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Abstract The oxidation of acetaminophen was studied at a
glassy carbon electrode modified with multi-walled carbon
nanotubes and a graphite paste. Cyclic voltammety, differen-
tial pulse voltammetry and square wave voltammetry at
various pH values, scan rates, and the effect of the ratio of
nanotubes to graphite were investigated in order to optimize
the parameters for the determination of acetaminophen.
Square wave voltammetry is the most appropriate technique

in giving a characteristic peak at 0.52 V at pH 5. The porous
nanostructure of the electrode improves the surface area
which results in an increase in the peak current. The
voltammetric response is linear in the range between 75 and
2000 ng.mL−1, with standard deviations between 0.25 and
7.8%, and a limit of detection of 25 ng.mL−1. The method
has been successfully applied to the analysis of acetamino-
phen in tablets and biological fluids.
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Introduction

Multi-walled carbon nanotubes (MWCNTs) are one of the
more novel forms of carbon materials and as such have
attracted substantial research attention, in particular for the
determination applications for carbon nanomaterials. Due to
their unique properties, such as their large surface area,
mass transfer capabilities, significant mechanical strength,
high catalytic capability and excellent electrical conductiv-
ity, they have the ability to facilitate electron transfer that
ensures a wide range of applications in electrochemical
analysis [1–6].

Acetaminophen, N-acetyl-p-aminophenol, or paracetamol
is an analgesic compound that is regularly used to relieve
headache, backache, arthritis and post-operative pain. The
compound is effective in reducing fever associated with
bacterial and viral infections [7]. The ready availability of
acetaminophen has resulted in increased use of the com-
pound in suicide attempts [8]. Consequently it is vital to
develop a reliable and sensitive technique for the determi-
nation of acetaminophen in a variety of matrices.
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The quantitative analysis of acetaminophen has been
achieved using spectrophotometry, liquid chromatography,
near infrared transmittance spectroscopy, titrimetry and
voltammetry. In addition several flow injection methods
for the determination of acetaminophen have been reported
using fluorometric [9], UV–Vis spectrophotometry [10],
Fourier transform infrared spectrophotometry [11] or
electrochemical detection techniques [12]. However some
of these methods are time-consuming and since acetamin-
ophen is electroactive and can be oxidized under suitable
conditions the use of electrochemical detection can be
considered appropriate due rapid response and high
sensitivity capabilities. Furthermore the potential for minia-
turization, ease of manufacture and low cost electrochem-
ical techniques can be considered as attractive method for
the determination of acetaminophen [6, 12].

Modified electrodes have been distinguished by the
application of nanomaterials on the electrode surface and that
are capable of mediating rapid electron transfer [13–15].
Various electrodes have been used for the determination of
acetaminophen and include modified glassy carbon [16, 17],
boron-doped diamond [18–20], carbon ionic liquid [21],
modified electrode surface with zirconium alcoxide porous
gels and carbon-coated nickel magnetic nanoparticles [22, 23],
gold nanoparticle modified carbon paste [24], gold electrodes
modified with self assembled monolayer [25] and MWCNTs
and carbon nanoparticle modified electrodes [26–30].

In this study, we describe the use of MWCNTs and
graphite to produce a thin layer on the surface of a glassy
carbon (GC) electrode for the electrochemical determina-
tion of acetaminophen in tablets and biological fluids. The
use of MWCNTs:graphite/GC electrode revealed an im-
proved electrochemical response for acetaminophen. There-
fore a simple, rapid and sensitive electrochemical method
was developed for the quantitative determination of
acetaminophen. Several experimental parameters that influ-
enced the optimization of the analysis of acetaminophen
determination including pH, scan rate, electrochemical
technique and the ratio of MWCNTs to graphite were
investigated.

Experimental

Apparatus

A μ-AUTOLAB TYPE III in combination with GPES
software version of 4.9 (www.metrohm-autolab.com) was
used for all electrochemical experiments. A three electrode
cell was used for the analysis and incorporated a hand-made
working MWCNTs:graphite/GC electrode, a saturated Ag/
AgCl/KCl as a reference electrode and a platinum wire that
was used as a counter electrode. Sonication was achieved

using of ultrasonic bath system TECNO-GAZ, Tecna 6
(50–60 Hz, 230±10%V, 0.138 KW). Furthermore a Philips
model X-30 scanning electron microscope was used to
capture images.

Chemicals and reagents

All chemicals and reagents used in these studies were at
least of analytical grade from Merck Co. (www.merck.
com). Britton-Robinson buffer containing 0.04 M of each
of acetic, ortho phosphoric and boric acids was adjusted to
the required pH with a 0.2 M NaOH solution and was used
as a supporting electrolyte. A working standard of acet-
aminophen powder was obtained from the Iranian Quality
Control Laboratory of the Ministry of Health and Medical
Education Department in Iran (www.behdasht.gov.ir).
Acetaminophen tablets, each of containing 500 mg of the
active pharmaceutical ingredient was purchased from a
local pharmacy. Fresh frozen plasma was purchased from
the Iranian Blood Research and Fractionation Holding
Company (http://ibrf.ir/EN/Concern.asp). Drug free human
urine was collected from healthy volunteers (25–30 years).
Phosphoric acid, acetic acid, boric acid, ethyl acetate,
sodium hydroxide, paraffin oil (density 0.84~0.89) and
graphite powder (< 50 μm) were all purchased from Merck.
Multi-walled carbon nanotubes (MWCNTs) prepared by
chemical vapor deposition were purchased from Neutrino
Co. (www.neunano.com, Iran). The MWCNTs had an outer
wall diameter distribution of <10 nm, a length of between 5
and 15 μm and a special surface area of 180–190 m2.g−1

and amorphous carbon < 3%. Doubly distilled water was
generated by purification through a Millipore water system
and used for all analyses. All experiments were carried out
at an ambient temperature of 25±2 °C.

Preparation of MWCNTs: graphite/GC electrode

Several MWCNTs:graphite/GC electrodes with different
ratios of MWCNTs:graphite mixtures were prepared and
summarized in Table 1. Prior to application of the
MWCNTs:graphite mixture onto the glassy carbon elec-
trode (disk, r=1 mm), the electrode surface was polished
manually using alumina powder on the polishing cloth.

Table 1 Electrode composition

Paraffin oil
(μL)

MWCNTs
(mg)

Graphite powder
(mg)

Electrode

3.6 − 12 Graphite

2.7 3 6 MWCNTs/graphite (1:2)

2.7 6 3 MWCNTs/graphite (2:1)

3.6 6 6 MWCNTs/graphite (1:1)
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Then, the electrode was sonicated for 2 min. in ethanol and
rinsed with doubly distilled water. In order to manufacture
the MWCNTs:graphite mixture, the materials were weighed
and mixed together with a small amount of paraffin oil.
Following completion of the mixing step a portion of the
composite mixture was packed into the end of a polytetra-
fluoroethylene tube. The electrical contact was made by
forcing a glassy carbon rod (r=1 mm) into the polytetra-
fluoroethylene tube and the composite to ensure that a thin
layer of the composite was formed on the surface of glassy
carbon electrode. The surface morphology of the MWCNTs
and MWCNTs:graphite mixture was investigated using
scanning electron microscope.

Preparation of stock and standard solutions

A stock solution of acetaminophen (0.2 mg.mL−1) was
prepared in doubly distilled water. For preparation of
standard solutions, an aliquot of the stock solution of
acetaminophen was transferred into a volumetric flask and
made up to volume with buffer solution (pH 5). In all cases,
the prepared solutions were protected from light using
aluminium foil and stored at 4 °C for 3 days. Standard
solutions in plasma or urine of 200 ng.mL−1, 1000 ng.mL−1

and 2000 ng.mL−1 were prepared by spiking of the drug
into acetaminophen free plasma/urine with suitable dilution
of an aqueous stock solution of acetaminophen.

Extraction procedure

In order to analyze acetaminophen in biological samples a
1 mL aliquot of 0.2 M NaOH was added to 0.8 mL of the
standard plasma or urine solution. The mixture was
vortexed for 3 min after which 3 mL ethyl acetate was
added and mixture was vortexed for an additional 3 min.
The mixture was centrifuged at 4500 rpm for 5 min to
separate the aqueous and organic layers. After removal of

the organic phase the extraction procedure was repeated
with the residual aqueous phase. The ethyl acetate phases
were pooled and dried under a gentle stream of nitrogen at
60 °C. After drying the samples were reconstituted with
20 mL of buffer solution at pH 5 and transferred to the
electrochemical cell for analysis.

Tablet assay procedure

For the analysis of acetaminophen in tablets, 20 tablets were
accurately weighed and powdered well. An amount of powder
equivalent to the weight of one tablet was dissolved in doubly
distilled water and then diluted with a Britton-Robinson buffer
(pH 5) to produce a solution of acetaminophen with a
concentration of 2000 ng.mL−1.

Calibration and system validation

The method was validated with respect to parameters
including linearity, limit of detection, limit of quantification,
precision, accuracy and selectivity. Square wave voltammo-
grams of acetaminophen solutions with concentrations range
75–2000 ng.mL−1 in pH 5 at MWCNTs:graphite/GC (1:1)
were recorded.

Results and discussion

Scanning electron microscopic characterization
of MWCNTs and MWCNTs: graphite mixture

The properties and performance of a broad range of materials
of different devices depends to large extent on their surface
characteristics. The scanning electron microscopic images of
MWCNTs andMWCNTs:graphite mixture were recorded and
are shown in Fig. 1. The scanning electron microscopic
image of MWCNTs is shown in part (a) of Fig. 1, whereas

ba
Fig. 1 Scanning electron micro-
scopic images of a MWCNTs
and b MWCNTs:graphite mix-
ture (1:1), scale bar is 500 nm

The determination of acetaminophen using a carbon nanotube 379



the related image of MWCNTs:graphite mixture is shown in
part (b) of this figure. The presence of paraffin oil in the
MWCNTs:graphite mixture is able to bridge the isolated
carbon materials and MWCNTs are clearly visible in part (b)
of Fig. 1.

Voltammetric study of the acetaminophen using different
carbon electrodes

Voltammetric experiments including the generation of cyclic
and differential pulse voltamograms were performed in
solutions of pH ranging between 2 and 11 for 1000 ng.mL−1

samples of acetaminophen. Analyses were conducted for
both glassy carbon and MWCNTs:graphite/GC electrodes
with different ratios of MWCNTs:graphite mixture in
Britton-Robinson buffer. By overlaying the cyclic voltam-
mograms in different pH values at different electrodes (the
results are not shown) it was possible to determine that the
best pH for analysis was pH 5. The results showed sharper
oxidation and reduction peaks in acidic pH at higher
potentials. As the pH increases, the oxidation peak becomes
wider and the signal weaker and the peak representing
reduction disappeared. Furthermore the peaks shift to lower
potentials. No peak for the reduction of acetaminophen was
observed when solutions of pH higher than 6 were used.
Therefore, the pH was varied between values of 3 and 7.
These results are similar to those reported previously [8].

The resultant voltammogram for the cyclic voltammetric
studies of a 1000 ng.mL−1 acetaminophen in buffer solution
(pH 5) on different electrodes such as graphite, glassy

carbon, MWCNTs:graphite (1:2, w/w), MWCNTs:graphite
(2:1), MWCNTs:graphite (1:1) are indicated in Fig. 2. The
results reveal that the best response was observed for
analysis on MWCNTs:graphite/electrode with a ratio of
(1:1). Therefore this electrode was chosen for the analysis of
acetaminophen in this study.

Figure 3 depicts the cyclic voltammograms of acet-
aminophen in various pH values ranging from 2 to 6 using
a MWCNTs:graphite/GC electrode. The obtained voltam-
mograms demonstrate that the sharpest response was
observed at pH 5 rather than other pH values. In
accordance to Fig. 3, when the pH of buffer solutions is
changed from 2 to 6, anodic peaks shift to more negative
potential values. The inset of Fig. 3 shows a linear
relationship between pH values and anodic peak potentials
(Epa) and that the Epa decreased by about 55 mV per pH
unit, with an equation of Epa=−0.055 pH+0.863 (R2=
0.999), indicating that the same numbers of electron and
protons are involved in the oxidation of acetaminophen.
The mechanism of acetaminophen oxidation involves the
generation of N-acetyl-p-quinoneimine with two electrons
and two protons and this phenomenon has been described
in previous reports [8, 12, 31].

The effects of scan rate on the electrochemical response for
acetaminophen were assessed by cyclic voltammetry and are
shown in Fig. 4. The results reveal that a positive shift in the
anodic peak potentials occurs which confirms the irreversibil-
ity of the process when the scan rate is increased. The linear
relationship that exists between the oxidation peak current
(Ipa) and the square root of the scan rate (v1/2), is indicative of
the fact that the oxidation process is predominantly diffusion-
controlled in the whole range of scan rates studied [32]. The
regression equation is Ipa=0.1088v

1/2+0.3651 (R2=0.985).
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Fig. 2 Comparative cyclic voltammograms of acetaminophen
(1000 ng.mL−1) in buffer solution (pH 5) at different electrodes; a
graphite, b glassy carbon, c MWCNTs:graphite/GC (1:2), d
MWCNTs:graphite/GC (2:1) and e MWCNTs:graphite/GC (1:1)
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Fig. 3 Cyclic voltammograms of MWCNTs:graphite/GC (1:1) in
buffer solutions at various pH values (right to left); 2, 3, 4, 5 and 6,
scan rate: 80 mV.s−1. Inset: relationship between pH values and anodic
peak potentials
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The electrochemical responses of MWCNTs:graphite/GC
electrode in various concentrations of acetaminophen were
studied. The anodic current for acetaminophen was plotted
versus concentration and linear regression analysis was
performed on the resulting curves. A linear range of 75–
2000 ng.mL−1 was obtained for acetaminophen with the slop
of 0.1104 (10−8A/ng.mL−1). The R.S.D. values for three
curves were ranging from 0.25 to 7.84%. A typical
regression equation for the calibration curve was found to
be Ipa=0.1104C−0.3178 (R2=0.999). The limit of quantita-
tion and limit of detection of the electrode for acetaminophen
were found to be 75 ng.mL−1 and 25 ng.mL−1, respectively.
The precision of the method was investigated with respect to
both repeatability (single electrode) and reproducibility
(multiple electrodes). Repeatability was assessed by contin-
uous electrodetermination of a standard solution of acet-
aminophen standard (2000 ng.mL−1) with the same
MWCNTs:graphite/GC electrode for 12 analyses. The
anodic current decreased by 1.65% after completing 12
scans with the RSD value of 2.05% which showed that the
electrode responds with good repeatability. Reproducibility
was investigated by electrodetermination of three replicate
samples containing 75, 1000 and 2000 ng.mL−1 standards on
3 consecutive days using multiple electrodes where the mean
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Fig. 4 Cyclic voltammograms of acetaminophen (1000 ng.mL−1) at
MWCNTs:graphite/GC (1:1) in buffer solution (pH 5) in various scan
rates (from inner to outer); 40, 80, 100, 140, 180, 200, 240, 280, 300,
400 and 500 mV.s−1

Table 2 Different electrodes used for the determination of acetaminophen

Range of calibration curve Limit of detection Electrode type (modifier) Electrochemical technique Reference

5–100 μM 2.4 μM MWCNT-film coated electrode Chronoamperometry [3]

− 1.83 μM Cobalt hydroxyl nano particles Amperometry [7]

0.330–1.65 μM 297 nM Nano polypyrrole Differential pulse voltammetry
with stripping

[13]

− 17 μM Nafion coated tubular electrode Cyclic voltammetry [16]

0.5–83 μM 0.49 μM Boron-doped diamond electrode Square wave voltammetry [17]

0.01–0.1 mM − Boron-doped diamond electrode Differential pulse voltammetry [18]

0.01–0.1 mM − Boron-doped diamond electrode Amperometry [19]

1 μM–2 mM 0.3 μM Carbon ionic liquid electrode Differential pulse voltammetry [20]

12–120 μM 2 μM Nano-TiO2/polymer coated Cyclic voltammetry [21]

6.6–530 μM 330 nM Gold nanoparticle modified
carbon paste electrode

Amperometry [22]

19.6–255 μM 0.117 μM Zirconium alcoxide porous gels Differential pulse voltammetry [23]

7.8–110 μM − Carbon-coated nickel nanoparticles Amperometry [24]

2–4000 μM Self-assembled monolayer Square wave voltammetry [25]

1–100 μM 250–2000 μM 0.25 μM Polyaniline-MWCNTs composite Square wave voltammetry [26]

0.4–150 μM 0.12 μM MWCNTs Differential pulse voltammetry [27]

0.01–2 μM 2–20 μM 10 nM 45 nM MWCNT modified basal plane
pyrolytic graphite electrode

Adsorptive stripping voltammetry [28]

− 0.02 μM Sodium montmorillonite Square wave voltammetry
with stripping

[29]

0.1–10 μM 10–100 μM 0.05 μM Carbon nanoparticles modified
glassy carbon electrode

Differential pulse voltammetry [30]

− 0.1 μM CNTs modified screen-printed
electrode

Differential pulse voltammetry [32]

0.472–13.2 μM 0.157 μM (25 ng.mL−1) MWCNTs:graphite/GC electrode Square wave voltammetry This work
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concentrations were found to be 80.1, 1025 and 1994 ng.
mL−1 with associated R.S.D. values of 7.17, 3.25, and
1.35%, respectively. The ruggedness of the method was
assessed by comparison of the intra- and inter-day assay
results for acetaminophen that had been performed by two
analysts. The R.S.D. values for intra-and inter—day assays
of acetaminophen in analyses performed in the same
laboratory by two different analysts did not exceed 5%,
thereby indicating the ruggedness of the method. The
accuracy of the assay was determined by interpolation of
replicate (n=3) peak areas of three accuracy standards (75,
1000 and 2000 ng.mL−1) from a calibration curve prepared
as previously described. In each case, the percent relevant
error was calculated. The resultant concentrations were
found to be 79.74±5.737 ng.mL−1 (mean ± S.D.), 1034±
24.43 ng.mL−1 and 2016±23.3 ng.mL−1 with percent

relevant errors of 6.35, 3.4, and 0.8%, for the low, medium
and high concentrations, respectively.

Analytical application

Some voltammetric procedures have been reported for the
determination of acetaminophen in pharmaceutical tablets
and biological fluids. However, to the best of our
knowledge there has been no report in which the use of
MWCNTs:graphite/GC electrode for the determination of
acetaminophen has been documented. The most important
reported electrochemical methods for the determination of
acetaminophen are summarized in Table 2.

Assay of acetaminophen in tablets

The developed method was applied to the determination of
acetaminophen in tablets. The result of the assay of
acetaminophen tablets yielded a recovery of 100.02% (R.S.
D.=2.150%) of label claim for the tablets. The results of the
assay indicate that the method is selective for the analysis of
acetaminophen without interference from the excipients
including cellulose, pregelatinized corn starch, sodium starch
glycolate, magnesium stearate, polyethylene glycol, polysor-
bate 80, iron oxide, titanium dioxide and carnauba wax were
used in manufacture of tablet formulations. In agreement with
USP 29/NF, several combinations of acetaminophen and other
drugs such as aspirin, caffeine, codeine phosphate, dextro-
metorphane HBr, diphenhydramine, phenylepherine and
psudoephedrine are formulated in different dosage forms.
Also, acetaminophen is widely used with ascorbic acid and
cetirizine dihydrochloride [33]. So, the investigation of
simple, rapid, sensitive and selective methods are important
in the analysis of acetaminophen in the presence of other
drugs. In this study, the applicability of the developed
method in analyzing acetaminophen in the presence of the
declared drugs assessed by cyclic voltammetric studies on
the surface of MWCNTs:graphite/GC electrode in buffer
solution (pH 5.0), which is not shown here, no interference
peaks were recorded. The results therefore show that this
method has a high degree of selectivity and sensitivity for
acetaminophen in tablets.
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Fig. 5 (I) The square wave voltammograms related to the blank of a
buffer and b extracted plasma blank c extracted plasma spiked sample
(2000 ng.mL−1). (II) Square wave voltammograms in blank of a buffer
b urine blank previous extraction, c urine blank after extraction and d
extracted urine spiked sample (2000 ng.mL−1)

Table 3 Percent recovery for electrochemical determination of
acetaminophen in plasma and human urine (n=3) by MWCNTs:
graphite/GC electrode

Spiked acetaminophen 200ng.mL−1 1000ng.mL−1 2000ng.mL−1

Recovery percent in
plasma (mean±S.D.)

67±2.4 77±1.95 81±2

Recovery percent in
urine (mean±S.D.)

66.77±1.68 72.5±1.4 74.3±1.1
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Determination of acetaminophen in human plasma

The electrochemichal method was developed for the determi-
nation of acetaminophen and applied to the analysis of human
plasma and urine samples. The recovery of acetaminophen
from human plasma samples was measured by spiking drug-
free samples with a known amount of acetaminophen. The
resultant square wave voltammograms of extracted samples
are shown in Fig. 5 (I) for buffer (a), blank plasma (b) and
spiked sample (c, 2000 ng.mL−1). As can be seen there is no
interference from the plasma sample. Three concentrations of
acetaminophen spiked plasma were tested (200, 1000 and
2000 ng.mL−1). The percent recoveries for these studies are
summarized in Table 3.

Determination of acetaminophen in human urine

Figure 5 (II) depicts the square wave voltammograms of
buffer and urine samples. The unextracted blank urine
reveals a sharp peak in the range of potential for which
acetaminophen is analyzed. This peak was present in three
different sources of urine. Therefore the extraction of urine
with ethyl acetate was necessary. Figure 5 (II) depicts the
SWV of buffer (a) blank urine prior to extraction (b) blank
urine after extraction (c) and spiked urine sample (d,
2000 ng.mL−1). Three concentrations of acetaminophen
spiked urine were tested (200, 1000 and 2000 ng.mL−1).
The percent recovery for these studies is shown in Table 3.

Conclusion

The high electroactive surface area and excellent electronic
conductivity of multi-walled carbon nanotubes made their
use in these studies, feasible. Several different ratios of
MWNCTs:graphite/GC electrodes were made and voltam-
metric studies conducted using these electrodes were
compared to those generated using glassy carbon electrode.
The best ratio to use for the MWCNTs:graphite was 1:1 and
all other studies were conducted using this electrode. The
results were similar but more sensitive than those obtained
for glassy carbon electrode using the square wave voltam-
metry in buffer solution pH 5. The limit of detection for the
analysis of acetaminophen by this method was 25 ng.mL−1.
The electrode was successfully used for the determination
of acetaminophen in tablets directly without any separation
steps and also in biological fluids with good percent
recovery and RSD. The sample preparation is easy and
the method is reproducible.

Acknowledgements The authors would like to acknowledge finan-
cial assistance from Tehran University of Medical Sciences, Tehran,
Iran.

References

1. Liu Y, Wei W, Zhai X, Zeng J (2009) A novel carbon nanotube-
modified biosensor containing a dsDNA-Ni(II) complex mem-
brane, and its use for electro-catalytic oxidation of methanol in
alkaline medium. Microchim Acta 164:167

2. Mohammadi A, Bayandori Moghaddam A, Dinarvand R, Rezaei-
Zarchi S (2009) Direct electron transfer of polyphenol oxidase on
carbon nanotube surfaces: application in biosensing. Int J Electro-
chem Sci 4:895

3. Sun D, Zhang H (2007) Electrochemical determination of acetamin-
ophen using a glassy carbon electrode coated with a single-wall
carbon nanotube-dicetyl phosphate film. Microchim Acta 158:131

4. Sun D, Sun Z (2008) Electrochemical determination of Pb2+ using
a carbon nanotube/Nafion composite film-modified electrode. J
Appl Electrochem 38:1223

5. Zhang WD, Chen J, Jiang LC, Yu YX, Zhang JQ (2010) A highly
sensitive nonenzymatic glucose sensor based on NiO-modified
multi-walled carbon nanotubes. Microchim Acta 168:259

6. Wan Q, Wang X, Yu F, Wang X, Yang N (2009) Effects of
capacitance and resistance of MWNT-film coated electrodes on
voltammetric detection of acetaminophen. J Appl Electrochem
39:1145

7. Fanjul-Bolado P, Lamas-Ardisana PJ, Hernandez-Santos D, Costa-
Garcia A (2009) Electrochemical study and flow injection analysis of
paracetamol in pharmaceutical formulations based on screen-printed
electrodes and carbon nanotubes. Anal Chim Acta 638:133

8. Xiong H, Xu H, Wang L, Wang S (2009) Characterization and
sensing properties of a carbon nanotube paste electrode for
acetaminophen. Microchim Acta 167:129

9. Palgarin JAM, Bermejo LFG (1996) Flow-injection stopped-flow
spectrofluorimetric kinetic determination of paracetamol based on
its oxidation reaction by hexacyanoferrate (III). Anal Chim Acta
333:59

10. Canada MJA, Reguera PMI, Ruiz Medina A (2000) Fast
determination of paracetamol by using a very simple photometric
flow-through sensing device. J Pharm Biomed Anal 22:59

11. Ramos ML, Tyson JF, Curran DJ (1998) Determination of
acetaminophen by flow injection with on-line chemical derivati-
zation: Investigations using visible and FT IR spectrophotometry.
Anal Chim Acta 364:107

12. Li M, Jing L (2007) Electrochemical behavior of acetaminophen
and its detection on the PANI-MWCNTs composite modified
electrode. Electrochim Acta 52:3250

13. Haran BM, Gopu G, Vedhi C (2009) Determination of analgesics
in pharmaceutical formulations and urine samples using nano
polypyrrole modified glassy carbon electrode. J Appl Electrochem
39:1177

14. Mohammadi A, Bayandori Moghaddam A, Kazemzad M,
Dinarvand R, Badraghi J (2009) Synthesis of nickel oxides
nanoparticles on glassy carbon as an electron transfer facilitator
for horseradish peroxidase: direct electron transfer and H2O2

determination. Mat Sci Eng C 29:1752
15. Mohammadi A, Bayandori Moghaddam A, Dinarvand R, Badraghi

J, Atyabi F, Saboury AA (2008) Bioelectrocatalysis of methyldopa
by adsorbed tyrosinase on the surface of modified glassy carbon with
carbon nanotubes. Int J Electrochem Sci 3:1248

16. Silva MLS, Carcia MBQ, Lima JLFC, Barrado E (2006) Modified
tubular electrode in a multi-commutated flow system. Determination
of acetaminophen in blood serum and pharmaceutical formulations.
Anal Chim Acta 573–574:383

17. Cao BCL, Medeiros RA, Rocha-Filho RC, Mazo LH (2009)
Simultaneous voltammetric determination of paracetamol and
caffeine in pharmaceutical formulations using a boron-doped
diamond electrode. Talanta 78:748

The determination of acetaminophen using a carbon nanotube 383



18. Radovan C, Cofan C, Cinghita D (2008) Simultaneous determi-
nation of acetaminophen and ascorbic acid at an unmodified
boron-doped diamond electrode by differential pulse voltammetry
in buffered media. Electroanalysis 20:1346

19. Cofan C, Radovan C (2008) Simultaneous chronoamperometric
sensing of ascorbic acid and acetaminophen at a boron-doped
diamond electrode. Sensors 8:3952

20. Guan XS, Zhang H, Zheng J (2008) Electrochemical behavior and
differential pulse voltammetric determination of paracetamol at a
carbon ionic liquid electrode. Anal Bioanal Chem 391:1049

21. Kumar SA, Tang CF, Chen SM (2008) Electroanalytical determi-
nation of acetaminophen using nano-TiO2/polymer coated elec-
trode in the presence of dopamine. Talanta 76:997

22. Sima V, Cristea C, Lapadus F, Marian IO, Marian A, Sandulescu
R (2008) Electroanalytical properties of a novel biosensor
modified with zirconium alcoxide porous gels for the detection
of acetaminophen. J Pharm Biomed Anal 48:1195

23. Wang SF, Xie F, Hu RF (2007) Carbon-coated nickel magnetic
nanoparticles modified electrodes as a sensor for determination of
acetaminophen. Sens Actuators B: Chem 123:495

24. Xu Z, Yue Q, Zhuang Z, Xiao D (2009) Flow injection
amperometric determination of acetaminophen at a gold nano-
particle modified carbon paste electrode. Microchim Acta 164:387

25. Jia L, Zhang XH, Li Q, Wang SF (2007) Determination of
acetaminophen by square wave voltammetry at a gold electrode
modified by 4-amino-2-mercaptopyrimidine self-assembled mono-
layers. J Anal Chem 62:266

26. Li M, Jing L (2007) Electrochemical behavior of acetaminophen
and its detection on the PANI-MWCNTs composite modified
electrode. Electrochim Acta 52:3250

27. Duan LS, Xie F, Zhou F, Wang SF (2007) The electrochemical
behavior of acetaminophen on multi-walled carbon nanotubes
modified electrode and its analytical application. Anal Lett
40:2653

28. Kachoosangi RT, Wildgoose GG, Comptom RG (2008) Sensitive
adsorptive stripping voltammetric determination of paracetamol at
multiwalled carbon nanotube modified basal plane pyrolytic
graphite electrode. Anal Chim Acta 618:54

29. Muralidharan B, Gopu G, Vedhi C, Manisankar P (2008)
Determination of analgesics using a montmorillonite modified
electrode. Appl Clay Sci 42:206

30. Ghorbani-Bidkorbeh F, Shahrokhian S, Mohammadi A, Dinarvand
R (2010) Simultaneous voltammetric determination of tramadol and
acetaminophen using carbon nanoparticles modified glassy carbon
electrode. Electrochim Acta 55:2752

31. Miner D, Rice J, Riggin R, Kissinger P (1981) Voltammetry of
acetaminophen and its metabolites. Anal Chem 53:2258

32. Radi A, El-Shahawi MS, Elmogy T (2005) Differential pulse
voltammetric determination of the dopaminergic agonist bro-
mocriptine at glassy carbon electrode. J Pharm Biomed Anal
37:195

33. The United States Pharmacopoeia Convention, United States
Pharmacopoeia 30, Acetaminophen Tablets, The United States
Pharmacopoeia Convention, Rockville, USA, 2006

384 A.B. Moghaddam et al.


	The determination of acetaminophen using a carbon nanotube:graphite-based electrode
	Abstract
	Introduction
	Experimental
	Apparatus
	Chemicals and reagents
	Preparation of MWCNTs: graphite/GC electrode
	Preparation of stock and standard solutions
	Extraction procedure
	Tablet assay procedure
	Calibration and system validation

	Results and discussion
	Scanning electron microscopic characterization of MWCNTs and MWCNTs: graphite mixture
	Voltammetric study of the acetaminophen using different carbon electrodes
	Analytical application
	Assay of acetaminophen in tablets
	Determination of acetaminophen in human plasma
	Determination of acetaminophen in human urine

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


