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Abstract: The bimetallic nanoparticles of bismuth-silver
were used to modify a disk GCE for the simultaneous
electrochemical analysis of caffeine (CAF), ascorbic acid
(AA), and paracetamol (PAR). The constructed Bi-
AgNPs/GCE illustrated strong electrocatalytic activity
towards the oxidation of CAF, PAR, and AA. Under the
optimum conditions, the sensor provided linearity for

PAR, AA, CAF between 2 to 20 μΜ, 10 to 70 μM, and 2
to 40 μM (n=3), respectively. The detection limits for
CAF, PAR, and AA was 2.36 μM, 0.155 μM, and
0.697 μM, respectively. The GCE/Bi-AgNPs sensor pre-
sented good sensitivity and selectivity for the simulta-
neous electrochemical analysis of CAF, PAR, and AA.
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1 Introduction

Over the past years, nanomaterials have been drawing
increasing attention due to their excellent properties and
structures which makes them attractive for numerous
applications in several research fields [1–7]. Owing to its
extraordinary properties such as mechanical strength,
high electrical conductivity, and large surface area bimet-
allic nanoparticles has shown great promises in electronic
and energy storage applications and the construction of
electrochemical sensors and biosensors [8–10]. Bimetallic
nanocomposites are used to construct electrochemical and
biosensors for applications in the detection of dopamine
(DA), ascorbic acid (AA), paracetamol (PAR), nitrite
ions, H2O2, etc. [11,12].

In the search for new electroactive materials for the
development and construction of electrochemical sensors,
bismuth has been employed to replace mercury and has
achieved great attention for pharmaceutical and metal-
lurgical additives [13,14]. Bismuth can form alloys with
many metals and is applied as an agent in high-temper-
ature heat-transfers [15–17]. A study done by Sadok et al.
[18] has applied bismuth particles modified with Nafion
and drop coated on to a boron-doped diamond electrode.
This boron-doped diamond sensor has been employed in
the individual and simultaneous voltammetric analysis of
PAR and CAF. Fernandes et al. [19] developed a novel
electrochemical nanosensor consisting of
MnFe2O4@CNT� N for the electrochemical analysis of
PAR, CAF, and ascorbic acid (AA). The
MnFe2O4@CNT� N nanosensor illustrated very good re-
sults towards the analysis of selected biomolecules. In the
case of silver nanoparticles, it has high dispersion, small
particle size (less than 20 nm), high surface area, and are
used as antifungal agents and antimicrobial [20].

An effective and important antipyretic analgesic drug
such as acetaminophen or PAR or N-acetyl-p-amino-
phenol is applied worldwide. Doctors prescribed PAR for
the treatment of mild to moderate pain related to
arthritis, headache, etc. [21] with no harmful side effects.
An overdose of PAR will cause nephrotoxic and liver
metabolites which lead to renal failure [22]. Belonging to
N-methyl derivatives of xanthine, CAF or 1,3,7-trimeth-
ylxanthine is a natural alkaloid that occurs in tea leaves,
cocoa beans, cola nuts, coffee beans, and other plants.
CAF is a flavouring agent and is used in a variety of
beverages such as soft drinks and energy drinks. It is also
known as a stimulant for the central nervous system. CAF
can increase alertness, and reduce fine motor coordina-
tion in moderate doses and with high doses cause
insomnia, nervousness, headaches, and dizziness [23–25].
In the case of AA, this is an important substance in the
human body to maintain normal physiological functions
and is an essential antioxidant that is widely present in
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biological systems. Symptoms like infertility, fatigue, and
scurvy are a result of abnormal concentrations of AA
[26,27].

In the determination of biomolecules pharmaceutical
samples, until now several techniques have been used
such as UV-spectrophotometry [28], capillary electro-
phoresis [29], high performance liquid chromatography
(HPLC) [30,31], titrimetry [32], thermogravimetric analy-
sis (TGA) [33], and HPLC-tandem mass spectrometry
[34]. These methods have several disadvantages such as
poor selectivity, lower selectivity, high cost, and time-
consuming. Bismuth silver bimetallic nanoparticles were
chemically synthesized by Van der Horst et al. [35] for the
analysis of PGMs [36–39], H2O2 [40], and individual
detection of AA [41]. In this study, we have employed
Bi� AgNPs onto normal GCE for the simultaneous
electrochemical analysis of three different biomolecules in
pharmaceutical samples. According to the literature, this
is the first time that the sensor of GCE/Bi� AgNPs has
been employed for the simultaneous electrochemical
analysis of CAF, PAR, and AA in pharmaceutical
samples.

2 Materials and Methods

2.1 Reagents

All analytical reagents were of the highest grade and
purchase from Merck and Sigma-Aldrich and were used
without further purification. The procedure employed for
the synthesis of the bimetallic nanoparticles of bismuth-
silver (Bi� AgNPs) was the same procedure reported
elsewhere in the literature [35,36]. A 0.1 M phosphate
buffer solution (PBS) at pH 5 was prepared from KH2PO4

and Na2HPO4. Stock solutions of PAR, AA, and CAF
were prepared every week by using a 0.1 M PBS (pH=5).
In this study, all experimental solutions were prepared by
using ultra-pure water. All electrochemical experiments
were performed at ambient temperature and in an oxygen
environment.

2.2 Instrumentation

Differential pulse voltammetry (DPV) and cyclic voltam-
metry (CV) analysis were performed with a BASi electro-
chemical analyzer (West Lafayette, IN 47906, USA). The
Bi� AgNPs were employed to modify a disk GCE, a
counter electrode (Pt wire), and a reference electrode
(Ag/AgCl) was used to complete the three-electrode
system. A 20 mL electrochemical cell was employed for
all electrochemical experiments at ambient temperature
[36].

2.3 Construction of the GCE/Bi� AgNPs Sensor

Before modification with the Bi-AgNPs, the disk GCE
was cleaned with alumina (0.1 to 1.0 μm), sonicated in
pure ethanol for 5 min, and then rinse with deionized

water. The Bi-AgNPs were first dispersed into deionized
water (1 mg in 10 mL) and sonicated for 5 min in an
ultrasonic bath. A 20 μL of an aliquot Bi-AgNPs were
dropped onto the clean disk GCE and the water was
allowed to evaporate. All the experiments in this study
were carried out in an oxygen environment and at
ambient temperatures [39].

2.4 Procedure for the Determination of Biomolecules

Three pharmaceutical samples were used to study the
practical applicability of the sensor consist of GCE and
Bi� AgNPs for PAR, AA, and CAF determination in real
sample analysis. The real sample such as med lemon was
prepared by dissolving the powder in 250 ml boiling
water. The sample was cooled down to room temperature
and then analyzed using differential pulse voltammetry
mode. An electrochemical cell with a three-electrode
system and under the same experimental conditions was
used to obtain the quantified results. The method of
standard addition was employed for the electrochemical
analysis of samples without PAR naturally found in the
samples were spiked with a known amount of PAR to
confirm the PAR anodic peak [41].

3 Results and Discussion

3.1 CV Characterization of GCE/Bi� AgNPs Sensor

CV was employed to investigate the electrochemical
behaviours for the individual and simultaneous analysis of
PAR, CAF, and AA using 50 μM concentration. Figure 1
illustrates the electrochemical responses observed at (a)
clean GCE and (b) GCE/Bi� AgNPs sensor surfaces with
100 mV/s scan rate in a 0.1 M PBS (pH=5.0). As
illustrated in Figure 1A, the potential of the anodic peak
for AA was observed at about +0.28 V (vs. Ag/AgCl) at
the clean GCE and +0.35 V (vs. Ag/AgCl) at the GCE/
Bi-AgNPs sensor surfaces. The anodic peak currents at
the GCE/Bi-AgNPs sensor were greater than the anodic
peak currents at the clean GCE. In the case of PAR, as
illustrated in Figure 1B, the anodic peak potentials at the
clean GCE were observed at +0.75 V (vs. Ag/AgCl) and
+0.72 V (vs. Ag/AgCl) at the GCE/Bi-AgNPs sensor,
respectively. The currents of the anodic peak at the
surface of the GCE/Bi-AgNPs sensor was double the
value as at the clean GCE. For CAF in Figure 1C, the
anodic peak potentials were +1.55 V (vs. Ag/AgCl) and
+1.45 V (vs. Ag/AgCl) at the clean GCE and GCE/
Bi� AgNPs sensor surfaces, while the peak currents were
also greater at the GCE/Bi� AgNPs sensor as observed at
the surface of the clean GCE. In the case of the
simultaneous analysis of AA, PAR, and CAF in Fig-
ure 1D, three well-defined anodic peaks were recorded at
the GCE/Bi� AgNPs sensor surface with a very small peak
for AA was recorded at the clean GCE. The potentials of
the anodic peak were seen at +0.25 V (vs. Ag/AgCl) for
AA, +0.7 V (vs. Ag/AgCl) for PAR, and +1.4 V (vs. Ag/
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AgCl) for CAF, respectively. In the reverse scan, three
cathodic peaks for AA, PAR, and CAF were recorded at
the GCE/Bi� AgNPs sensor surface with one peak for AA
at the clean GCE.

3.2 CV Studies of CAF, PAR, and AA at a Clean GCE
and GCE/Bi� AgNPs Surfaces

Cyclic voltammetry was utilized in Figure 2 to investigate
the effect of scan rate in 50 μM AA, PAR, and CAF using
GCE/Bi� AgNPs sensor at scan rates of 20 to 160 mV/s.
The anodic peak currents (I) of AA, PAR, and CAF
increased with an increased in scan rates (V) and
illustrated in Figure 2A to 2 C. The linear regression plots
are illustrated in Figure 2D. The linear equation for scan
rate in individual 50 μM AA can be expressed as: Ipa, (A)
=2.71×10� 8+1.49×10� 7 [AA], with R2=0.985. For PAR,
the linear calibration equation can be illustrated as: Ipa,
(A)=5.75×10� 9+6.97×10� 7 [PAR], with R2=0.990. In
the case of CAF, linear calibration equation is also
illustrated as: Ipa, (A)=5.21×10� 9+4.91×10� 7 [CAF],
with R2=0.987. The results obtained above shown that
the electrocatalytic anodic processes for AA, PAR, and
CAF in this study were adsorption-controlled at the GCE/
Bi� AgNPs sensor surface, suggesting the possibility of
constructing a method to detect AA, PAR, and CAF
using DPV.

3.3 DPV Detection of AA, PAR, and CAF Using
Different Sensors

The proposed electrochemical procedure was used for the
detection of CAF, PAR, and AA at the GCE/Bi� AgNPs
sensor surface in a 0.1 M PBS (pH=5). DPV was used to
determine the three biomolecules in pharmaceuticals
because it offers higher sensitivity and good resolution
when compared to the normal cyclic voltammetry. Fig-
ure 3 illustrates the individual electrochemical analysis of
(A) AA, (B) PAR, and (C) CAF using (a) clean GCE,
and (b) GCE/Bi� AgNPs sensor. In Figure 3A, a small
peak was observed for AA at the clean GCE surface with
a well-defined peak and with an extra small peak for AA
at the surface of the GCE/Bi� AgNPs sensor. The small
peak is due to impurities in the 0.1 M PBS. For PAR in
Figure 3B, no peak was observed for the clean GCE with
a well-defined peak for PAR at the GCE/Bi� AgNPs
sensor surfaces. Figure 3C shown a small flat peak for
CAF at the clean GCE with a well-defined peak at the
GCE/Bi� AgNPs sensor surfaces. The observed results
indicate that the anodic peak currents intensities for
PAR, CAF, and AA at the surface of the GCE/Bi� AgNPs
sensor are greater than the intensities at the clean GCE.
In the case of the simultaneous electrochemical analysis
of CAF, AA, and PAR in Figure 3D, three well-defined
anodic peaks were showcase at the GCE/Bi� AgNPs
sensor surface. For the clean GCE, only one broad anodic

Fig. 1. CVs obtained at (a) clean GCE and (b) GCE/Bi� AgNPs in (A) AA, (B) PAR, (C) CAF and (D) simultaneous CVs for CAF,
PAR, and AA in 0.1 M PBS (pH=5.0) containing a concentration of 50 μM for AA, PAR, and CAF.
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peak was observed with no separations of the three
biomolecules peaks. It is an indication that PAR, AA,
and CAF were electrooxidized on the GCE/Bi� AgNPs
sensor surface and can be used to detect PAR, AA, and
CAF in model standard solutions.

3.4 Individual Determination of CAF, PAR, and AA

The quantitative determination of CAF, PAR, and AA
under optimum conditions at a GCE/Bi� AgNPs sensor
was done by DPV. Figure 4 illustrates the individual
analysis of (A) AA, (B) PAR, and (C) CAF in a 0.1 M
PBS (pH=5.0). DPV was employed to detect AA, PAR,
and CAF because it offers well-defined peaks, higher
sensitivity, and good peak separation compared to CV. As
illustrated, the peak current intensities of the anodic
peaks for AA, PAR, and CAF increased as the concen-
trations increased. This is an indication that AA, PAR,
and CAF were electrooxidized on the surface of a GCE/
Bi� AgNPs sensor. The GCE/Bi� AgNPs sensor showcase
for the individual analysis excellent electrocatalytic re-
sponse for CAF, PAR, and AA at peak potentials of
+1.32 (vs. Ag/AgCl), +0.54 (vs. Ag/AgCl), and +0.21 V

(vs. Ag/AgCl), respectively. Figure 4D illustrates the
linear regression plots for AA, PAR, and CAF, and the
analytical curves also showed three good linear relation-
ships. The anodic peak currents for AA revealed a
response of linearity to the increasing concentration in a
range of 10 to 50 μM. The linear equation for individual
AA detection can be expressed as Ipa, AA(μA)=1.55×10� 7

CAA (μM)+2.02×10� 6 (R2=0.950). For the currents of
the oxidation peaks of PAR, a response of linearity to the
increasing concentration in a range of 10 to 100 μM with a
linear equation expressed as Ipa, PAR(μA)=2.06×10� 8

CPAR (μM)+3.21×10� 7 (R2=0.999). In the case of CAF, a
response of linearity in a range of 10 to 100 μM was
obtained with a calibration curve equation expressed as
Ipa, CAF(μA)=1.99×10� 7 CCAF (μM)+1.20×10� 5 (R2=

0.984). The detection limits for CAF, PAR, and AA were
individually determined using the statistical method of
LOD=3×SD/m, where SD is the standard deviation of
blank (n=10) and m is the slope linear plot [41]. The
detection limits for CAF, PAR, and AA were 0.098,
0.068, and 0.014 μM, respectively. This GCE/Bi-AgNPs
sensor could, therefore, be used for the simultaneous

Fig. 2. CVs obtained of 50 μM AA in (A), PAR in (B), and CAF in (C) using a 0.1 M PBS (pH=5.0) at the surface of a GCE/
Bi� AgNPs sensor at various scan rates (20, 40, 80 and 160 mV/s). (D) A calibration curve of peak current versus scan rate for AA,
PAR, and CAF.
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electrochemical analysis of CAF, PAR, and AA in model
solutions using the above experimental parameters.

3.5 Detection of CAF, PAR, and AA Mixtures Using the
GCE/Bi� AgNPs Sensor

In this study, well-defined peaks of the individual
detection of CAF, PAR, and AA were observed under
optimized experimental conditions. Another investigation
was done by testing the versatility of the GCE/Bi� AgNPs
working electrode for the selective detection of a solution
containing CAF, PAR, and AA. Differential pulse
voltammetry was employed in the analysis of a solution
by keeping the concentrations of two species constant and
changing the concentration of one species. As illustrated
in Figure 5A, the anodic peak currents of AA increase
linearly with increasing concentration from 10 to 80 μM
while keeping PAR and CAF concentrations constant at
4 μM and 10 μM, respectively. The equation of the
calibration curve was illustrated as Ip (μA)=0.0154 CAA

(μM)+0.0193 (R2=0.989). This observation illustrates
that the GCE/Bi-AgNPs electrode shown a good response
to AA electrocatalytic in the presence of CAF and PAR.

Figure 5B illustrates the DPVs of PAR with increasing
concentrations from 2 to 30 μM with constant concen-
trations of 10 μΜ for AA and 20 μM for CAF. The
calibration equation was illustrated as Ip (μA)=0.1209
CPAR (μM)+0.4096 (R2=0.995). Furthermore, the DPVs
of CAF are illustrated in Figure 5C that the currents of
the anodic peak linearly increase with an increase in
concentrations. Caffeine concentrations were increased
from 10 to 80 μM while keeping the concentrations of
PAR and AA constant at 4 and 10 μM, respectively, with
a linear response illustrated as Ip (μA)=0.0245 CCAF

(μM)+1.280 (R2=0.997). Considering the investigations
conducted above, the GCE/Bi-AgNPs sensor illustrates
excellent electrocatalytic response for the detection of
PAR, CAF, and AA in a pH 5.0 solution which allows the
use of this sensor for the simultaneous detection of these
biomolecules below. The linear regression plots of the
three biomolecules are illustrated in Figure 5D. These
results are illustrated in Figure 5 were compared with the
results obtained in the work done by Fernandes et al. [19]
and have similarities.

Fig. 3. DPVs obtained at (a) clean GCE and (b) the GCE/Bi� AgNPs; (A) for AA, (B) for PAR, and (C) for CAF in a 0.1 M PBS
(pH=5.0) containing a concentration of 50 μM of AA, PAR, and CAF. (D) Simultaneous DPVs for 80 μM AA, 30 μM PAR, and
80 μM CAF at (a) clean GCE and (b) the GCE/Bi� AgNPs sensor.
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3.6 Simultaneous Electrochemical Analysis of CAF, PAR,
and AA

The DPV curves of simultaneous electrochemical analysis
of CAF, PAR, and AA in a 0.1 M PBS (pH=5.0) are
illustrated in Figure 6A. The simultaneous detection of
CAF, PAR, and AA was examined by varying their
concentrations simultaneously. As illustrated in Fig-
ure 6A, three separated and well-defined anodic peaks for
PAR, AA, and CAF are approximately at +0.42 (vs. Ag/
AgCl), +0.15 V (vs. Ag/AgCl), and +1.30 V (vs. Ag/
AgCl), respectively, while the anodic peak currents were
also increased consistently. We observed that the currents
for the oxidation peaks of AA, PAR, and CAF increased
linearly as the concentrations increased. The quantity of
AA ranges from 10 to 70 μM and PAR ranging from 2 to
20 μM and CAF ranging from 2 to 40 μM. These results
showed that the GCE/Bi-AgNPs working electrode can
be applied for the simultaneous electrochemical analysis
of PAR, CAF, and AA with no interference between the
molecules.

Figure 6B is an illustration of the calibration plots of
the currents for the anodic peak (Ip) for PAR, AA, and

CAF versus the concentrations of PAR, AA, and CAF.
The currents of the anodic peaks were linearly related to
the concentrations of AA, PAR, and CAF. This observa-
tion is illustrated below by the linear equations as Ip (A)
=1.411×10� 7 CAA (μM)+1.884×10� 6 with R2=0.9813 for
AA, Ip (A)=1.336×10� 6 CPAR (μM)+1.356×10� 6 with
R2=0.9655 for PAR, and Ip (A)=3.282×10� 7 CCAF (μM)
+1.200×10� 7 with R2=0.9937 for CAF. We observed that
the values of the slope of AA, PAR, and CAF recorded
in the simultaneous detection are not similar compared to
individual detection of these biomolecules. The results
obtained during the simultaneous electrochemical analysis
of CAF, PAR, and AA illustrate that they did not
interfere with each other. Table 1 is an illustration of the
performance for the GCE/Bi-AgNPs sensor for AA,
PAR, and CAF detections compared with other modified
electrodes. This modified GCE/Bi-AgNPs sensor has a
comparable detection limit for AA, PAR, and CAF
detection compared with other modified electrodes.

Fig. 4. Individual DPVs of GCE/Bi� AgNPs for AA (A), PAR (B), and CAF (C) with concentrations of AA ranging from 10 to 50 μM,
PAR ranging from 10 to 100 μM, and CAF ranging from 10 to 100 μM, respectively, in a 0.1 M PBS (pH 5.0). In D, Calibration curves
of the peak currents versus concentration of AA, PAR, and CAF.
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Fig. 5. (A) DPVs at the GCE/Bi� AgNPs in a 0.1 M PBS (pH=5.0) consist of AA at concentrations range from 10 to 70 μM, 4 μM for
PAR and 20 μM for CAF, (B) DPVs at the GCE/Bi� AgNPs for PAR at concentrations ranging from 2 to 30 μM, consist of 10 μM AA
and 20 μM CAF, in a 0.1 M PBS (pH=5.0). (C) DPVs at the surface of a GCE/Bi� AgNPs for CAF at concentrations ranging from 10
to 80 μM, containing 4 μM PAR and 20 μM CAF, in a 0.1 M PBS (pH=5.0). (D) A calibration curve of current intensity versus the
concentration of CAF, PAR, and AA.

Fig. 6. A. An illustration of the simultaneous DPV for CAF, AA, and PAR at the GCE/Bi-AgNPs. DPVs for the increasing of
individual concentrations of AA, PAR, and CAF. PAR concentrations ranged from 2 to 30 μM and concentrations of AA and CAF
ranged from 10 to 80 μM, in a 0.1 M PBS (pH=5.0). B, Calibration plots of the GCE/Bi� AgNPs sensor for AA, PAR, and CAF,
respectively.
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3.7 Interference Studies

In the human body, uric acid (UA) and neurotransmitters
are important interferences. In this investigation, the
sensitivity of Bi� AgNPs sensor in the presence of some
potential interfering ions (uric acid, fructose, glucose), the
DPV current responses of successive additions of AA,
PAR, and CAF were recorded in PBS (pH 5), containing
20 μM UA, 10 μM AA, 5 μM PAR, and 10 μM CAF
respectively (Figure 7). These interfering compounds do
not interfere with AA, PAR, and CAF when GCE/Bi-
AgNPs sensor was used.

3.8 Repeatability and Stability Test of GCE/Bi� AgNPs

The three parameters such as reproducibility, stability,
and repeatability were investigated using mixtures of
50 μM concentrations of PAR, AA, and CAF solutions.
The RSDs of six replicate measurements for PAR, AA,
and CAF mixture solutions were 2.53%, 3.61%, and
4.91%, respectively, which indicates that the GCE/Bi-
AgNPs sensor has good repeatability. In the case of
reproducibility, four different GCE/Bi-AgNPs sensors
were prepared for the electrochemical testing of 50 μM
concentrations of PAR, AA, and CAF in a solution of
phosphate buffer (pH=5.0). The RSDs were to be 2.53%
for AA, 3.11% for PAR, and 2.89% for CAF, respec-
tively, which illustrates excellent reproducibility. The test

for stability of the constructed procedure was also
performed, the current of the anodic peak for CAF, PAR,
and AA recorded shown a decrease of 6% after the
GCE/Bi-AgNPs were put in storage at 5 °C for fourteen
days. This evidence illustrates the GCE/Bi-AgNPs sensor
has good stability.

3.9 Practical application of GCE/Bi� AgNPs sensor

The practical application of the proposed procedure was
tested by the electrochemical analysis of the contents of
CAF, AA, and PAR in pharmaceutical formulations by
the addition and recovery experiments. The GCE/
Bi� AgNPs sensor was employed to detect PAR, CAF,
and AA in real med lemon formulae. The amount of AA,
PAR, and CAF in the real med lemon formulae were
found to be 43.9 mg, and 48.7 mg indicating an agreement
with the concentration of AA, and CAF given by the
composition values. A known amount of 10 mg PAR was
added to the med lemon sample and 9.8 mg PAR was
recover by the sensor. Clearly, the proposed method
illustrates the applicability and reliability of the GCE/
Bi� AgNPs sensor with mean recoveries in the range of
97.6, 97.4, and 98.0% for AA, CAF, and PAR, respec-
tively. These results (Table 2) obtained by the electro-
chemical sensor showed that the Bi� AgNPs have excel-
lent analytical performance, and might be an alternative
material in the development and construction of electro-

Table 1. An illustration of the application of different electroactive materials employed to construct electrochemical sensors for the
electrochemical analysis of CAF, PAR, and AA.

Material Method Analyte Linear ranges (μM) Detection limits (μM) References

MnFe2O4@CNT-N SWV AA
PAR
CAF

2–100
1–1000
1–1100

1.8
0.83
0.83

[19]

Bi/Nafion/BDDE DPV PAR
CAF

0.2–500
0.01–20

0.036
0.0028

[18]

PNBM DPV PAR
CAF

0.2–16.2
0.8–19.7

0.08
0.1

[42]

CuNPs-GO-CB-PEDOT:PSS SWV PAR
CAF

0.9–7.0
11–64

0.23
3.4

[43]

PEDOT/h-CN/GCE DPV AA
PAR

4–20, 20–1800
1–10, 10–50

1.51
0.49

[44]

GORGCP DPV CAF 8–800 0.153 [45]
MWCNT/GCE PAR 0.0002–15 0.09 [46]
SiO2/MWCNT DPV PAR

UA
0.5–6.0
0.5–10.0

0.098
0.068

[47]

GCE/Bi-AgNPs DPV AA
PAR
CAF

10–70
2–20
2–40

0.697
0.155
2.36

This work

Table 2. Illustration of the results for the electrochemical analysis of CAF, PAR, and AA in med lemon.

Analyte Labeled (mg) Spiked quantity (mg) Found (mg) % Recovery % RSD

AA 45 0 43.9 97.6 3.67
CAF 50 0 48.7 97.4 2.41
PAR 0 10 9.8 98.0 5.07

Full Paper

www.electroanalysis.wiley-vch.de © 2020 Wiley-VCH GmbH Electroanalysis 2020, 32, 3098–3107 3105

www.electroanalysis.wiley-vch.de


chemical sensors for the electrochemical analysis of PAR,
CAF, and AA in commercial pharmaceutical formulae.

4 Conclusion

The GCE/Bi-AgNPs electrochemical sensor feasibility in
the determination of biomolecules in pharmaceutical
formulae by DPV was confirmed. The Bi� AgNPs was
drop coated as a thin film onto a GCE surface, this GCE/
Bi-AgNPs, illustrated excellent electrocatalytic response
for both the simultaneous and individual detection of
CAF, PAR, and AA with low limits of detection. The
proposed procedure using bimetallic nanosensor illus-
trates very good peak separation of AA, PAR, and CAF
with peak potentials of +100 mV, +430 mV, and
+1300 mV respectively. This sensor also illustrated ex-
cellent electrocatalytic response for these biomolecules in
pharmaceutical formulae with no interference between
them and other species. These characteristics with robust-
ness illustrated by the sensor, revealed that they can be
applicable in real sample analysis of CAF, PAR, and AA.
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