(0 0 1)

0

GO

20

40

60

80

2θ

(0 0 2)

(b)

(1 1 1)
(2 0 0)

Intensity

RGO-Ag
(0 0 2)

RGO

0

20

40

60

80

2θ
Fig. 1. XRD spectra of (a) GO and (b) RGO, and RGO-Ag
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Fig. 2. FTIR spectra of samples GO, RGO, and RGO-Ag

Fig. 3. TEM image of RGO-Ag nanocomposite

3.2. Electrochemical behaviour of acetaminophen
The behavior of the electrode in the presence or and absence of acetaminophen was
studied. Based on Figure 4, the electrode in the absence of the analyte does not indicate an
electrochemical response. Despite expectations [37], oxidation peak of the silver is not
observed. The absence of Ag characteristic peak in voltammograms could be referred to the
very low extent and small sizes of Ag NPs in composite [38]. Probably, this behaviour is due
to low decorated silver nanoparticles on RGO that is clear in TEM image, too (Figure 3 in
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section 3.1). Electrooxidation behavior of AP at bare CPE (a), RGO/CPE (b) and RGOAg/CPE (c) in 0.1 M PBS pH 4.0 was investigated at the scan rate of 50mV s-1 using
differential pulse voltammetry (DPV). As shown in Figure 5, at the bare CPE, acetaminophen
shows an oxidation peak at Ep=0.58 V. When the modified CPE with RGO was used, there
was a positive shift in peak potential to Ep=0.60 V with a little change in peak current. These
results demonstrate (Figure 5) that the electrochemical reactivity of AP is improved on the
RGO - Ag/CPE. As shown in Figure 4.1.5, the enhancement of oxidative peak current of AP
could be attributed to the synergetic effect between the RGO and Ag NPs. However, the
characteristic peaks of Ag were obvious in XRD spectra and these particles were clearly
distinguishable in TEM image. Figure 6 depicts the electrochemical impedance spectroscopy
(EIS) of bare CPE (a), RGO/CPE (b) and RGO-Ag (c) in PBS containing 5 mM Fe(CN)6 3-/4and 0.1 M KCl, including a constant phase element (Cdl), charge transfer resistance (Rct),
Warburg impedance (Zw) and the uncompensated solution resistance (Rs). As shown in this
figure RGO-Ag/CPE had the lowest Rct value that revealing its faster electron transfer ability.

Fig. 4. Differential pulse voltammograms obtained in the absence (a) and presence (b) of 480
µM of acetaminophen in 0.1 M PBS pH 4.0 at the scan rate of 50 mV s-1
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Fig. 5. Differential pulse voltammograms of 0.4 mM AP at bare CPE (a), RGO/CPE (b) and
RGO - Ag/CPE (c) in 0.1 M PBS pH 4.0 at the scan rate of 50 mV s-1

Fig. 6. Electrochemical impedance spectroscopy curves in 5.0 mM K3Fe(CN)6–K4Fe(CN)6
(1:1) mixture containing 0.1 M KCl at (a) bare CPE (b) RGO /CPE, and (c) RGO-Ag/CPE,
respectively

3.3. Optimization of reduced graphene oxide – silver nanocomposite percentage
The composition of RGO-Ag/CPE was investigated using differential percentage (5.0–
25.0%) of RGO-Ag/CPE by DPV. As shown in Figure 7, the peak current signal of AP
increased from 5.0 to 20.0 percent. Further increase in the RGO-Ag percent did not change
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the current response of AP oxidation. The percent of RGO - Ag in the CPE was kept constant
at 20.0 percent throughout the rest of this study.

Fig. 7. The peak current vs RGO - Ag percentage in composite electrode. 0.4 mM AP in 0.1
M PBS pH 4.0 at the scan rate of 50 mV s-1

3.4. Effects of pH on response of electrode
Nematollahi et al. [39] demonstrated the electrochemical oxidation of acetaminophen in
various pHs using cyclic voltammetry and controlled-potential coulometry. AP is
electrochemically oxidized via a pH-dependent two-electron, two-proton process to N-acetylp-quinone-imine (abbreviated NAPQI). The rate constants were estimated by comparing the
experimental cyclic voltammetric responses with the digital simulated results. The results
indicated that electrochemically generated NAPQI participates in different types of reactions
depending on solution’s pH. It has been reported[40] that the stability of NAPQI was
substantially affected by the sample pH with a highest stability in the pH range of 4.0–9.0 and
a half-life equal to 47 min at pH 7.4. The effect of solution pH on the electrochemical redox
reaction of AP on the RGO-Ag/CPE was investigated in the range of pH 2.0 - 9.0. Figure 8
shows the differential pulse voltammograms of acetaminophen in various pHs (2.0 to 9.0). In
this work, phosphate buffer solution (0.1 mol L -1, pH=4.0) was used as supporting
electrolyte for further experiments. Inset is the plot of peak potential vs. pH value, the slope
of this plot is near to Nurnstian slope, so the number of electron and proton is same which are
in agreement with the literature and shows two-electron, two-proton process [40].
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Fig. 8. Differential pulse voltammograms of 0.4 mM acetaminophen at RGO–Ag/CPE, in
buffer solution with various pHs. Scan rate: 50 mV s−1. Inset is the plot of peak potential vs.
pH value
3.5. Effect of scan rate
Cyclic voltammetry of AP was carried out at different scan rates ranging from 10.0 to
250.0 mV s-1 (Figure 9). The results indicated that there is a linear relationship between the
anodic peak currents and the square root of scan rate (ν1/2) in the range of 10.0 to 250.0 mV
s-1. These results indicate the existence of a diffusion-controlled mechanism for AP in the
mentioned potential scan rates.

Fig. 9. Cyclic voltammorgrams of 0.4 mM AP on RGO-Ag/CPE at different scan rates from
10 to 250 mV/s. Inset is the plot of peak current vs. square root of scan rate
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3.6. Voltammetric determination of acetaminophen
Figure 10 depicts the DPV curves of different concentrations of acetaminophen at RGOAg/CPE modified electrode. The calibration curve for AP shows linear range from 5.0 µM to
4.8×102 µM with linear regression equation of Ip (µA)=0.0173CAP (µM)+0.282 (R²=0.9902).
The limit of detection was 0.183 µM (LOD=3σblank /m, in which σblank is standard deviation of
blank for n=5 and ‘m’ is the slope of the calibration curve).

Fig. 10. Relationship of current responses to acetaminophen concentration on RGO-Ag/CPE
for different acetaminophen concentrations in 0.1 M phosphate buffer (pH=4.0)
Table 1. Comparison of the electroanalytical data for determination of AP
Electrode

Linear range
(μM)

Detection limit
(μM)

Ref.

Up to 70.0

7.8

[41]

1.00–100.00

0.25

[42]

120-5800

88

[43]

5.00–500.00

0.79

[44]

4–400
Up to 500

1.39
17

[25]
[45]

1.0-100.0

0.3

[46]

CFE
Nano-TiO2/polymer coated GCE

0.02-100
12.0–120.0

0.034
2.0

[47]
[48]

RGO-Ag/CPE

5.0–4.8×102

0.18

This work

Polyphenol oxidase/glassy carbon paste electrode
PANI–MWCNT/GCE
Polyphenol oxidase-vaseline-graphite electrode
Electropolymerized-molecularly imprinted
PPy/pencil graphite electrode
SPE/PEDOT
Nafion coated glassy carbon tubular electrode
GR–CS/GCE

PANI: polyaniline, MWCNT: multi-walled carbon nanotube, GCE: glassy carbon electrode,
SPE: Screen-Printed Electrode, PEDOT: Poly (3,4-ethylenedioxythiophene), GR–CS: Graphene–
chitosan, CFE: micro-crystalline natural graphite–polystyrene composite film electrode
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Table 1 summarizes a comparison between the results obtained by this study and other the
electroanalytical methods for the determination of AP. It can be seen that using RGOAg/CPE provides a significant low detection limit, and sufficient linear range.
Table 2. Determination of AP in real samples using RGO-Ag/CPE as working electrode by
DPV technique
Sample

Nominal (M)

Added (M)

Found (M)

Recovery

(RSD%)
Tablet

-5

5.00×10

0

4.85×10-5 (2.3)

99.1

5.00×10-5

5.95×10-5

11.26×10-5 (4.2)

101.4

-5

5.00×10

11.91×10

-5

-5

17.62×10 (3.7)

103.7

5.00×10-5

24.40×10-5

28.84×10-5 (3.9)

98.4

The proposed method was applied to the determination of AP in a commercially available
acetaminophen tablet. Ten tablets were weighed accurately and ground into a fine powder
and its solution was prepared by dissolving it in 1.0 L water and filtering the solution. The
prepared solutions containing a specified amounts of AP were analyzed by using standard
addition method (n=3). The results (Table 2) show that the proposed method can be used as a
reliable method for the determination of AP in the solution.
The proposed method was applied to the determination of AP in a commercially available
acetaminophen tablet. Tablet of each sample were accurately weighed and ground and its
solution was prepared by dissolving it in 1.0 L water and filtering the solution. The prepared
solutions containing a specified amounts of AP were analyzed by using standard addition
method (n=3). The results (Table 2) show that the proposed method can be used as a reliable
method for the determination of AP in the solution.

3.7. Repeatability and stability
The repeatability and reproducibility of the present method were also investigated. The
repeatability of the RGO-Ag/CPE was evaluated as the following process. The repeatability
of the experiment was performed in 0.1 M pH 4.0 phosphate buffer solution containing 480.0
μM acetaminophen. Five times measurement of peak currents were carried out using the
same electrode that was polished before each measurement. The relative standard deviation
(RSD) was calculated to be 3.95% indicating that the as-prepared RGO-Ag/CPE electrode
has a good repeatability. For indicating reproducibility, the modified paste electrode was
prepared five times and measurements were repeated. The RSD was calculated to be 4.15%
indicating that the as-prepared RGO-Ag/CPE electrode has a good reproducibility.
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3.8. Interference studies and real samples analysis
The electrochemical behaviors of the coexisting electroactive species, which often cause
serious interference with the determination of AP, such as p-aminophenol, ascorbic acid,
glucose, urea, dopamine, were investigated by DPV. The modified electrode could virtually
eliminate the interference of p-aminophenol, ascorbic acid, glucose, dopamine and uric acid
at 500-fold concentration of AP (at 90.0 μM), and it has been satisfactorily used for the
voltammetric determination of AP.

4. CONCLUSION
We have demonstrated the application of the RGO-Ag/CPE for determination of
acetaminophen. However, many researchers have been performed to synthesis this kind of
composite, but there are very low works suggested for the electrochemically performance of
this composite. This study suggested a new kind of silver supported material that not shown
electrochemical disturbance of silver activity. The composite film modified electrode was
successfully employed for the voltammetric determination of acetaminophen with low
detection limit, good linear range and high selectivity.
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