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In this work, we successfully developed the Ca10V6O25 (CVO) nanofilaments embedded reduced
graphene oxide (RGO) nanocomposite by the facile hydrothermal method and fabricated on the surface
of the working electrode (glassy carbon electrode-GCE), which is used for the detection of mefenamic
acid (MFA). It is highly selective, more sensitive, and low-cost. Our hydrothermally prepared
CVO/RGO nanocomposite was scrutinized by various spectroscopies. The electrical conductivity of the
CVO nanofilaments was enhanced by the RGO nanosheets, which were established by EIS and CV
analysis. our proposed CVO/RGO/GCE sensor displayed excellent sensitivity and selectivity for the
detection of MFA. Furthermore, our proposed CVO/RGO/GCE sensor exhibited a low detection limit
(LOD) of 0.0079 µM. Additionally, we scrutinized the practical application of our proposed
CVO/RGO/GCE sensor towards MFA in the real samples (human blood serum and urine) which
displayed good recovery results.

Keywords: Nonsteroidal anti-inflammatory drugs: Hydrothermal; Bimetal oxides; Cyclic voltammetry;
Mefenamic acid;
1. INTRODUCTION
In recent years, the pharmaceutical industry has grown rapidly due to the rapid increase of the
world population, which has inevitably caused new biomedical and environmental issues[1, 2].
Pharmaceutical chemicals can enter the aquatic environment through human and animal excretion as
active metabolites as well as unmetabolized forms[3]. Medicines called nonsteroidal anti-inflammatory
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drugs (NSAIDs) are usually consumed to decrease pain and inflammation and to bring down a high
temperature[4]. Mefenamic acid (MFA) is an important NSAID, which is taken for the immediate
treatment of mild to moderate pain from various conditions, mainly consumed to reduce blood loss and
pain during menstrual periods[5]. MFA is generally safe to use at a normal dose for public health, but
long-term or large doses can lead to harmful impacts on human health such as diarrhea, headache,
nervousness, constipation, vomiting, stomach pain, fever, anemia, etc[6, 7]. Moreover, according to
current monitoring studies, NSAID concentrations in the freshwater ecosystem range from ng/L to µg/L,
creating numerous threats to non-target aquatic animals[8]. Therefore other than pharmaceutical quality
control, there is a serious requirement for selective, sensitive, and portable methods to monitor the MFA
residues in biological and environmental water samples. Previously various methods had been developed
for the detection of MFA, such as chemiluminescence[9], high-performance liquid chromatography
(HPLC)[10], spectrophotometry[11], capillary electrophoresis[12], flow injection analysis[13],
spectrofluorimetric[14] ,etc. However, the above-mentioned methods are expensive and timeconsuming, therefore we require a simple, cost-effective, and quick-response approach. As a result, here
we have selected the electrochemical sensor for MFA detection since it is a less expensive, and portable
approach that provides a rapid response to the target. Numerous studies have previously reported on the
electrochemical sensor detection of MFA[15-18]. Based on the earlier reported sensors, we still need a
more sensitive,and efficient sensor to detect MFA.
To improve the detection level and accuracy, choosing a good electrode material is extremely
important. Currently, bimetal oxides (BMOs) are extremely used in several research fields, such as water
splitting[19], battery materials[20], solar cells[21], photocatalysts[22], supercapacitors[23],
electrochemical sensors[24], etc. Moreover, BMOs have high attention in the field of removal of
environmental contamination [25]. Generally, BMOs have excellent conductivity, high durability, and
large numbers of reactive sites. Nowadays, ternary metal vanadates have been used in several scientific
research due to their strong optical, and electrochemical properties[24][26]. Significantly calcium
vanadium oxides (CVO) exhibits potential application in lithium batteries[27], optical devices[28],
magnetism[29], and electrochemical sensors[30]. Especially, Ca10V6O25 (CVO) has received more
attention, due to its geometric structure, in which both Ca and V cations adopt different local
coordinations. The CVO was previously prepared by different techniques such as coprecipitation and
microwave-assisted hydrothermal methods[32]. Generally, carbon-based materials enhanced the
electrocatalytic property of BMOs, according to previous reports, carbon-based materials(graphene,
graphene oxide, carbon nanofiber, carbon nanotube, graphene aerogel) have great electrical
conductivity, unique physical and chemical properties, high mechanical strength, high surface area,
quick electron transfer, and is low-cost[33-35]. Especially, RGO has inherent catalytic properties, with
excellent chemical stability[36]. Additionally, more functional groups exist on its surface, it is beneficial
for the interaction of the CVO nanofilaments and RGO nanosheets.
Herein we report, that the CVO/RGO nanocomposite was successfully prepared by the facile
hydrothermal method and fabricated on the surface of a glassy carbon electrode (GCE) for the detection
of MFA. The hydrothermally prepared CVO/RGO nanocomposite was scrutinized by various
spectroscopy studies such as field emission scanning electron microscopy (FESEM), powder X-ray
diffraction analysis (XRD), and micro-Raman spectroscopy. The electrical conductivity of the
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CVO/RGO nanocomposite was examined by electrochemical impedance spectroscopy (EIS) and the
electrochemical performance towards the MFA was explored by cyclic voltammetry (CV) and
differential pulse voltammetry (DPV). The obtained DPV results exhibited excellent selectivity and
sensitivity, good stability, a wide linear range, and low LOD. Hence the obtained results establish that
CVO/RGO/GCE sensor was well suitable for the detection of MFA. Moreover, we used
CVO/RGO/GCE sensor for the detection of MFA in biological samples, which exhibited good recovery
results. Hence, our proposed sensor is more favorable for the detection of MFA in biological samples
such as human blood serum and urine.

2. EXPERIMENTAL SECTION
2.1. Materials and reagents
Graphite powder (<20 µm), ammonium metavanadate (NH4VO3, ≥99.9%), calcium chloride
dihydrate(CaCl2·2H2O, ≥99.9%), potassium hydroxide(KOH, ≥85%, pellets), sodium hydroxide
(NaOH, ≥98%, pellets (anhydrous)), sodium phosphate dibasic (Na2HPO4), sodium phosphate
monobasic (NaH2PO4), mefenamic acid (C15H15NO2) were purchased as the analytical grade from
Sigma-Aldrich and utilized directly without any purification. The 0.1 M phosphate buffer (PB) was used
as the supporting electrolyte. We collected human blood serum and urine from Chang Gung Memorial
Hospital, Taiwan, for the real sample analysis.
2.2. Instrumentation
The crystallographic structure of all prepared samples was studied by the powder x-ray
diffraction (XRD, XPERT-PRO, PAN analytical B.V., The Netherlands) and the diffractometer with Cu
Kα radiation (k = 1.54 Å). The structural morphology of the prepared nanocomposite was taken by field
emission scanning electron microscopy (FESEM, Hitachi S-3000 H), scanning electron microscopy
(SEM, JSM-6510). Raman data was collected from the Micro-Raman spectrometer. The electrical
conductivity of the prepared samples was investigated by the electrochemical impedance spectroscopy
(EIS), and electrochemical performance was recorded in the electrochemical work station such as cyclic
voltammetry (CV CHI 1205a), and differential pulse voltammetry (DPV, CHI900), CH Instruments
company, made in the U.S.A. Overall experiments were performed in the three-electrode system a
saturated Ag/AgCl was used as a reference electrode, the platinum wire was used as a counter electrode
and a glassy carbon electrode (GCE) was used as a working electrode (electrode surface area = 0.071
cm2).

2.3. Synthesis of graphene oxide (GO):
GO was initially prepared from graphite powder using the modified Hummers approach,
according to a previously published method[33]. Then, the prepared GO was utilized for the synthesis
of the CVO /RGO nanocomposite.
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2.4. Synthesis of CVO/RGO nanocomposite
The CVO/RGO nanocomposite was prepared by the facile hydrothermal method. At first 0.5 g
of NH4VO3,0.5 g of CaCl2.2H2O and 0.5 g of previously prepared GO were taken and dissolved in 70
ml of DI water, which is stirred under a magnetic stirrer at 50 °C for 1 hour. Then pH of the reaction
mixture was adjusted to 12 via dropwise addition of 0.1 M KOH solution under room temperature.
Finally, the reaction mixture was fully transferred into the 100 ml Teflon-lined stainless-steel autoclave,
which was heated in a muffle furnace at 180 °C for 12 hrs. At the end of the reaction, the autoclave was
allowed to cool at room temperature. After centrifugation, the collected product was washed with DI
water and ethanol, then dried at 60 °C for 24 hrs. Later, the obtained CVO/RGO nanocomposite was
directly used for further electrochemical investigations. A similar method was followed for the
preparation of CVO without the addition of GO. The RGO was prepared by reducing GO with ascorbic
acid (AA), which was prepared by our previously reported article[33]. The prepared RGO and CVO
were used for further electrochemical comparison studies.

2.5. Modification of glassy carbon electrode (GCE)
Initially, the bare GCE surface was polished with alumina on metallographic sandpaper, after the
GCE surface was completely cleaned with DI water and ethanol then the prepared bare GCE was dried
at 50˚C for 15 mins. Subsequently, 10 mg of CVO/RGO nanocomposite was dispersed in 10 ml DI
water to get a homogeneous dispersion solution, which was sonicated for 30 min. Then the dispersion
solution was coated on a clean polished mirror-like surface of bare GCE then it dried at 50˚C for 30 mins
and which is used for further electrochemical investigations. The same approach was used to modify the
other electrodes such as CVO/GCE and RGO/GCE for comparison studies. Scheme.1. displayed the
graphical representation for the synthesis of CVO/RGO nanocomposite.
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Scheme.1. Illustrate the hydrothermal synthesis procedure of CVO/RGO nanocomposite.
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3. RESULT AND DISCUSSION
3.1 Morphological Characterization of CVO/RGO nanocomposite
Fig.1.(a) displays the magnifying FE-SEM image of CVO nanoparticles, the obtained image
established that our prepared CVO nanoparticles are self-assembled and formed the nanofilaments as a
bundle of straw shape, which is randomly oriented in all directions. Fig.1.(b) displays the FE-SEM
image of RGO, it confirms the wrinkled edges of RGO are extremely folded paper-like format. Fig.1.(c
and d) displays the magnifying FE-SEM images of CVO/RGO nanocomposite, CVO nanofilaments are
finely connected to the RGO surface, and the CVO nanofilaments are covered by the RGO nanosheets.
Moreover, the RGO nanosheet improves the conductivity and electrochemical property of CVO
nanofilaments. Fig.1.(e-i) shows the FESEM elemental mapping of the CVO/RGO nanocomposite, it
proves the existence of Ca, V, O, and C in the CVO/RGO nanocomposite. Fig.1.(j) shows the EDX
spectra of CVO/RGO nanocomposite that was purer with the compositions of 26.3 % Ca, 19.9 % V,23.2
% O, and 30.6 % C. The above-mentioned results confirm the effective formation of the CVO/RGO
nanocomposite.
(b)

(a)

(e)

(j)

(c)

(d)

(f)

(g)

(h)

(i)

Elements

Weight (%)
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Figure 1. (a) The FESEM images of CVO nanofilaments (b) RGO nanosheet, and (c and d) CVO/ RGO
nanocomposite, (e-i) FESEM-EDS mapping of FESEM [(e) FESEM image of FESEM (insert:
mixer of Ca, V, O, and C, (f) Ca (g) V (h) O (i) C], (j) EDS spectrum, insert; the elemental
percentage of Ca, V, O, and C in the nanocomposite.
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3.2. Structural characterization of CVO/RGO nanocomposite
Fig.2. (a) shows the XRD diffraction peak patterns of CVO and CVO/RGO. The hydrothermally
prepared CVO exhibited the diffraction peaks positioned at 2θ angles of 53.38˚, 22.19˚, 25.41˚, 30.74˚,
31.42˚, 33.20˚, 38.38˚, 45.27˚, 48.24˚, 52.19˚, 62.39˚, and 74.91˚, these are corresponding to the plane
of (104), (111), (002), (211), (112), (202), (310), (222), (213), (004), (304), and (611) respectively. The
obtained diffraction peaks were well matched with the (JCPDS. card no. 00-052-0649) hexagonal crystal
system of Ca10V6O25 [37]. The CVO/RGO nanocomposite also exhibited similar diffraction peaks of
CVO and it exhibited a diffraction peak at 25.41˚, which is corresponding to the (002) plane. The
presence of the (002) plane confirms the existence of RGO in the CVO/RGO nanocomposite. Therefore
the obtained XRD results confirm the effective formation of CVO/RGO nanocomposite.

JCPDS. card no. 00-052-0649

Figure 2. (a) The comparison of XRD patterns of CVO, and CVO/RGO nanocomposite, and (b) the
Raman spectra for CVO, RGO, and CVO/RGO nanocomposite.
The Raman spectra of CVO, RGO, and CVO/RGO nanocomposite were displayed in Fig.2(b).
The CVO exhibited the Raman peaks at 128 cm−1,244 cm−1, 387 cm−1,433 cm−1,828 cm−1,894 cm−1, and
969 cm−1, these peaks were associated with the lattice modes of [CaO6] clusters, bending vibration of
the O−V−O bond, stretching vibration of the V−O bond and symmetric stretching vibrations of the [VO4]
cluster[28]. The obtained result was closely matched with the previously reported data. The RGO
exhibited the two dominant Raman peaks at nearly 1350 cm-1 and 1580 cm-1, which are corresponding
to the D and G bands. The D band is caused by out-of-plane vibrations connected with structural defects,
and the G band is caused by in-plane vibrations of sp2 connected carbon atoms[38]. The intensity ratio
of the D band to the G band (ID/IG) was used to calculate the disorder degree of carbon-based materials.
The calculated (ID/IG) values for the RGO and CVO/RGO were 0.99, and 1.0 respectively, which
exposed the ID/IG ratio of CVO/RGO is comparatively higher than the RGO due to the incorporation of
CVO nanofilaments on the surface of the RGO nanosheet. At the same time, CVO/RGO exhibited the
Raman peaks of CVO also. Hence these results indicated that higher defects, existed in the CVO/RGO
nanocomposite.
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3.3. Electrochemical impedance spectroscopic (EIS) study
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CVO/GCE
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Figure 3. (a) EIS plots for the bare GCE, CVO/GCE, RGO/GCE, and CVO/RGO/GCE (b) CV redox
current curves for the bare GCE, CVO/GCE, RGO/GCE, and CVO/RGO/GCE, at a scan rate 50
mV s-1, (c) CV redox current curves for the CVO/RGO/GCE at scan rate from 20 to 300 mV s-1,
and (d) the corresponding linear plot for redox current response versus the square root of scan
rates. All of these experiments were performed in a 5 mM [Fe (CN)6]3-/4- with 0.1 M KCl solution.

The electron transfer properties of the modified electrode surface were investigated by
electrochemical impedance spectroscopy (EIS) analysis. The EIS analysis was utilized to examine the
electrode surface of the bare GCE and various modified electrodes such as CVO/GCE, RGO/GCE, and
CVO/RGO/GCE. The EIS plot for the bare GCE, CVO/GCE, RGO/GCE, and CVO/RGO/GCE is
displayed in Fig.3.(a), which was performed in 0.1 M KCl solution containing 5 mM of [Fe (CN)6]3-/4.According to the EIS plot the Rct (electron transfer resistance) values for the bare GCE, CVO/GCE,
RGO/GCE, and CVO/RGO/GCE were calculated to be 567, 444, 249, and 240 Ω respectively. As a
result, the integration of CVO nanofilaments is reduced the Rct value of RGO, therefore CVO/RGO
modified GCE exhibited a small semi-circle with a low Rct value. According to these results, CVO/RGO
has good electrical contact between the electrode and electrolyte, and the presence of the RGO made the
charge transfer easier because it has a large surface area.
The cyclic voltammetry (CV) was used to examine the catalytic activity of the prepared
electrocatalyst[31]. The bare GCE and other modified GCEs were examined by the CV analysis, which
is displayed in Fig.5(b), This investigation was performed in 0.1 M KCl solution containing 5mM of [Fe
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(CN)6]3-/4-. The obtained results exposed that the CVO/RGO/GCE has the highest redox peak current
response, compared to the bare and other modified GCEs. Because CVO/RGO nanocomposite has a
large surface area and more active sites. Therefore CVO/RGO/GCE has high electron transferability.
The CVO/RGO/GCE was evaluated by CV with different scan rates, as shown in Fig.3.(c), and
the analysis was carried out in 0.1 M KCl solution containing 5 mM of [Fe (CN)6]3-/4- with scan rate
increasing from 20 to 300 mVs-1.The dependence linear plot for the redox peak currents and the square
root of scan rates is displayed in Fig.3.(d). The obtained results exposed that the CVO/RGO/GCE has
strong redox peak current responses, as well as excellent linear plots for redox current response against
the square root of scan rates. The Randles-Sevcik Equation (1)[45], was used to determine the
electrochemical active surface area (EASA) of the redox process,
Ip = (2.69 ×105) n3/2 D 1/2 A ν 1/2 C
(1)
Where Ip is the peak current value,ν is the scan rate, D is the diffusion coefficient, C is the bulk
concentration of [Fe (CN)6]3-/4-, and n is the number of electrons involved in the electrochemical reaction.
The aforementioned equation (1), was used to calculate the EASA values of the bare GCE, CVO/GCE,
RGO/GCE, and CVO/RGO/GCE the resulting EASA values were calculated to be 0.038,0.054,0.072,
and 0.078 cm2 respectively. The obtained results revealed that CVO/RGO/GCE had a higher EASA
value because the CVO/RGO nanocomposite has more active sites and a large surface area[44]. The
combination of CVO nanofilaments and the RGO enhanced the quick electron transfer because which is
mainly depends on the synergistic effect between the CVO nanofilaments and the RGO nanosheets,
which was confirmed by the EIS analysis. According to the results, the greater EASA value of
CVO/RGO/GCE is expected to be more beneficial for the detection of MFA.
3.4. Electrochemical detection of MFA
The electrochemical performance of CVO/RGO/GCE towards MFA was inspected by the cyclic
voltammetry (CV) and differential pulse voltammetry (DPV) analysis. Primarily, the CV analysis was
performed to inspect the coating effect of the CVO/RGO nanocomposite, on the surface of the GCE was
modified with different concentrations of CVO/RGO (2, 4, 6, and 8 µL), and the CV analysis was
recorded in the presence of 100 µM MFA with 0.1 M PB (pH=7) at a scan rate of 50 mVs-1 displayed
in Fig.4(a). According to the CV current response, the GCE modified with 6 µL of CVO/RGO has a
higher current response when compared to other modified electrodes. Therefore, the bare GCE was
modified with a 6 µL concentration of CVO/RGO nanocomposite and utilized for further
electrochemical studies. Fig.4(b) displayed the corresponding bar graph for CV current response against
different catalyst dosages (µL).
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Figure 4. (a) The CV current curves for 100 µM of MFA at CVO/RGO/GCE with various amounts of
catalyst (CVO/RGO) coating on GCE (2, 4, 6, and 8 µL) in the presence of N2 gas, saturated 0.1
M PB (pH=7) at a scan rate of 50 mV s-1, and (b) the corresponding bar diagram for peak current
versus the amount of catalyst CVO/RGO loading on GCE (µL),(c) CV current curve for the bare
GCE, CVO/GCE, RGO/GCE, and CVO/RGO/GCE, in the presence of N2 gas, saturated 0.1 M
PB (pH=7) containing 100 µM MFA at a scan rate of 50 mV s-1,(d) the dependance bar graph for
peak current versus different modified electrodes, (e) CV current curve of CVO/RGO/GCE at
various concentrations of MFA (10-100 µM) with N2 gas saturated 0.1 M PB (pH=7) at a scan
rate 50 mV s-1, and (f) the corresponding linear plot for the peak currents against different
concentrations of MFA.

Fig.4(c) CV current curves show the comparison electrochemical response towards MFA, for the
bare GCE, CVO/GCE, RGO/GCE, and CVO/RGO/GCE, in the presence of N2 gas, saturated 0.1 M PB
(pH=7) with 100 µM MFA at a scan rate of 50 mV s-1. The obtained results revealed that the MFA
reaction is the irreversible oxidation process. Fig.4(d) shows the dependence bar graph for peak current
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value versus different modified GCEs. According to the obtained results, the CVO/RGO modified GCE
exhibits a higher peak current when compared to the bare and other modified GCE because it has more
active sites, a large surface area, and great electron transferability. The CVO nanofilaments were
attached to RGO through the strong electrostatic interaction, and the synergistic effect between the CVO
and RGO, which exposed the novel synergetic properties and surely helps the rapid electron transfer.
The catalytic property of CVO nanofilaments was improved by the RGO nanosheets and the CVO/RGO
nanostructure was also advantageous for the electrochemical detection of MFA.
The CV current response of CVO/RGO/GCE at various concentrations of MFA(10 to 100 µM)
with N2 gas saturated 0.1 M PB (pH=7) at a scan rate of 50 mV s-1 is shown in Fig.4(e). The obtained
results revealed that as the concentration of MFA was increased from 10 to 100 µM, the peak current
response also increased gradually, which established the rapid electron transfer of the CVO/RGO
nanocomposite. Fig.4(f) shows the dependence linear plot for the peak currents versus different
concentrations of MFA and exposed a good linear regression equation with the coefficient value for the
peak currents Ip(µA) = -3.7466 (MFA) (µM) +2.7893, R2 = of 0.9997 respectively.

E (V vs Ag/AgCl)
300 mV s-1

20 mV s-1

Potential (V vs. Ag/AgCl)

(d)

Current (µA)

Current (µA)

(c)

y = -131.11x - 5.4876
R² = 0.9993

Scan Rate1/2 (Vs-1)1/2

Figure 5. (a) CV current response of 100 µM of MFA at CVO/RGO/GCE with different pH (3.0, 5.0,
7.0, 9.0, and 11.0) under N2 gas saturated PB at scan rate 50 mVs-1, and (b) the corresponding
linear plot for different pH versus potential and current, (c) CV current response of
CVO/RGO/GCE at various scan rates (20-300 mVs-1) in N2 gas saturated 0.1 M PB (pH=7) with
100 µM of MFA, and (e) the dependence linear plot for peak currents versus the square root of
scan rates.
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The effect of pH was scrutinized at CVO/RGO/GCE in the presence of N2 gas saturated various
pH ranges (3.0-11.0) electrolyte containing 100 µM of MFA by CV study, as shown in Fig.5(a).
According to the result, pH=7 has the highest peak current response compared to the other electrolytes,
therefore pH=7 was preferred as the supporting electrolyte for further electrochemical studies. Fig.5(b)
displays the dependence plot for pH against current and potential, then the pH value and peak potential
exhibited a great linear plot with regression equation and coefficient value Ep (V) = -0.0284 (pH) +
0.8096 and R2 = 0.9941 respectively. The resultant equation's slope value was applied in the Nernst
equation (2),
(2)
Where m and n are the number of protons and electrons involved in the electrochemical reaction,
equation (2) was used to calculate the m/n ratio of MFA is 0.48, which suggested that an equivalent
number of protons and electrons are contributing to the irreversible electrochemical oxidation process
of MFA at CVO/RGO/GCE. The previous studies exposed that the irreversible oxidation process of
MFA involves the transfer of two electrons and two protons. Scheme.2. displays the plausible electrooxidation mechanism of MFA[39].
The kinetic property of CVO/RGO/GCE was scrutinized by the different scan rate studies,
Fig.5(c) shows the CV current curves of CVO/RGO/GCE carried out in the presence of N2 gas saturated
0.1 M PB (pH=7) with 100 µM MFA at different scan rates (20 to 300 mV s-1). Fig.5(d) shows the
corresponding linear plot for peak current against the square root of scan rates with coefficient value and
linear regression equation R² = 0.9993, and Ip (µA) = -131.11(Vs-1)1/2 -5.4876 respectively. According
to the result, CV current values were increased when increasing the scan rates, and the CV peaks slightly
shifted to the positive side. The obtained result revealed the electrochemical oxidation reaction of MFA
at the CVO/RGO/GCE process was a diffusion-controlled process.

Mefenamic acid

Scheme 2. The plausible electro-oxidation mechanism of MFA.
3.5. DPV determination of MFA
DPV is a quantitative technique, it has greater sensitivity than CV [46]. Hence our proposed
CVO/RGO/GCE electrochemical sensor was examined by the DPV analysis, to detect the MFA. Fig.
6(a) displays the DPV response of CVO/RGO/GCE for the constant addition of various concentrations
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Potential (V vs. Ag/AgCl)

Sucrose

Tryptophan

Urea

Fructose

Ascorbic acid

Dopamine

Glucose

Uric acid

Paracetamol

MFA

Relative current

Current (µA)

(d)

Interfering compounds

Figure 6. (a) DPV current curves of the CVO/RGO/GCE with various concentrations of MFA (0.001425 µM) in N2 gas saturated 0.1 M PB (pH=7), (b) the corresponding linear plot for DPV current
response against concentrations of MFA, (c) the DPV current response of CVO/RGO/GCE for
100 µM MFA with some potential interfering species (2-10), in N2 gas saturated 0.1 M PB
(pH=7), and (d) The dependence bar diagram of relative current against interfering compounds.

The obtained DPV current curves of CVO/RGO/GCE were linearly plotted with the wide
concentration of MFA displayed in fig. 6(b), according to the result which exposed two excellent linear
regression equations and the coefficient values for the lower and higher concentrations of MFA, Ip (µA)
= -0.0947[MFA] (µM) -2.3457, R2 = 0.9991, and Ip (µA) = -0.0318[MFA] (µM) -7.6612, R2 = 0.9952
respectively. The limit of detection (LOD) was determined to be 0.0079 µM by the standard equation,
LOD = 3 S/q. where ‘q’ is the slope value (0.0947 μA μM−1) from the calibration plot, and ‘S’ is the
standard deviation obtained from the five measurements of the blank signal (0.000252 μA). Additionally,
our proposed CVO/RGO/GCE sensor exhibited a good sensitivity of 1.333 μA μM−1 cm−2. Furthermore,
the CVO/RGO/GCE sensor for the detection of MFA was compared with those earlier reported MFA
sensors in the terms of linear range and LOD as displayed in Table 1. When compared to the previously
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reported sensors our proposed CVO/RGO/GCE sensor exposed low LOD and a wide linear range for
the detection of MFA.

Table 1. The electrochemical detection of MFA at CVO/RGO/GCE is compared to the previously
reported electrodes.
Electrodes

LOD
(µM)
0.00234

Linear range
(µM)
0.01–470

Methods

Reference

lDPV

[39]

0.00045

0.01 –0.9

mSWV

[18]

eCdO/fPANI/gmpg-C N /hGCE
3 4

0.045

0.2–400

DPV

[40]

iSWNT/GCE

0.0134
0.04
0.0012
0.0079

0.1–35
0.3–100
0.002–1.0
0.001-425

SWV
DPV
DPV
DPV

[41]
[42]
[43]
This work

aCV/bCPE
cMWCNTs/dRuTiO

2-CPE

jCu2+Y/ZMCPE
kMMW/CPE

CVO/RGO/GCE
a

CV:Cu5V2O10; bCPE :carbon paste electrode; cMWCNTs: multiwalled carbon nanotubes;
d
RuTiO2:rutheniumdoped titanium dioxide; eCdO: cadmium oxide; fPANI:polyaniline; gmpgC3N4:mesoporous polymeric graphitic-carbon nitride; hGCE:glassy carbon elctrode; iSWNT: single
walled carbon nanotubes; jCu2+Y/ZMCPE: copper(II) doped zeolite modified carbon paste electrode;
k
MMW: magneto multiwalled carbon nanotube; lDPV:differential pulse voltammetry: mSWV:square
wave voltammetry.

3.6. Selectivity study of CVO/RGO/GCE
The selectivity of our proposed CVO/RGO/GCE sensor was examined in the DPV technique
against consecutive injections of 100 µM (1) MFA and 100-fold excess concentration of interferences
such as (2) paracetamol, (3) uric acid, (4) glucose, (5) dopamine, (6) ascorbic acid, (7) fructose, (8) urea,
(9) tryptophan, and (10) sucrose, under in the presence of N2 gas saturated in 0.1 M PB displayed in
Fig.6(c). According to the DPV results, the current response and peak potential didn’t affect by the
addition of a 100-fold excess concentration of interferences, it confirms our proposed sensor has more
selectivity toward MFA in the presence of other interferents. Each measurement was recorded thrice
and the relative standard deviation (RSD) was calculated. All RSD values of the measured currents were
under 10 %, which exposed that the determination of MFA with the CVO/RGO/GCE sensor was
unaffected by the presence of other interferents. Fig.6(d) displays the bar graph for the current response
and the interfering molecules.
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3.7. Reproducibility, repeatability, and stability studies
(b)

Current (µA)

Current (µA)

(a)

Reproducibility

Number of days

Figure7. (a) The bar diagram for the current response of 5 independent CVO/RGO/GCE with 100 µM
of MFA in 0.1 M PB (pH=7), and (b) the bar diagram for the stability of the CVO/RGO/GCE
with 100 µM of MFA in 0.1 M PB (pH=7) over 15 days.

Fig.7(a) displays the bar diagram of five different CVO/RGO modified electrodes versus the
DPV current response, which was performed in the presence of N2 gas saturated 0.1 M PB (pH=7), with
100 µM of MFA, and the relative standard deviation (RSD) was determined to be 3.6 %, according to
the result CVO/RGO/GCE has excellent reproducibility. The long-term electrochemical stability of the
CVO/RGO/GCE sensor was investigated by DPV analysis, the CVO/RGO/GCE was performed in the
presence of N2 gas saturated 0.1 M PB (pH=7), with 100 µM of MFA, the current response of
CVO/RGO/GCE monitored for 15 days, Fig.7(b) shows the bar diagram for the number of days and
DPV current response of CVO/RGO/GCE. The investigations were recorded every day and the electrode
was kept in a refrigerator at 5 °C. The retained current of about 96.3 % was obtained from its initial DPV
experiment, which established the outstanding stability of the CVO/RGO/GCE sensor.
3.8. Real sample analysis

Current (µA)

Human blood serum

15µM

5µM

Potential (V vs. Ag/AgCl)

(b)

Current (µA)

(a)

Human urine

15µM

5µM

Potential (V vs. Ag/AgCl)

Figure 8. The detection of MFA in (a) human blood serum, and (b) urine samples.
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We evaluated the practical applicability of our proposed sensor by using DPV analysis with a
standard addition method in human blood serum and urine samples. Initially, the collected human blood
serum and urine samples were diluted with N2 gas saturated 0.1M PB (pH=7.0), which is directly used
for the DPV analysis, The observed result revealed the absence of MFA in the real sample. Then the
known concentration of MFA (5.0,10.0, and 15.0 µM) was added to the real samples and the results were
displayed in fig. 8(a and b) for human serum and urine sample respectively. The obtained recovery
percentage and RSD values were displayed in Table .2. The obtained recovery results established that
our proposed sensor can be used as an accurate and efficient sensing platform for the detection of MFA
in real samples.
Table 2. The determination of MFA in human blood serum and urine sample at CVO/RGO/GCE.
Real
samples
Human
blood
serum

urine
sample

Added
(µM)
0
5.0
10.0
15.0

Found
(µM)
4.93
9.85
14.92

Recovery
(%)
98.6
98.5
99.4

RSD*

0
5.0
10.0
15.0

4.96
9.95
14.8

99.2
99.5
98.6

2.8
3.1
3.0

3.0
2.8
3.1

*Measurement of three experiments (n=3).

4. CONCLUSION
Our proposed electrochemical sensor was based on CVO/RGO nanocomposite, which was
successfully synthesized by the facile hydrothermal route and fabricated on the surface of GCE for the
detection of MFA under optimized conditions. The large surface area and more active sites of CVO/RGO
boost the adsorption of MFA. The CVO/RGO/GCE sensor exposed a quick response, low LOD, good
sensitivity, robust reproducibility, long-term stability, and excellent selectivity. Furthermore, our
proposed sensor was examined in the real samples for the detection of MFA which displayed satisfactory
results. Hence overall findings of this current work suggested CVO/RGO is a promising material in the
sensor platform.
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