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Abstract
The electrochemical behavior of acetaminophen on a gold nanoparticles (nAu) carbon paste electrode (CPE) was inve-

stigated. Cyclic voltammograms of acetaminophen with nAu-CPE exhibited two well defined redox waves for anodic

and cathodic peak, respectively. The oxidation reaction of acetaminophen was studied with differential pulse voltamme-

try (DPV) and square wave voltammetry (SWV). The oxidation of acetaminophen occurs at 405 and 440 mV by DPV

and SWV, respectively.

Under the optimum pH of 4.7 in 0.1 mol l–1 Britton–Robinson (B-R) buffer solution, the DPV anodic peak current sho-

wed a linear relation versus acetaminophen concentration in the range of 5.0 × 10–8 – 1.0 × 10–4 mol l–1 with a detection

limit of 2.6 × 10–8 for DPV, and from 9.0 × 10–7 – 1.0 × 10–4 mol l–1 for SWV with a detection limit of 1.0 × 10–7. The

performance of this modified electrode was verified by the determination of acetaminophen in dosage form tablet. The

result obtained in the recovery study was comparable to its labeled.
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1. Introduction
Acetaminophen (N-acetyl-P-aminophenol or Para-

cetamol, AP) is a long-established substance being one of
the most extensively employed drugs in the world. It is a
valuable non-steroidal anti-inflammatory drug that is wi-
dely used for the management of pain and fever, as well as
for simple headaches, in a variety of patients including
children, the elderly and those with osteoarthritis. It is pri-
mary metabolic pathways involving the liver oxidation.1,2

The large scale therapeutic use of this drug genera-
ted the need for the development of fast, simple and accu-
rate methodologies for the determination of AP; for qua-
lity control analysis (in pharmaceutical formulations) and
for medical control (in biological fluids as urine, blood
and plasma).3

CPE was introduced by Adams in 1958.4 The ease
and speed of preparation, obtaining a new producible sur-
face and low cost of carbon paste are advantages of CPEs
over other electrodes.5 Carbon pastes undoubtedly repre-

sent one of the most convenient materials for the prepara-
tion of modified electrode.6 Preparation of chemically
modified carbon paste electrode (CMCPE) is very simple
and fast.7 By adding modifier materials in paste can im-
prove the electrode selectivity and sensitivity.8 CMCPEs
mainly used in the field of voltammetric determina-
tion.9–14

Colloidal nAu have been extensively used for elec-
trochemical labeling and are usually embedded or coim-
mobilized into the CPE.15 Due to their physical characteri-
stics, the hydrophilic nAu and much smaller nAu, may be
possible leaked out and cause some problems such as sen-
sor design, the wettability balance needs to be turned bet-
ween the hydrophobic paraffin oil and hydrophilic nAu.16

As it is well known, these modified carbon paste electrode
can be prepared by mixing the metal nanoparticles with
graphite powder and the binder. Many assays have been
described for AP including titrimetry,17 chromatography,18

capillary electrophoresis,19,20 colorimetry,21 UV spectrop-
hotometry22–24 and various modes of electrochemistry.2,25,26
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Electrochemical methods, specially the voltammetric and
the amperometric methods give the opportunity to study
the oxidation mechanism, the redox metabolites and their
detection from pharmaceuticals and body fluids.27

The main objective of this work was to develop a
simple but sensitive electrochemical sensor for the deter-
mination of AP. Based on the good electrocatalytic acti-
vity of nAu modified CPE toward the electrochemical
oxidation of AP, a very sensitive and selective electroche-
mical method has been proposed for the determination of
AP in pharmaceutical samples.

2. Experimental

2. 1. Apparatus
Voltammetric experiments were recorded with a

M273 electrochemical workstation (EG&G Corporation
USA) with a conventional three-electrode system. This
equipment was equipped with a CPE (unmodified and
modified) as the working electrode, a saturated calomel
electrode (SCE) as the reference electrode and a platinum
wire (Metrohm) as the counter electrode. The measure-
ments of pH were made with a Metrohm 691 pH meter
(Metrohm Ltd., Switzerland) using a combined glass elec-
trode. Demineral water was formed with an ultrapure wa-
ter system (smart 2 pure, TKA, Germany).

2. 2. Materials

AP was purchased from Farabi Pharmacy Company
in Iran. nAu were prepared with hydrogen tetrachloroau-
rate (HAuCl4) purchased from Merck. All other chemical
reagents were purchased from Merck and were of analyti-
cal grade. These chemicals were used without further pu-
rification. All aqueous solutions were prepared in dimine-
ral water and the experiments were carried out at room
temperature. Stock solutions of AP was freshly prepared
as required in 0.2 mol l–1 (B-R) buffer at pH 4.7 and were
used as the supporting electrolyte. For the determination
of AP in commercial vitamin preparations and tablets,
each tablet was crushed with a mortar and pestle, and a
suitable amount of powdered sample was dissolved in 100
ml of the buffer solution. The commercial samples were
purchased from a local drugstore.

2. 3. Preparation of Gold Nanoparticles

Colloidal nAu were prepared, according to the lite-
rature,17 by adding 0.5 ml of 1% sodium citrate solution to
50 ml of 0.01% HAuCl4 (heated and stirred). The mixture
was maintained at the boiling point for 15 min and stirred
for another 15 min after removing the heating source to
produce colloidal nAu with a diameter of 24 nm. The ma-
ximum UV-Vis absorption peak for the synthesized colloi-
dal nAu was at 520 nm. The colloidal gold solution was

stored in a refrigerator inside a dark-colored glass bottle
until it was used.

2. 4. Preparation of CPEs

CPE was prepared according to the literature28 by
thoroughly mixing graphite powder and paraffin oil. (1g:
360 μl). The nAu- CPE was prepared according to the fol-
lowing procedure. One gram of graphite powder was tho-
roughly mixed with 3 ml of the 24 nm colloidal nAu solu-
tion, after the water was evaporated, 360 μl paraffin oil
were added to the mixture. A portion of the resulting paste
was packed into the end of an insulin syringe (i.d:5 mm).
Electrical contact to the paste was established by inserting
a copper wire down through the syringe and into the back
of the mixture. The surface was smoothed on a piece of
weighing paper. A new surface can be obtained by pus-
hing an excess of paste out of the tube, removing this ex-
cess, and mechanically polishing the electrode surface.

2. 5. Analytical Procedure

A certain volume of AP stock solution was transfer-
red into the cell containing 10.0 ml of 0.2 mol l–1 (B-R)
buffer (pH 4.7), and then the three-electrode system was
installed on it. Differential pulse voltammetric determina-
tion was performed in the potential range of 100–800 mV
(vs. SCE) and the oxidation peak currents at 405 mV was
recorded for oxidation of AP. The square wave voltammo-
grams for AP was recorded in the same method with the
frequency of 40.0 Hz. The cyclic voltammograms were
obtained by scanning the potential from 200 to 800 mV
(vs. SCE) at a scan rate 100 mVs–1. All measurements we-
re carried out at room temperature.

3. Results and Discussion

3. 1. Voltammetric Behavior 
of AP at nAu-CPE

The cyclic voltammograms for AP, with modified
and unmodified CPE as the working electrodes are shown
in Figure 1. The electrochemical reaction of AP is quasi-
reversible at both electrodes. At the unmodified electrode
(a) the AP peak potential separation is about 112 mV. Mo-
reover, the cathodic peak current is very small compared
to the anodic peak current, and the cathodic and anodic
peaks were rather broad. These results indicate the slow
electron transfer rates for the oxidation of this molecule at
the CPE. In comparison to a CPE, the reversibility of AP
at nAu-CPE (b) is improved, so that the anodic and catho-
dic peak potential separation becomes 100 mV, and the
ipa/ipc ratio is near unity. The negative shift with an enhan-
ced peak current and a sharper peak indicates an enhanced
electron transfer rate at the surface of nAu- CPE.
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Figure 1. Cyclic voltammograms of 2.5 × 10–6 mol l–1 AP in 0.2

mol l–1 B-R buffer (pH 4.7) at the (a) unmodified CPE and (b) mo-

dified CPE. Scan rate = 100 mVs–1.

3. 2. Effect of Scan Rate

The influence of scan rate (v) on the electrochemi-
cal behavior of AP on the nAu-CPE was investigated in
the range of 20–500 mVs–1 (Figure 2A). The redox peak
current increases linearly with the increase of square
root of scan rate, demonstrating the diffusion-controlled

process of AP on the nAu-CPE. The linear regression
equation was ipa= 489.5 + 382.0 v1/2 (ipa: nA, v: mVs–1),
ipc = –827.6 – 182.4 v1/2 (ipc: nA, v: mVs–1) with the cor-
relation coefficient of 0.9958 and 0.9958, respectively
(Figure 2B).

3. 3. Effect of pH

The voltammetric, potentiometric or amperometric
determination of AP is based on its electrochemical beha-
vior. In CV studies, Kissinger et. al.29, 30 described the
electrochemical oxidation of AP. They suggested the fol-
lowing mechanism:

The first step is an electrochemical oxidation by
two-electron, two-proton process. The result is N-acetyl-
p-quinoneimine, which suffers some none electrochemi-
cal but pH dependent reactions, and the final product is a
benzoquinone.

The electrochemical behavior of AP was investiga-
ted over a pH range of 2 to 11. It was observed that the
oxidation potential decreased when the pH of the AP solu-
tion increased. This behavior was attributed to the increa-
sing amount of hydrolysis that occurs as the pH is increa-
sed, leading to the formation of reducing compounds such
as p-hydroxyaniline.31 The negative shift in anodic peak
potential (Epa) with pH can be described by the following
equation:

Epa (mV vs. SCE) = 635.3 – 53.0 pH (1)

The theoretical slope for the plot of Epa versus pH
for a classical Nernstian two-electron, two-proton process
is –59 mV pH–1. A slope of –53.0 mV pH–1 was obtained
in these experiments. This value is close to that found by
Gilmartin and Hart32 who reported a slope –46.5 mV pH–1

over a similar range of pH to that utilized here. These aut-
hors suggest a more complex oxidation mechanism for
AP. When the pH is increased above 10, oxidation beco-
mes kinetically less favorable, and adsorption of analyte
onto the electrode surface occurs more readily. This is
presumably due to the presence of the phenoxide form.
When the pH is more acidic, the stability of AP is maintai-
ned through the inhibition of hydrolysis.

The selection of a suitable pH involved a compromi-
se between sensitivity and the electrochemical behavior of
AP in acidic and alkaline solutions. The maximum anodic
current was obtained at pH 4.7, using 0.2 mol l–1 B-R buf-
fer. Therefore, pH 4.7 was selected for subsequent studies.

a)

b)

Figure 2. (a) Cyclic voltammograms of nAu-CPE in 0.2 mol l–1

B-R buffer (pH 4.7) for AP at different scan rates (a-h): 20, 40, 80,

100, 200, 300, 400 and 500 mV/s. (b) Plots of anodic and cathodic

peak currents vs. v1/2.
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3. 4. Analytical Applications

3. 4. 1. The Linear Relation Range and 
the Relative Standard Deviation

Since DPV and SWV have a much higher current
sensitivity than CV, these methods were used to estimate
the lower range of detection limit and determination of
AP. For determination of AP, DPV was carried out in the
potential range of 100 to 800 mV. Samples with the con-
centration from 5.0 × 10–8 to 1.0 × 10–4 of AP were expe-
rimented under optimized conditions. Each determination
was repeated six times. The results of these experiments
were illustrated for DPV and SWV in Figures 3 and 4, res-
pectively.

The calibration curve of AP in 0.2 mol l–1 B-R buffer
solution (pH 4.7) at nAu-CPE was also established by
DPV. The relationship between AP concentration and the
oxidation peak current in the concentration range of 5.0 ×
10– 8 to 1.0 × 10– 4 mol l–1 can be described with a regres-
sion equation of ipa = 1.0 × 10– 7 C + 27.73 (r = 0.996, C in
mol L–1, ipa in nA) (inset in Figure 3).

Under the optimized experiment conditions descri-
bed above, a detection limit of 2.6 × 10–8 mol l–1 AP was
obtained with an accumulation for 4 minute at open cir-
cuit. The relative standard deviation (RSD) of 4.6 % for 6
times parallel detection of 1.0 × 10–7 mol l–1 AP, sugge-
sting excellent reproducibility and repeatability of nAu-
CPE.

The electrooxidation of AP under similar conditions
was also studied using SWV technique. Typical square
wave voltammograms are shown in Figure 4. The analyti-
cal curve is linear in the concentration range from 9.0 ×
10–7 – 1.0 × 10–4 mol l–1 (inset in Figure 4).

The detection limit using SWV method was 1.0 ×
10–7 mol l–1. RSD of 5.3 % for 6 times parallel detection
of 1.0 × 10–6 mol l–1 AP, was obtained. These results are
comparable with values reported by other research groups
(Table 1).

Figure 4. SWV of AP on nAu-CPE at different AP concentration

from 9.0 × 10–7 – 1.0 × 10–4 mol l–1: (Inset) linear relationship bet-

ween i and AP concentration.

3. 5. Real Sample Analysis

DPV was applied for the quantitative determina-
tion of AP from dosage forms with the standard addi-
tion method. Tablet was weighed and then powdered.
Suitable amount of powdered tablet was weighed accu-
rately and placed into a backer with a magnet. AP sam-
ples were dissolved in dimineral water. After complete
dissolution of samples, solution with different concen-
tration prepared. For the standard addition method, 5.0
ml of unknown sample solutions that prepared in 0.2
mol l–1 B-R buffer (pH 4.7) was pipetted into the vol-
tammetric cell. Five voltmmograms were recorded af-
ter adding different volumes of AP standard solution

Table 1. Comparison of the efficiency of some modified electrodes used in the electrocatalysis of AP

Electrode Modifier pH Detection Linear Ref.
limit (μM) Range (μM)

CPE Thionine immobilized on multi-walled carbon nanotube 4.0 0.05 0.1– 100.0 3

CPE in situ surfactant-modified multi-walled carbon nanotube 7.0 0.0258 0.291–62.7 33

CPE multi-wall carbon nanotubes 5.5 0.043 0.15 –126 35

CPE gold nanoparticle 4.7 0.33 0.66–530 35

CPE gold nanoparticle 4.7 0.026 0.05–100.0 This work

Figure 3. DPV of AP on nAu-CPE at different AP concentration

from 5.0 × 10– 8 –1.0 × 10– 4 mol l–1: (Inset) linear relationship bet-

ween ipa and AP concentration.
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under the same conditions as above. The results of
comparison between observed and reported AP concen-
tration in tablets/ vial are shown in Table 2. The results
obtained in the study were comparable to its labeled.
All the commercials samples of these drugs were pro-
duced in Iran.

Table 2. A comparison between observed and reported AP concen-

tration in tablets/vial.

Tablet (syrup) name/ Reported Observed Error 
company name concentration concentration (%)

(mol l–1) (mol l–1)
Acetaminophen325mg 2.3 × 10–7 2.2 × 10–7 –4.3

(Chemidaru 

Pharmaceutical Co. Iran)

cetaminophen codeine 5.0 × 10–4 4.7 × 10–4 –6.0

500 mg A (Exir 

Pharmaceutical Co. Iran)

Acetaminophen syrup 8.5 × 10–5 8.6 × 10–5 1.18

60 mL (Minoo 

Pharmaceutical Co.Tehran-Iran 

3. 6. Recovery Test

Recovery tests of AP were carried out in the concen-
tration range of 1.5 × 10–6–8.5 × 10–5 mol l–1. The results
obtained are listed in Table. 3. Recoveries have been
found to lie in the ranges of 94.0 to 103%.

Table 3. Recovery data observed for AP at different concentrations

Added (mol l–1) Detected (mol l–1) Recovery (%)
1.5 × 10–6 1.7 × 10–6 103.0

7.5 × 10–5 7.5 × 10–5 100.0

1.5 × 10–5 1.4 × 10–5 93.3

3. 7. Interference Studies

The effect of possible Interferences was investigated
by the addition of other compounds to a solution contai-
ning 2.0 × 10–5 mol l–1 AP in 0.2 mol l–1 B-R buffer solu-
tion. Each possible contaminant was first added to have
the same concentration as that of AP and then another ad-
dition cause that the concentration of interfering was in-
creased. When the peak current change exceeded 5%, in-
dicating that the substance caused obvious interference,
the corresponding concentration was defined as the tole-
rance level of the interferent and the results of presence of
these foreign substances on the oxidation peak are shown
in Table 4.

Table. 4. Interferences of foreign substances on the oxidation peak

of 2.0 × 10–5 mol l–1 AP

Foreign substances Tolerance level (mol l–1)
Ascorbic acid 40

Penicilline, Amoxicilline, Uric acid 20

Imidazole, Aspirin, Cloxacillin 10

4. Conclusion

The voltammetric methods were applied for the as-
say of trace amount of AP involving oxidation at a nAu-
CPE. These methods were simple, requiring no separation
stage, rapid and sufficiently precise for the routine assay
of AP in AP tablets and vials. Finally, the methods propo-
sed have a low, submicromolar detection limit with excel-
lent reproducibility. The results demonstrated that the n-
Au-CPE give several distinct advantages, including an ex-
traordinary, stability, high surface charge transfer rate
constant and good detection limit for AP. Also the modi-
fied electrode exhibited an attractive ability for AP deter-
mination in trace amount of concentration.
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Povzetek
Raziskano je bilo elektrokemijsko obna{anje acetaminofena na elektrodi z ogljikovo pasto z dodatkom nanodelcev iz

zlata. Cikli~ni voltamogrami ka`ejo dobro definirana katodna in anodna vrhova. Pri uporabi diferen~ne pulzne voltame-

trije (DPV) opazimo oksidacijo pri 405 mV, pri uporabi »square wave« voltametrije (SWV) pa pri 440 mV. V 0,1 

mol l–1 Britton–Robinsonovem (B-R) pufru je pri pH 4,7 zveza med anodnim tokom linearna v obmo~ju med 5,0 × 10–8

in 1,0 × 10–4 mol l–1 z mejo zaznave 2,6 × 10–8 (DPP) in od 9,0 × 10–7 do 1,0 × 10–4 mol l–1 z mejo zaznave 1,0 × 10–7

(SWV). Uporabnost modificirane elektrode je bila preverjena z dolo~anjem acetaminofena v tabletah. Rezultati meritev

so bili primerljivi z vrednostmi na oznakah.


