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Abstract 
A simple and high sensitive electrochemical method was developed for determination of phenylephrine 

(PHE) in the presence of acetaminophen (AC) at the carbon-ceramic electrode modified by multi-walled 
carbon nanotubes/ionic liquid nanocomposite (MWCNTs/IL/CCE). Cyclic voltammetry (CV) and differential 
pulse voltammetry (DPV) and chronoamperometry methods were used for electrochemical studies and 
measurements, respectively. The obtained results show that the MWCNTs/IL/CCE exhibited high 
electrocatalytic activity towards the oxidation of PHE. Under the optimum conditions, the anodic peak 
current in DPV is linear to the PHE concentration over the ranges of 3×10-7 M-100×10-6 M with a 
correlation coefficient of 0.998 and detection limit of 1.7×10-7 M. DPV was also used for simultaneous 
determination of PHE and AC in the same conditions. The stability, reproducibility and repeatability of the 
modified electrode were investigated and obtained relative standard deviations show that the 
MWCNTs/IL/CCE has excellent stability, reproducibility and repeatability. Finally, the nanocomposite 
modified electrode was effectively applied for determination of PHE and AC in some real samples without 
any interference. 

Keywords. Multi-walled carbon nanotubes, Ionic liquid, Nanocomposite, Carbon-ceramic electrode, 
Phenylephrine, Acetaminophen. 

 
1. INRODUCTION  
Phenylephrine (PHE) [(R)-2-methylamino-
1-(3-hydroxyphenyl) ethanol 
hydrochloride], is an alpha-adrenergic 
(sympathomimetic) agent which stimulates 
alpha-adrenergic receptors, produces 
pronounced vasoconstriction and decreases 
the volume of nasal mucosa. PHE is in a 
class of medications called nasal 
decongestants which work by reducing 
swelling of the blood vessels in the nasal 
passages without stimulating effects on the 
central nervous system [1]. It is 
incorporated in a number of 
pharmaceutical preparations either alone 
or, more frequently, associated with other 

active ingredients. Dosage forms include 
tablets, syrups, eye drops and injections 
[2]. It is indicated for use by adults and 
children for the temporary relief of nasal 
congestion inducing by the common cold, 
hay fever, or other upper respiratory 
allergies [3]. Several pharmaceutical 
preparations contain both PHE and   
acetaminophen (AC) (N-acetyl-p-
aminophenol, a commonly used analgesic 
and antipyretic drug) in different ratios (in 
the range 30:1-100:1) are widely used in 
diseases accompanied by cough, pain and 
fever such as the common cold and other 
viral infections as an analgesic, antipyretic, 
decongestant, antihistamine and antitussive
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[4]. The necessity to ensure the quality of 
pharmaceutical polydrugs (PHE and AC), 
and consequently the safety and efficacy of 
the final marketed product, and 
determination of PHE and AC in biological 
fluids, have led to the development and 
evaluation of techniques that can reduce the 
time and cost of analysis. Electrochemical 
methods, owing to their relatively low cost, 

efficiency, high sensitivity, and ease of 
operation are suitable for simultaneous 
electrochemical determination of PHE and 
AC. In spite of publishing many papers 
about the individual electrochemical 
determination of the PHE [5-8] and AC [9-
13], only one paper reported for the 
electrochemical simultaneous determination 
of these drugs, in which 

a chemically modified electrode based on 
nickel phosphate nanoparticles modified 
carbon paste electrode (Ni-NP/CPE) was 
employed for the simultaneous 
determination of paracetamol, phenylephrine 
hydrochloride and chlorpheniramine maleate 
in pharmaceutical samples [14]. On the 
other hand, although there are lots of 
analytical methods for simultaneous 
determination of PHE and AC, most 
researchers have focused on non-
electrochemical methods and only a 
work devoted to electrochemical 
simultaneous determination of PHE and AC. 
Hence, it is desirable and need more 
investigations to develop the new and 
efficient electrochemical methods which are 
simple, sensitive, selective and less 
expensive methods for the determination of 
PHE and AC. 

In this work, we report for the first time, 
the application of multi-walled carbon 
nanotubes/ionic liquid nanocomposite 
modified carbon-ceramic electrode 
(MWCNTs/IL/CCE) for the study of the 
electrochemical behavior of PHE and 
simultaneous determination of PHE and AC. 
Basically, by combining the advantages of  
(I) CCE, which has high conductivity, 
relative chemical inertness, wide operational 
voltage window, good mechanical 
properties, physical rigidity, amenable 
chemical or biological modification and 
stability in various solvents [15], (II) 
MWCNTs, because of their unique physical 
and electronic properties, such as high 

electronic conductivity, high surface/volume 
ratio and unique ability to promote electron 
transfer, have driven an impressive research 
effort in electrochemical devoices [16-20] 
and (III) ILs [21-25], composed of organic 
cation and inorganic anion has been 
extensively used as the modifiers for 
fabrication of the present modified 
electrode. It is widely accepted that the 
successful combination of CNTs and ILs has 
been proved to be a breakthrough in 
materials science and chemistry because of 
the unique properties and the striking 
applications of both kinds of materials 
which have enabled them to be 
electrochemically useful. Also, it is 
reasonably envisaged that a combination of 
CNTs and ILs could offer a new way to 
production of nanocomposite materials with 
multi-functional properties benefited from 
the CNTs and ILs alone properties [24-26]. 
Consequently, the electrochemical sensors 
and biosensors based on CNTs/ILs 
nanocomposite are becoming a new research 
focus in the past decade [27, 28].  So, here, 
the MWCNTs/IL/CCE sensor was designed 
via a simple, fast and repeatable procedure. 
The electrochemical behavior of PHE on 
MWCNTs/IL/CCE shows that it exhibits 
obvious electrocatalytic activity to PHE 
oxidation, since it greatly enhances the 
oxidation peak current of PHE with respect 
to unmodified CCE and MWCNTs/CCE. 
Stability, electrocatalytic activities and 
electroanalytical applications of 
MWCNTs/IL/CCE towards the oxidation 
and detection of PHE were evaluated by 



 

International Journal of Nanoscience and Nanotechnology                    205 

different electrochemical techniques. But, 
the main target of this work was to develop 
an efficient electrochemical sensor for the 
simultaneous determination of PHE and AC. 
The electrooxidation of AC was also studied 
at the MWCNTs/IL/CCE and it was shown 
that the anodic peaks for the 
electrooxidation of PHE and AC could be 
well resolved. By this way, the advantages 
of the MWCNTs and present IL integrate 
with the favorable electrochemical 
characteristics of carbon-ceramic electrode 
and consequently excellent properties such 
as high electrocatalytic properties, high 
stability and ease of fabrication are obtained 
for the preparation of a sensitive and 
selective electrochemical sensor for the 
simultaneous determination of PHE and AC 
and their determination in real samples.  

 
2. EXPERIMENTAL 
2.1. Chemicals 

MWCNTs with a 95% purity (10-20 nm 
diameters) and 1μm length were obtained 
from Nanolab (Brighton, MA 02135). Room 
temperature ionic liquid [1-ethyl-3-methyl 
imidazolium tetrafluoroborate (EMI-BF4)], 
methyl trimethoxy silane (MTMOS), 
phenylephrine, acetaminophen and other 
chemicals were purchased from Merck or 
Fluka and used without any further 
purification. Phosphate buffer solutions, 0.1 
M of different pH value were prepared from 
stock solutions of 0.1 M H3PO4, NaH2PO4, 
Na2HPO4 and NaOH. Doubly distilled water 
was used throughout the experiments. Real 
samples including acetaminophen-codeine 
tablets, and exacold tablets were supplied 
from Kharazmi Pharmaceutical (Tehran-
Iran) and Poursina Pharmaceutical (Tehran-
Iran) respectively. 

 
2.2. Apparatus 

The electrochemical experiments were 
carried out using an AUTOLAB PGSTAT-
100 (potentiostat/galvanostat) equipped with 

a USB electrochemical interface and driven 
by a GPES 4.9 software package (Eco 
Chemie, The Netherlands) in conjunction 
with a three-electrode system and a personal 
computer for data storage and processing. A 
three-electrode cell system composed of a 
saturated calomel electrode (SCE) as the 
reference electrode, a platinum wire as the 
auxiliary electrode, and the nanocomposite 
modified electrode as the working electrode 
was employed for the electrochemical 
studies. Scanning electron microscopy 
(SEM) was performed on a LEO 440i 
Oxford instrument. 

 
2.3. Procedures 
2.3.1. Preparation of the Bare CCE 

The bare carbon ceramic electrode was 
prepared according to the procedure 
described by Lev and co-workers [15] by 
mixing 0.6 mL MTMOS, 0.9 mL methanol 
and 0.6 mL hydrochloric acid (0.1 M). This 
mixture was magnetically stirred for 20 min, 
after which 0.3 g graphite powder was added 
and the resultant mixture was stirred for 
additional 15 min. A 5 mm length of a 
Teflon tube (3-4 mm inner diameter) was 
filled with the sol-gel carbon mixture, hand 
pressed and dried under ambient conditions 
(25 ◦C). A copper wire was inserted through 
the composite end of the working electrode 
to establish electrical contact. 

 
2.3.2. Modification of CCE Surface with 
MWCNTs 
   In order to prepare the MWCNTs/CCE, 
first it is needed to disperse MWCNTs in a 
proper solvent. In this regard, 2.0 mg 
MWCNTs was added to the 5 mL mixture of 
water and dimethyl formamide (3:1). Then it 
was placed in an ultrasonic bath and 
sonicated for 15 min. After that 20 µL of the 
prepared MWCNTs suspension was 
transferred onto the polished bare CCE and 
led it to adsorbed and dried on the CCE 
during 24 h.  
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2.3.3. Preparation of the CCE Modified 
with MWCNTs/IL Nanocomposite 

For preparation of the carbon-ceramic 
electrode modified with MWCNTs/IL 
nanocomposite, first, 3.0 mg of MWCNTs 
and 6.0 µL of EMI-BF4 were mixed using 
pestle and mortar for 15 min until a 
homogeneous black gel was obtained. After 
that, 0.1 mg MWCNTs/IL gel was 
transferred into an unfilled Teflon tube (3-4 
mm inner diameter) to get a very thin gel 
film at the end of tube. Then, the remaining 
empty part of the Teflon tube was filled with 
the sol-gel carbon mixture, hand pressed and 
dried under ambient conditions (25 ◦C). A 
copper wire was also inserted through the 
composite end of the electrode to establish 
electrical contact. The resulting modified 
electrode was referred as 
MWCNTs/IL/CCE.  

 
3. RESULTS AND DISCUSSION 
3.1. Characterization of MWCNTs/IL/CCE 

Figure 1 displays the surface 
morphology of the unmodified CCE (image 
A), MWCNTs/CCE (image B) and 
MWCNTs/IL/CCE (image C). It is evident 
that the surface morphology of the bare CCE 
is dense, scaly and has high porosity. Image 
B shows the SEM image of the same 
electrode after MWCNTs casting on the 
surface of CCE. The MWCNTs film was 
uniformly coated on the CCE surface and 
formed a spaghetti-like porous reticular 
formation. While, SEM image of 
MWCNTs/IL/CCE (C) is different from 
image B and also image A. The MWCNTs 
are untangled after being treated with the IL 
and a uniform film appeared and the surface 
of electrode was completely covered by 
nanocomposite modifier (MWCNTs/IL). 

In order to electrochemical 
characterization of the nanocomposite 
modified electrode such as stability, 
reproducibility and electroactive real surface 
area which are extremely important for a 
modified electrode, the common reference 

compound, potassium hexacyanoferrate 
(III)/(II) system, [Fe(CN)6

3-/4-], was used. 
The obtained results (not shown here) 
confirm that the MWCNTs/IL/CCE has high 
electrocatalytic activity against to Fe(CN)6

3-

/4- oxidation/reduction in compared with the 
bare CCE. The real surface area of the 
MWCNTs/IL/CCE were also estimated in 
Fe(CN)6

3-/4- solution according to the 
Randles-Sevcik equation by cyclic 
voltammetry. The calculated electroactive 
real surface area for the MWCNTs/IL/CCE 

 
Figure 1. SEM images of (A) bare CCE, (B) 
MWCNTs/CCE and (C) MWCNTs/IL/CCE. 

 
is 1.64 cm2, while the real surface areas for 

MWCNTs modified electrode and bare CCE 
were 0.237 cm2 and 0.162 cm2, respectively 
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[29]. The significant increase in 
electroactive surface area suggests that the 
MWCNTs/IL is promising for 
electrochemical applications. In addition, the 
stability and also the reproducibility of the 
of the modified electrode were investigated 
by cyclic voltammetry of Fe(CN)6

3-/4- ions. 
Working stability of the modified electrode 
was verified by electrochemical behavior of 
a Fe(CN)6

3-/4- after successive sweeps of 
CVs. The peak current of 5.0 m mol L−1 
Fe(CN)6

3-/4- remaining at the 
MWCNTs/IL/CCE surface was almost 98% 
of its initial value after 100 cycles in 
electrolyte solution and no significant 
decrease was observed after replacing the 
electrolyte used for 100 repetitive cycles 
with fresh solution. Also, the storage 
stability of the chemically modified 
electrode was very good. It was found to 
have reserved (97%) its initial activity for 
more than 10 days when kept in air at room 
temperature. In order to study the 
reproducibility of the electrode preparation 
procedure, four independent CCEs were 
modified with MWCNTs/IL. CVs of 
prepared modified electrodes in 5.0 mM 
Fe(CN)6

3-/4- solution were recorded. The 
RSD value of measured cathodic peak 
currents was about 1.7%. 

 
3.2. Electrochemical Behavior of PHE at 
the MWCNTs/IL/CCE 

Figure 2 shows the cyclic 
voltammograms (CVs) of PHE (3 mM) on 
the bare CCE, MWCNTs/CCE and 
MWCNTs/IL/CCE in 0.1 mol L−1 phosphate 
buffer solution (PBS, pH 8.0) at a scan rate 
of 50 mV s−1. As shown, the oxidation 
processes of PHE on the bare and both 
modified carbon-ceramic electrodes are 
irreversible, while the anodic peak current 
on the modified CCE by MWCNTs/IL 
nanocomposite (curve a) is greatly enhanced 
compared to the MWCNTs/CCE (curve b) 
and bare CCE (curve c). Oxidation of PHE 

on the bare CCE was occurred at potential of 
0.61 V with anodic peak current about 5 µA. 
At the same time as its electro-oxidation on 
the MWCNTs/CCE and MWCNTs/IL/CCE 
was performed at potential of 0.58 V with 
anodic peak current about of 20 µA and at 
potential of 0.54 V with anodic peak current 
of 80 µA, respectively. Consequently, it is 
obvious that the anodic peak potential was 
shifted to the less positive potentials and 
also the anodic peak currents were enhanced  

 

 
 
Figure 2. CVs of 3.0 mM PHE at the 
MWCNTs/IL/CCE (a), MWCNTs/CCE (b) 
and bare CCE (c) in phosphate buffer 
solution (0.1 mol L-1, pH=8.0). Inset is the 
effect of the amount of the MWCNTs/IL 
nanocomposite gel at the CCE surface on 
anodic peak current of PHE. 

 
on the modified CCE especially on the 

MWCNTs/IL/CCE. This may be attributed 
to the following reasons: MWCNTs 
particles usually are present as tangled 
bundles. Therefore, the MWCNTs film on 
the CCE by drop coating is not uniform and 
probably only a part of the electrode surface 
can be covered by MWCNTs. When 
MWCNTs are ground with ILs, however, 
the strong interaction between MWCNTs 
and ILs eventually detaches the MWCNTs 
from the bundles [30, 31]. Thus, more 
electroactive sites on MWCNTs can be 
exposed on MWCNTs/IL/CCE, which can 
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provide higher real electroactive surface 
area which was also proved by CVs of 
MWCNTs/IL/CCE in the presence of 
Fe(CN)6

3-/4- probe ions. On the other hand, 
this could be ascribed to the synergistic 
effect of IL and MWCNTs. ILs can extract 
many molecules, thus it can enhance the 
current response of analytes, Fe(CN)6

3-/4- 
probe ions and PHE, to a great extent [32, 
33]. On the other hand, the immidazolium-
based ILs could interact with carbon 
nanotubes through π-π interactions, which 
makes the entangled MWCNTs bundles 
form much finer bundles [30]. This is 
expected to improve the electrochemical 
catalysis property of MWCNTs.  

 
3.3. Optimization of the Amount of the 
Modifier 

Electrocatalysis property of modified 
electrodes is influenced by modifier film 
thickness which deposited on their surface. 
It was observed that the MWCNTs/IL 
nanocomposite gel thickness influences the 
electrochemical response of the modified 
electrode towards PHE. This effect was 
investigated by depositing different amounts 
of MWCNTs/IL nanocomposite gel on the 
CCE surface and the results from the 
oxidation of PHE are presented in inset of 
Figure 2. Accordingly, an increase in anodic 
peak current height was observed by 
increase of deposited MWCNTs/IL gel up to 
0.1 mg but after that anodic peak current 
was decreased by more increase of deposited 
modifier amount. This results are attributed 
to the decrease of electrode surface 
conductivity by increase of modifier film 
thickness and low specific surface area when 
low volumes of modifier suspension was 
deposited on the electrode surface. 
Therefore, 0.1 mg of MWCNTs/IL gel was 
used for the modification of CCE surface for 
the rest of experiments.   

 
3.3.1. PH Effect 

The effect of pH on the oxidation of 
PHE at the MWCNTs/IL/CCE was 
investigated in the pH ranges of 5.0 to 10.0 
of the 0.1 mol L−1 phosphate buffer solution 
(PBS), in the presence of PHE at 
concentration level of 3 mM. The effect of 
pH on the oxidation peak current and peak 
potential of the PHE were shown in Figure 
3A and 3B (CVs at a scan rate of 50 mV 
s−1), respectively. Accordingly, the 
oxidation peak potential and also peak 
current are dependent to the pH value which 
is an evident for dependence of electro-
oxidation reaction mechanism to the proton 
concentration. The effect of pH on the 
oxidation peak current of PHE may be 
attributed to the influence of pH on the 
charge property and charge density of PHE 
and nanocomposite on the surface of 
electrode. As shown in Figure 3A, the 
oxidation peak current gradually decreased 
with the increasing of the pH value from 5.0 
to 7.0.  

 
Figure 3. pH effect on the electrochemical 
behavior of PHE on the MWCNTs/IL/CCE: 
(A) histogram of the anodic peak currents of 
3.0 mM PHE at scan rate of 50 mV s-1 in CV 
method vs. pH and (B) and plot of anodic 
peak potentials vs. pH. 

 
However, when the pH was further 

increased to 8.0, the oxidation peak current 
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conversely increased. Therefore, considering 
the sensitivity of PHE determination, a pH 
value of 8.0 was chosen for the subsequent 
analytical experiments. On the other hand, a 
linear shift of oxidation peak potential 
towards negative potential with an 
increasing pH indicated that protons were 
directly involved in the oxidation of PHE 
(Figure 3B). The linear relationship can be 
obtained with following equation: Ep = -
0.0588 pH + 1.0759, R2 = 0.9787. A slope 
of 0.0588 V per pH unit [34] is 
approximately close to the theoretical value 
of 0.0576 V pH-1, indicating that the 
electron transfer was accompanied by an 
equal number of protons in electrode 
reaction [35]. Thus, it may conclude that the 
electrode reaction of PHE was accompanied 
by one proton and one electron.  

 
3.3.2. Scan rate Effect 

The effect of scan rate on the 
electrochemical oxidation of PHE at the 
MWCNTs/IL/CCE was investigated and the 
obtained results are shown in Figure 4. It is 
obvious that the anodic peak current of PHE 
increased gradually with the increase of the 
scan rate (inset A). The anodic peak current 
was linearly proportional to the square root 
of scan rate in the range of 10 to 450 mV s−1 

(inset B), suggest a typical diffusion-
controlled electrode process. The linear 
regression equations was expressed as Ip/μA 
= 8.0×10-6 υ1/2 / (V s-1)-10.0×10-5 with a 
correlation coefficient (R2) of 0.9959. 
Moreover, the oxidation peak potential of 
PHE was shifted towards more positive 
potential when the scan rate was increased, 
suggesting a kinetic limitation in the 
reaction between nanocomposite modified 
electrode and PHE. 

3.4. Electrochemical Determination of 
PHE 

Under the optimum analytical 
conditions, the determination of PHE in 
different concentrations was performed. It 

was found that the anodic peak current was 
linear in the concentration ranges of 1×10-5 

to 40×10-5 mol L-1 applying cyclic 
voltammetry method. 

 
Figure 4. Effect of scan rate on the electro-
oxidation of 3.0 mM PHE at the 
MWCNTs/IL/CCE in ranging from 10 to 450 
mV s-1. Insets: (A) plots of anodic peak 
currents vs. scan rate (υ) and (B) plots of 
anodic peak currents vs. square root of scan 
rate (υ1/2). 

 
When the PHE concentration exceeded 

to 40×10-5 mol L-1, the curve began to obey 
another calibration equation in the 
concentration range of 40×10-5 to 300×10-5 

mol L-1. The detection limit was estimated to 
be 6×10-6  mol L-1 (S/N = 3).  

Since differential pulse voltammetry 
(DPV) has much higher current sensitivity 
than cyclic voltammetry, this technique was 
also used to determination of PHE in order 
to reach the lower limit of detection. In 
DPV, in addition to higher current 
sensitivity the charging current contribution 
to the background current is negligible. In 
this method, there is a good linear 
relationship between anodic peak current, Ip, 
and PHE concentrations in the ranges of 
3×10-7 to 100×10-6 mol L-1 (Figure 5), with 
detection limit of 1.7×10-7 mol L-1. It is clear 
that for practical applications, investigation 
of the reproducibility, repeatability, and 
stability of the present modified electrode is 
essential. When a 5.0×10-5 mol L-1 PHE 
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solution was measured by DPV method via 
a special modified electrode through five 
evaluations and also every few hours within 
a day, the RSD of the anodic peak current 
was 1.2% and 1.8% (n=5), respectively, 
indicating that the present modified 
electrode features good reproducibility. 
Similarly, to estimate the repeatability of the 
prepared modified electrode, four 
independent modified electrodes were 
applied to determine 5.0×10-5 mol L-1 PHE 
and the calculated RSD was about 2.8%, 
which reveals an excellent repeatability for 
the electrode preparation procedure. On the 
other hand, after several days of repetitive 
use, the response of the same modified 
electrode decreased only slightly (3-6%). 
This indicates that the electrode is very 
stable in PHE determination. These results 
prove high stability and notable repeatability 
and reproducibility of the present modified 
electrode which was planned as a sensor for 
the PHE determination. 

 
Figure 5. DPVs of PHE at various 
concentrations: 3 to 100 M. Inset: Plot of 
anodic peak currents vs. PHE 
concentration. Pulse amplitude: 70 mV and 
pulse width: 50 ms. 
 
3.5. Electrochemical Behavior of AC at 

the MWCNTs/IL/CCE  
The electrochemical behavior of AC was 

studied on the modified and bare CCEs and 

the obtained results (Figure 6) revealed that 
the oxidation-reduction reaction of AC on 
the MWCNTs/IL (curve a) and MWCNTs 
(curve b) modified carbon-ceramic 
electrodes [3 mM AC and 0.1 mol L−1 
phosphate buffer solution (pH=8.0)] at a 
scan rate of 50 mV s−1 was reversible, while 
on the bare CCE (curve c) the cathodic peak 
was not observed. Moreover, it is clear that 
modification of CCE has influence on the 
anodic and cathodic peak height and peak 
potential. The best result is obtained when 
MWCNTs/IL/CCE was applied, in which 
the hybrid properties of MWCNTs/IL 
nanocomposite can improve AC oxidation-
reduction peak potential and peak current. 

 

 
Figure 6. CVs of 3.0 mM AC at the 
MWCNTs/IL/CCE (a), MWCNTs/CCE (b) 
and bare CCE (c), in phosphate buffer 
solution (0.1 M, pH=8.0) at scan rate of 50 
mV s-1. 

pH effect on the electrochemical activity 
of AC (3 mM AC and 0.1 mol L−1 phosphate 
buffer solution at a scan rate of 50 mV s−1) 
on the MWCNTs/IL/CCE was investigated 
in the pH ranges of 2.0 to 10.0. According to 
the Figure 7, peak potentials of the anodic 
and cathodic (Figure 7A) and also anodic 
peak current (Figure 7B) have been varied 
by changing the pH solution, which reveals 
that redox reaction mechanism is dependent 
to the proton concentration. As can be seen 
in 7B, the peak current decreases when the 
pH increase (2.0-6.0), reaches a stable value 
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when the pH is 7.0-8.0 and then drops when 
the pHs are higher than 8.0, thus in the 
round of neutral pH is remained constant. 
Also it was found that anodic and cathodic 
peak potentials shifted less positively with 
the increase of pH from 2 .0 to 10.0. A 
linear relationship can be obtained with 
slope of 0.057 V per pH unit for anodic peak 
potential [34], from which m/n value of 1 is 
estimated, suggested that the proton-transfer 
number (m) is equal to the electron-transfer 
number (n).  

The effect of scan rate on the 
electrochemical oxidation and reduction of 
AC at the MWCNTs/IL/CCE was 
investigated and results are shown that both 
anodic and cathodic peak currents were 
linearly proportional to the square root of 
scan rate in the range from 10 to 800 mV/s, 
suggest a typical diffusion-controlled 
electrode process. 

  

Figure 7. (A)  Plots of anodic and cathodic 
peak potentials vs. pH and (B) plots of 
anodic peak currents vs. pH on the cyclic 
voltammetry of 3.0 mM AC at the 
MWCNTs/IL/CCE in different pH. scan rate 
of 50 mV s-1.  

 

3.6. Chronoamperometric Study of PHE 
and AC at the MWCNTs/IL/CCE 

Chronoamperometry technique was 
always employed by researchers to study the 
mass transfer kinetics in the electro-catalytic 
processes [36]. In the present study, 
chronoamperometry experiments was 
performed by stepping the working 
electrode, MWCNTs/IL/CCE, potential at 
0.2 and 0.6 V for studying the mass transfer 
kinetics of PHE, while in the case of AC the 
electrode potential was stepped at 0.2, 0.4 
and then back to 0.2 V, respectively. 
Chronoamperograms of AC and PHE in 
different concentrations are represented in 
(Figure 8A and 8B, respectively). The net 
transient current varied linearly with the 
minus square roots of time (Figure 8C and 
8D respectively for AC and PHE). This 
confirms that the electro-oxidation processes 
are diffusion-controlled in the bulk of 
solution for both analytes. Using the slope of 
these lines, the diffusion coefficient of PHE 
and AC can be obtained based on Cottrell’s 
equation [36]:  

 
I = nFAD1/2Cπ -1/2t-1/2 

 
Where I is the net transient current, D is 

the analyte diffusion coefficient, and C is the 
analyte concentration. The mean value of 
the diffusion coefficient for PHE and AC 
were found to be 6.43 × 10-5 and 3.76 × 10-4 
cm2 s-1, respectively. 

 
3.7. Electrochemical Investigation of PHE 
in the Presence of AC at the 
MWCNTs/IL/CCE 

In order to achieve optimum conditions for 
determination of two compounds together, 
pH effect on the separation of their anodic 
peaks was investigated. The obtained results 
show that the DPVs of PHE and AC 
obtained at the MWCNTs/IL/CCE at various 
pH in the range of 5.0 to 9.0, 
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Figure 8. (A) Chronoamperograms obtained in the presence of AC over the concentration 
ranges of 0.05, 0.1, 0.2 and 0.4 mM. The potential steps were 0.2, 0.4 and 0.2 V. (B) 
Chronoamperograms recorded in the presence of PHE over the concentration ranges of 0.05, 
0.1, 0.2 and 0.4 mM. The potential steps were 0.2 and 0.6 V. (C) Dependency of the net transient 
current on the minus square roots of time for AC. (D) Dependency of the net transient current on 
the minus square roots of time for PHE.  

 

maximum separation of PHE and AC anodic 
peak potentials and also maximum and 
stable anodic peak currents for oxidation of 
PHE and AC were achieved when the 
sample pH value was adjusted on 8.0. 
Therefore, this pH value was used for the 
rest of experiments.  

Figure 9 shows the CV (A) and DPV (B) 
curves of PHE and AC on the 
MWCNTs/IL/CCE in phosphate buffer 
solution (pH=8.0). The DPV and CV curves 
show well-defined separate peaks for PHE 
and AC. Accordingly, the anodic peaks of 
PHE and AC are separated completely and 
the anodic peak currents of PHE and AC can 
be detected simultaneously.  

As mentioned in introduction, the main 
purpose of the present study is to determine 
PHE selectively in the presence of different 
concentrations of AC and vice versa. 
Therefore, in the following section we 
carefully examined the signal of 15 µM AC 

 
Figure 9. (A) CV of the PHE (0.5 mM) and 
AC (0.1 mM) at the MWCNTs/IL/CCE in 
phosphate buffer solution (0.1 M, pH=8.0) 
at scan rate of 50 mV s-1 and (B) DPV of the 
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PHE (0.5 mM) and AC (0.5 mM) at the same 
electrode. Pulse amplitude: 70 mV and pulse 
width: 50 ms. 

 
in the presence of increasing concentrations 
of PHE in electrolyte solution [Figure 10A: 
DPVs of the AC (15 M) in the presence 
PHE of at different concentrations (5, 10, 
15, 25, 40, 50, 70, 90, 110 and 150 M of 
PHE, respectively from small to large), 
pH=8.0]. As can be seen, no significant 
change in the anodic peak current of AC was 
observed by varying the concentrations of 
PHE, while the anodic peak currents of the 
PHE increased linearly with increasing its 
concentrations (inset of Figure10A). Figure 
10B [DPVs of the PHE (15 M) in the 
presence of AC at different concentrations 
(5, 10, 15, 25, 40, 60, 80, 110 and 140 M, 
respectively from small to large), pH=8.0] 
shows the selective determination of PHE in 
the presence of AC. As can be seen from the 
inset of Figure 10B, the anodic peak currents 
of AC increase linearly with increasing its 
concentration. These results revealed that 
MWCNTs/IL/CCE is highly suitable for the 
selective determination of PHE in a wide 
concentration ranges in the presence of 

various concentrations of AC and vice versa. 
Also, if the concentrations of PHE and AC 
in solution are increased synchronously, the 
anodic peak currents of PHE and AC 
increase accordingly, as shown in Figure 
10C. On the other hand, it was found that, 
when the concentrations of both drugs 
increase simultaneously, both compounds 
exhibit separately oxidation current peaks, 
without interfering each other. Thus, it can 
be concluded that the proposed method and 
prepared sensor can be successfully applied 
for the simultaneous determination of PHE 
and AC at the optimum conditions by the 
DPV method. That's mean, it is obvious that 
the presence of AC has no effect on the 
determination of PHE and linear calibration 
graphs were obtained for PHE and AC in the 
concentration range of 5×10−6 to 60×10−6 
mol L-1.  

 
3.8. Interferences Study 

To investigate the effect of possible 
interferences in the determination of PHE 
and AC through the present modified 
electrode, various biological compounds and 
ions were added to 0.1 M phosphate buffer 
solution (pH=8.0) in the presence of 30 µM 

Figure 10. (A) DPVs of AC (15 M) in the presence of PHE at different concentrations (5, 10, 
15, 25, 40, 50, 70, 90, 110 and 150 M), pH=8.0. Inset: plot of anodic peak currents vs. PHE 
concentration. (B) DPVs of PHE (15 M) in the presence of AC at different concentrations (5, 
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10, 15, 25, 40, 60, 80, 110 and 140 M), Inset: plot of anodic peak currents vs. AC 
concentration. (C) DPVs of different concentrations of PHE (5, 10, 15, 25, 40 and 60M) and 
AC (5, 10, 15, 25, 40 and 60M) in the same solution. Insets: plot of anodic peak currents vs. 
PHE and AC concentrations. Pulse amplitude: 70 mV and pulse width: 50 ms. 

 
PHE and same concentration of AC. As 

for the common interferences in biological 
and other real samples in the determination 
of PHE and AC, 10-fold concentration of 
interfering compounds were added to the 
PHE and AC solution and the resulted error 
in their determination was calculated. If the 
tolerance limit is taken as the maximum 
concentration of the interference species, 
which caused an approximately 5% relative 
error, no interference effect was observed 
[37-42]. Considering this rule, possible 
interference of the common substances such 
as ascorbic acid (AA), dopamine (DA), and 
some anions [43-45] and cations [46-67] 
such as Cl-, NO3

-, Mg2+, Cu2+, Na+, Al3+, 
Cd2+, and CO3

2- on the determination of the 
PHE and AC was evaluated. The obtained 
results were tabulated in Table 1. As can be 
seen, the present nanocomposite modified 
electrode has good selectivity towards 
determination of PHE and AC and there is 

no considerable interference on behalf of 
investigated species.  

 
3.9. Determination of PHE in Real 
Sample  

As a practical application, the 
MWCNTs/IL modified carbon-ceramic 
electrode was used to determine the PHE 
content in different exacold tablets through 
the application of the standard addition 
method. In this regard, 1 mL of exacold 
tablet solutions were added to 10 ml 
volumetric flasks, then various volumes of 
the PHE standard solutions were added and 
finally the all solutions were reached to the 
volume by addition of phosphate buffer 
solution. The anodic peak current in DPV 
was used for determination of PHE in 
prepared solutions and calibration curve was 
instructed accordingly. It was found that the 
DPV of the sample solution exhibited only 
one peak at about 0.56V (vs. SCE), which is 
associated with the oxidation of PHE. The 

Table 1. Determination errors (%) of PHE and AC in the presence of 10-fold concentration 
of interfering species. 

  
Studied species DA AA Mg2+ Cu2+ Al3+ Cd2+ Na+ NO3

- Cl- CO3
2- 

Determination error (%) 
5 5 4 3 4 3 2 1 3 4 

DA: dopamine, AA: Ascorbic acid  

 

concentration of PHE in various exacold 
tablet samples were calculated by 
extrapolation of calibration curve, and the 
results were tabulated in Table 2.  

 
3.10. Determination of AC in Real 

Sample  
The MWCNTs/IL modified carbon-

ceramic electrode was also used to 
determine the AC concentration in 

acetaminophen-codeine tablets with 
different content of AC applying standard 

 
Table 2. Determination of PHE in 

exacold tablets applying standard addition 
method using DPV method (n=4). 

Sample PHE 
(Declared) 

(mg L-) 

Found 
(mg L-1) 

Recovery 
(%) 

1 
0.60 0.57±0.02                         95.5±2.8             

2 
0.80 0.78±0.03                          97.5±3.7             

3 
1.20 1.20±0.03                          100±2.5             
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addition method. For this purpose, 1 mL of 
acetaminophen-codeine tablet solution was 
added to 10 ml volumetric flasks, then 
various volumes of standard solution of the 
AC was added and finally the solutions was 
reached to the volume by addition of 
phosphate buffer solution (pH=8.0). The 
calibration curve was obtained by 
determination of AC in various solutions 
applying DPV method. The concentration of 
AC in various acetaminophen-codeine tablet 
samples were calculated by extrapolation of 
calibration curve, and the obtained results 
were presented in Table 3.  

 
Table 3. Application of developed 

method for determination of AC in 
acetaminophen-codeine tablets using DPV 

method (n=4). 
Sample AC 

(Declared) 
(mg L-) 

Found (mg 
L-1) 

Recover
y (%) 

1 
0.45 0.44±0.02             98±4.2             

2 
0.60 0.61±0.02             102±3.0             

3 
0.75 0.75±0.03             100±4.0             

 
4. CONCLUSION 

A simple, fast, reproducible and direct 
procedure was used for fabrication of multi-

walled carbon nanotubes/ionic liquid 
modified carbon-ceramic electrode. Use of a 
revisable couple (K3[Fe(CN)6]) as an 
electrochemical probe shows that the 
MWCNTs/IL nanocomposite on CCE has 
good chemical and electrochemical stability 
and it can be used as a chemically modified 
electrode to explore the electrochemistry 
and to use for electrocatalytic oxidation of 
PHE. PHE oxidation can be performed on 
the MWCNTs/IL/CCE and it produces an 
anodic peak at about 0.56 V (vs. SCE) in 0.1 
M phosphate buffer solution (pH 8.0). The 
anodic peak is suitable for the determination 
of PHE, and the peak current in different 
voltammetric methods is linear to its 
concentrations over a certain ranges. In 
addition, the experimental results reported 
here have clearly indicated that PHE can be 
determined simultaneously in the presence 
of AC and vice versa. Finally, this procedure 
can be applied for the determination of PHE 
and AC in real samples.  
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