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A B S T R A C T

Herein, we report a one-pot synthesis of structurally uniform and electrochemically active graphitic carbon
nitride/nickel oxide (g-C3N4/NiO) nanocomposite and an investigation on the electrocatalytic oxidation of
quercetin (QR). The synthesized g-C3N4/NiO nanocomposite has uniform surface distribution, which was
characterized with scanning electron microscopy (SEM). Moreover, the composition of synthesized g-C3N4/NiO
nanocomposite was characterized by UV–vis-spectroscopy, X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR spectra), BET, SEM and HRTEM. The g-C3N4/NiO was electrochemically treated in 0.1MPBS
solution through cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The peak current response
increases linearly with QR concentration from 0.010 μM to 250 µM with a fast response time of less than 2 s and a
detection limit of 0.002 μM. To further evaluate the feasibility of using this sensor for real sample analysis, QR
content in various real samples including green tea, green apple, honey suckle were determined and satisfactory
results were achieved.

1. Introduction

Flavonoids are natural products widely distributed in the plant
kingdom and generally present in the common human diet [1–3]. There
is a considerable amount of epidemiological evidences associating rich
diets in fresh fruits and vegetables (onions, apples, various berries, tea,
etc) to lower risks of suffering from cardiovascular conditions and
certain types of cancer [4]. Pharmacological studies have demonstrated
that some phenolic compounds possess anti-inflammatory, antiviral and
antifungal properties as well as an antiproliferative effect on tumor cells
[5]. Several of these biological effects are related to radical scavenging
(antioxidant) properties of such compounds [6,7]. Radical reactions
occur in many biological processes as a natural consequence of living in
an oxidizing environment. However damaging radical reactions out-
come when an unusual process takes place. Interesting reports on the
role of free radicals and antioxidants were reported by Thomas and
Lobo et al. [8,9].

Quercetin (3,3′,4′,5,7-pentahydroxy-flavone, Scheme 1), is a flavo-
noid of widespread occurrence in nature whose medicinal properties
have been extensively demonstrated in the literature, especially the
antioxidant capacity [10–13]. The antioxidant properties of these
compounds (flavonoids) have been attributed to their capacity to

scavenge free radicals generated in aqueous phase, increasing the re-
sistance of lipids against peroxidation. Despite this, the electrochemical
behavior of quercetin has been almost always studied in organic sol-
vents due to constrain imposed by its solubility characteristics. Evi-
dently, the stability of intermediate species originated by oxidation
reactions is substantially different depending on the surroundings (or-
ganic or aqueous media), [14] offering a very rich chemistry as con-
sequence. In this framework, the knowledge of its electrochemical be-
havior in biological relevant to get insight into the quercetin action as
antioxidant.

The most commonly used technique for the determination of QR are
high-performance liquid chromatography [15] and capillary electro-
phoresis [16–19], which have been effectively used for the determi-
nation and quantification, coupled with various detection techniques
[20], such as UV-spectrophotometry, UV photodiode array detection,
mass spectrometry, electrochemical detection and chemiluminescence.
The above methods may provide high assay selectivity, but also leads to
some disadvantages such as operational complexity, time and reagent
consumption, high cost, etc. In fact, some direct methods for analysis of
quercetin without pre-separation have also been described. They are
mostly based on chemical derivatization combined with UV spectro-
photometry [21], or a Kalman filter approach [22,23], but have a poor
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detection limit. Because quercetin is electrochemically active, electro-
chemical methods with their advantages of higher sensitivity, low cost
and less interferences from non-electroactive substances are preferable.
The electrochemical oxidation of QR was studied by Masek et al.
[24,25], under different conditions. In recent years, significant em-
phasis has been placed on the development of electrochemical sensor
for QR detection [26–29].

Usage of ultrasonic irradiation is a simple, green, and low-cost route
for the preparation blend nanocomposites (NCs). With the usage of
ultrasonic, extra-ordinary reaction conditions like activation surface,
high pressure, and high temperature are created for a very short time in
a liquid that cannot be achieved by other methods such as mechanical
or magnetic stirring. These reaction conditions are created by cavitation
micro-bubbles (formation, growth, and collapse of microbubbles in a
liquid). With collapsing of microbubbles, the concentrated energy
stored in the microbubbles release within a very short time (with a
heating and cooling rate of> 1010 K s−1). Furthermore, this route
provides an excellent homogeneous blend NC with a good dispersion
and distribution that is necessary to obtain a good blend NC with im-
proved properties. The results showed that thermal stability, mor-
phology, and optical property were improved in comparison with the
pure blend [30–32]. Inorganic nanomaterials, such as Cu, Fe, Ni, and
their oxides and sulfides, have attracted considerable attention as sen-
sors and biosensors due to their low cost, high specific surface area,
good electrocatalytic activity, and the possibility of promoting electron
transfer rates. Recently, some forms of Ni and NiO nanomaterials have
been utilized in the fabrication of biosensors because they are in-
expensive, nontoxic and due to their readily stored properties [33,34].

g-C3N4, a two-dimensional (2D) planar conjugation material, unique
electronic band structure, has large surface area, high thermal, che-
mical stability, and catalytic properties. Similar to graphite, g-C3N4 has
a layered structure involving weak van der Waals interaction between
the adjacent CeN layers. Therefore, inspired by the research of gra-
phene, much work has been conducted for the achievement of g-C3N4

nanosheet and the ultrathin g-C3N4 nanosheets are excellent perfor-
mance for photocatalysis or bisosensing [35–37]. Some carbon based
nanocomposites have been used to supercapacitive [38,39], catalysis
[40,41], photoelectrochemical [42], hydrogen production [43] and
sensor [44,45], respectively. The homogeneous nanoparticles are un-
desirable for biological and pharmaceutical applications because of
their number of drawbacks, such as easy aggregation or precipitation,
less electron transfer properties, and less electrocatalytic stability and
recycling.

To tackle these problems, synthesis of g-C3N4 composites with dif-
ferent nanomaterials is a common preferred way. But again the main
drawback associated with homogenous nanomaterials is poor stability
and selectivity during sensing process. Hence it is imperative to design
and develop a nanocomposite with high surface area, long-term stabi-
lity, high electrocatalytic activity, and reusability, which should be able
to promote the kinetics of electron transfer reactions. These features are

able to be achieved only by binary nanocomposite materials, such as
the one proposed in this article. To the best of our knowledge, there is
no report on the sonochemical synthesis of g-C3N4/NiO nanocomposite
as an electrochemical sensor. Therefore, it would be of great sig-
nificance and innovation to broaden the application of the g-C3N4/NiO
composites in the electrochemical sensor.

Here, the desired electrode was sonochemical synthesis and fabri-
cated simply by growing prickly g-C3N4/NiO nanocomposite directly on
electrode substrates via a drop casting method and without using any
organic reagent. The modified electrode was discovered to have strong
electrocatalytic activity toward QR, with a concurrent lowering of the
QR oxidation potential. The influence of the modified electrode on
several parameters, including pH, scan rate, concentration, as well as
interference substances, was also studied.

2. Experimental section

2.1. Materials

All reagents and chemicals used in this study were analytical grade
and purchased from Merck and used as received without further pur-
ification. All solutions were prepared with deionized water.

2.2. Synthesis of g-C3N4

The bulk g-C3N4 was synthesized by direct thermal polycondensa-
tion of melamine according to previous report [46]. Graphitic carbon
nitride (g-C3N4) powder was prepared by directly heating melamine at
550 °C in a muffle furnace for 4 h with a heating rate of 10 °Cmin−1

under air condition. The product was washed with ethanol and deio-
nized water several times, and collected by centrifugation and finally
dried at 60 °C in air.

2.3. Synthesis of g-C3N4/NiO nanocomposite

10mg of g-C3N4 was dispersed in 50ml DD water followed by ul-
trasonication (300W) for 2 h while the 5mM of NiCl2·6H2O was dis-
solved in 10ml DD water. After mixing these two solutions with 30min
of vigorous agitation, 0.1M NaOH solution was introduced drop wise
into the mixture to adjust the pH to 11. Then, the solution was heated at
50 °C for 30min with stirring and sonication (300W), followed by re-
fluxing for 8 h. At last, green precipitate was obtained and rinsed with
ethanol and deionized water several times. The resulting nanocompo-
sites were dried at 60 °C for 24 h, until the decomposition of volatile
compounds hydrated minerals and unwanted ions. After annealing at
300 °C for 1 h in air, the g-C3N4/NiO nanocomposite was obtained (1:5
ratio). For the synthesis of pure NiO, the conditions are identical, except
for the absence of g-C3N4 in the system [47]. The overall experimental
synthesis mechanisms are clearly documented in Scheme 2.

2.4. Fabrication of g-C3N4/NiO nanocomposite modified GCE

Prior to use, GCE (diameter= 3mm) was carefully polished to a
mirror like plane with 0.5 and 0.05 μm alumina slurries, then cleaned
ultrasonically in water and acetone, successively. Afterwards, the
electrode was washed thoroughly with excess amounts of water and
dried under nitrogen gas. Schematic diagram showing the step-wise
fabrication of g-C3N4/NiO/GCE is shown in Scheme 2. 4μL of 3.1mg/
mL g-C3N4/NiO colloid suspension was dropped onto the pretreated
GCE and allowed to dry under ambient condition for 3 h to obtain the g-
C3N4/NiO modified GCE. Then, the electrode was rinsed thoroughly
with deionized water to remove the physically adsorbed materials to
form the g-C3N4/NiO2electrode for QR sensing.

Scheme 1. Chemical structure of quercetin molecule.
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2.5. Instruments

Electrochemical measurements were performed with a computer-
controlled electrochemical workstation (CH-660E Instruments Texs
USA) and a computer-controlled advanced electrochemical system in a
two-compartment electrochemical cell with a bare or modified GCE
(3mm in diameter) working electrode, a platinum wire counter elec-
trode, and an (Ag/AgCl)/ vs (KCl-saturated) reference electrode. All of
the electrochemistry experiments were performed at room temperature.
The surface morphological characterization of g-C3N4/NiO/GCE was
examined by means of scanning electron microcopy (SEM; JEOL JSM
6701F) at an accelerating voltage of 20 kV. The crystalline structure of
the nanoparticles was studied by an X-ray diffraction (XRD; XPERT PRO
X-RAY) with Cu Kα radiation at 25 °C and the structural assignments
were made with reference to the JCPDS power diffraction files. Fourier
transform infrared (FT-IR) measurements were performed using a
Perkin Elmer spectrophotometer RXI. Hitachi U-3300 spectro-
photometer was used to carry out UV–visible absorption spectroscopy
measurements.

3. Results and discussions

3.1. Optical properties

The optical properties of the prepared nanocomposite are very es-
sential factor for determining their electrocatalytic efficiency. Fig. 1
shows the UV–vis-spectra of absorption onset observed at about 380 nm
for g-C3N4, 330 nm for NiO and 410 nm for g-C3N4/NiO [43]. It can be
seen from the figure that the absorbance intensity of g-C3N4/NiO na-
nocomposite was shifted to a longer wavelength when compared to g-
C3N4 and NiO. The observed red shift in g-C3N4/NiO nanocomposite
can be attributed to the electron–hole transition between g-C3N4 and
NiO. The above result indicates that dispersing NiO on the g-C3N4

surface leads to the enhanced absorption in the visible light range,
which is an important tool for the electrocatalytic application.

3.2. FT-IR

The molecular structure information of the as prepared samples g-
C3N4, NiO and g-C3N4/NiO nanocomposite, as depicted in Fig. 2. With
respect to g-C3N4 (block line), the prominent bands in the region of

Scheme 2. Stepwise fabrication of g-C3N4/NiO modified glassy carbon electrode for QR
sensor.

Fig. 1. Optical properties of g-C3N4, NiO and g-C3N4/ NiO nanocomposite.

Fig. 2. FT-IR spectra of g-C3N4, NiO and g-C3N4/NiO nanocomposite.

Fig. 3. XRD pattern of g-C3N4, NiO and g-C3N4/NiO nanocomposite.
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Fig. 4. SEM image of (a) g-C3N4, (b) NiO and (c) g-C3N4/NiO nanocomposite.
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1200–1650 cm−1 can be related to the typical stretching modes of CN
heterocycles, wherein the peaks at 1226, 1322, 1405, 1631 cm−1 are
assigned to the aromatic CeN stretching. The sharp band sat 807 cm−1,
646 cm−1 are attributed to the bending vibration of characteristics of
triazine rings [47,48]. The broad peaks at around 2900–3400 cm−1

originate from stretching vibration modes for the –NH and hydroxyl of
the adsorbed H2O. The broad absorption bands at around 412 cm−1,
698 cm−1 and 1652 cm−1 are attributed to the Ni–O (red line) vibra-
tion absorption [49], while the broad absorption region with a max-
imum around 3632 cm−1 can be attributed to the hydroxyl groups and
adsorbed water [49]. The peak observed at 412 cm−1 of NiO is shifted
to 465 cm−1 in the case of nanocomposite. These results suggest that
the hydroxyl groups and triazine rings of g-C3N4 are successfully in-
teract with NiO via hydrogen bonding or electrostatic interaction.

3.3. X-ray diffraction

The phase and composition of as prepared samples of g-C3N4, NiO
and g-C3N4/NiO nanocomposite were investigated by powder X-ray
diffraction pattern and are displayed in Fig. 3. The XRD pattern of the g-
C3N4 show two obvious peaks at 27.45°, which correspond to the (100)
and (002) planes of g-C3N4, consistent with the standard value (JCPDS

Fig. 5. HRTEM image of g-C3N4/NiO nanocomposite with SAED pattern.

Fig. 6. Nitrogen adsorption-desorption isotherm and corresponding pore size distribution
curve (inset) of the g-C3N4/NiO nanocomposite.
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87-1526). The XRD pattern of the pure NiO demonstrates sharp dif-
fraction peaks at 37.26°, 43.26°, 62.81°, and 79.36°, which can be re-
spectively indexed to the crystal planes of (111), (200), (220) and
(222) of pure NiO nanoparticles (Cubic structure, JCPDS 47-1049). The
g-C3N4/NiO nanocomposite peaks located at 27.32°, 38.01°, 44.23°,
64.31°, and 76.35° corresponding to (100), (111), (200), (220) and
(222) respectively. The FT-IR result shows good coincidence with XRD
analysis and indicates the hybrids structure of g-C3N4/NiO nano-
composite. The average crystallite sizes are calculated from Debye-
Scherrer equation [50].

3.4. Surface morphology and microstructure

The SEM images of g-C3N4, NiO and g-C3N4/NiO nanocomposite are
illustrated in Fig. 4(a–c). As seen from the figure, g-C3N4 nanoparticles
have sheet-like structure, NiO nanoparticles are spherical like in shape
and the g-C3N4/NiO nanocomposite has short sphere like morphology
in the average range 30–60 nm. The dark grey spheres in the micro-
graphs are obviously NiO and g-C3N4 has white small pinches on the

grey surface of NiO. The EDX spectrum and their corresponding keV of
g-C3N4, NiO and g-C3N4/NiO nanocomposite are displayed in Fig. 4d–f.
The peaks corresponding to C, N Ni and O are clearly observed in the
EDX spectrum at their normal energy and the results are clearly in-
dicating the formation of g-C3N4/NiO nanocomposite.

The surface morphology and particle size of g-C3N4/NiO nano-
composite was further verified by different magnification of HR-TEM
(Fig. 5a–c), which showed direct information about the distribution of
the g-C3N4 on the nanocomposite surface. TEM observation reveals that
there are no discrete NiO or g-C3N4 nanoparticles. The bright grey and
black color spherical agglomerates are obviously due to the presence of
g-C3N4 and NiO, which is beneficial for the formation of g-C3N4/NiO
nanocomposite SAED (selected area electron diffraction) as shown
Fig. 5d. The average particle size was found to be 60–5 nm, which is in
good agreement with the XRD results [50].

3.5. BET

In order to investigate the mesoporous nature and specific surface
area of the as-synthesized g-C3N4/NiO composite, a nitrogen adsorption
– desorption isotherm was successfully measured at −195.87 °C. The
isotherm for the sample, which exhibits a type IV with a H3 hysteresis
loop according to the IUPAC classification, reflecting the presence of a
mesoporous structure of the composite is displayed in Fig. 6. The sur-
face area (SB.E.T. (m2/g)) of g-C3N4 and NiO has been calculated using
B.E.T equation and it was found to be 86.51m2/g and 81.32m2/g. The
pore-size distribution of the sample is also estimated using the Bar-
rett–Joyner–Halenda (BJH) method from the desorption branch of the
isotherm, as shown in the inset of Fig. 6. The calculated pore size dis-
tribution using BJH method indicates that the size of mesoporous is not
uniform ranging from 10 to 80 nm, which is consistent with the HR-
TEM observation [51].

3.6. Electrochemical studies

Fig. 7. shows CV of bare GCE, g-C3N4/GCE, NiO/GCE, and g-C3N4/
NiO/GCE recorded in phosphate buffer saline (0.1 M PBS, pH, 6.4)
containing 5mM [Fe(CN)6]3−/4− and in the potential range, −0.3 to
0.6 V at 50mV/s rate. The bare GCE (curve a) shows a well-defined pair
of redox peaks corresponding to the electrochemical behavior of [Fe
(CN)6]3−/4−. When the g-C3N4 and NiO are individually applied on to
the surface of GCE, a decrease in both oxidation and reduction peak
current is noticed. Furthermore, the g-C3N4 coated onto the surface of
NiO/GCE has increased both oxidation and reduction peak current. In
the case g-C3N4/NO composite modified GCE has excellent electro-
chemical properties.

3.7. Electrochemical behavior of QR in g-C3N4/NiO/GCE

Fig. 8 displayed the electrochemical behavior of 5 µM QR on the
bare GCE, NiO/GCE, g-C3N4/GCE and g-C3N4/NiO/GCE investigated by
CV in 0.1M PBS (pH 6.4) at a scan rate of 50mV/s. In the case of bare
GCE small redox peaks at Epa0.216 V and Epc 0.158 V are observed
where as the current increased after g-C3N4was deposited onto GCE,
which was ascribed to the g-C3N4 impeding the transfer of electrons. It
also demonstrated that g-C3N4was successfully modified to the elec-
trode. However, when g-C3N4 is applied onto the surface of NiO/GCE,
the oxidation current of QR was dramatically increased due to the ex-
cellent synergetic effect of g-C3N4/NiO/GCE.

To investigate the electron transfer rate of the g-C3N4/NiO/GCE, the
CV response of QR at different scan rate (10–100mV) are displayed in
Fig. 9a. In the case of anodic and cathodic peak currents increased
linearly with the scan rate are increases. As shown Fig. 9b, the re-
lationship between oxidation peak current, reduction peak current and
the square root of the scan can be expressed as:
Ipa= 0.6791x+26.0709c with a correlation coefficient (R2)= 0.9902

Fig. 7. CV of bare GCE, g-C3N4/GCE, NiO/GCE, and g-C3N4/NiO/GCE in phosphate
buffer saline (0.1 M PBS, pH, 6.4) containing 5mM [Fe(CN)6]3−/4− at scan rate of
50mV/s.

Fig. 8. CVs of 5 µM QR on the bare GCE, NiO/GCE (b), g-C3N4/GCE (c) and g-C3N4/NiO/
GCE in 0.1 M PBS (pH 6.4) at scan rate of 50mV/s.
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Fig. 9. (a) CVs of 10 µM QR on the g-C3N4/NiO/GCE at different scan rate 10–100mV/s in 0.1M PBS. (b) The relationship between the redox peak potential and the Napierian logarithm
of scan rate.

Fig. 10. (a) CVs of varying QR concentration in the range of 1–30mM in 0.1M PBS (pH 6.4). (b) Inset: calibration plot in concentration vs current.

Fig. 11. Effect of pH. Fig. 12. DPV of the g-C3N4/NiO/GCE in 0.1M PBS (pH=6.4) for different concentra-
tions of QR.
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and Ipc=−0.999x+ 0.3071 with a correlation coefficient
(R2)= 0.9901, respectively.

The effect of the QR concentration on the CV response for the g-
C3N4/NiO/GC electrode was also investigated, and the results are
shown in Fig. 10a. It can be seen that the gradual addition of QR causes
an increase in the oxidation current, and this increase was found to be
linear (Fig. 10b). These observations further suggest that the g-C3N4/
NiO nanocomposite displays a good response towards the oxidation of
QR. This result shows better catalytic properties than those of ortho-
quinone.

Further, QR is a phenolic aromatic compound and its existing form
is strongly dependent on the pH of the aqueous, which influenced its
redox process on the electrode; on the other hand, the electrochemical
oxidation of QR on the modified electrode surface is a procedure with
the proton participation. These two aspects both were relative to the
pH, so, the effect of pH on the electrochemical response of QR was
investigated. To achieve an optimal electrochemical response of 0.1 M
PBS containing 10 µM QR at g-C3N4/NiO/GCE, the effect of pH vs

current and potential were investigated by CV in the range of 3.8–7.6.
As can be seen in Fig. 11, the redox peak current increased with solu-
tion pH ranging from 3.8 to 6.4, and then the decrease of the redox peak
current was observed when the solution pH was higher than 6.4.
Therefore, the influence of pH value of 6.4 was chosen as the optimal
pH condition and utilized in the subsequent experiments. Meanwhile,
the oxidation peak potentials shifted negatively with the increase of pH
value, which is due to the anodic reaction which is much easier under
pH 6.4. The values of oxidation peak potential shifted to more negative
potentials with the increase of pH indicating that protons take part in
the electrode reaction process.

DPV was used for the determination of QR because of its higher
sensitivity than CV. Further, DPV was performed to examine the sen-
sitivity of the g-C3N4/NiO/GCE towards the detection of QR. Fig. 12
displayed the DPV of the g-C3N4/NiO/GCE in 0.1 M PBS (pH=6.4) for
different concentrations of QR. Here the DPV was recorded by sweeping
the potential between −1.0 and 0.6 V at amplitude of 0.05 V, a step
potential of 0.07 V and a scan rate of 20mV s−1. In case of DPV, curve
a–j show the well-defined and stable anodic oxidation peak current
curves for QR. These results demonstrated that the g-C3N4/NiO/GCE
might provide a good electrocatalytic activity towards QR sensing. The
DPVs current linearly increased when the concentration of QR was in-
creased from 0.01 μM to 250 µM at g-C3N4/NiO/GCE with a correlation
coefficient of 0.9910 (inset Fig. 8) and detection limit is 0.002 µM.
Linear range and detection limit are compared with reported data
summarized in Table 1. The present electrochemical sensor showed on
excellent electrochemical detection of QR.

3.8. Study of interference, repeatability, reproducibility and real samples

Some organic compounds and inorganic ions were tested to check
their levels of interference in QR determination. The selectivity and
utility of the proposed method were investigated in the presence of
coexisting ions. For this purpose, the interference of various ions was
tested in optimized conditions by adding them to the solution con-
taining 10 µM QR. The tolerable limit was defined as the foreign ion
concentration that gave an error of less than± 3.0%. Experimental
results showed there is no interference for ions with a 500-fold excess of
Co2+, Pb2+, Ca2+,Na+, and Mg2+, a 200-fold excess of Fe2+, a 100-
fold excess of Ni2+, and a 10-fold excess of Cd2+, Cu2+.

The reproducibility and stability of the sensor were evaluated in the
presence of 10mM QR. The relative standard deviation (RSD) was
calculated to be 1.3% by repeated detection of the catalytic currents for
40 times (Fig. 13) on the same electrode. Similarly, the RSD was 1.3%
for five electrodes constructed independently. Additionally, the storage
stability of the modified electrode was checked after the one-month
storage at 25 °C, the catalytic currents retained 95.64% of the initial
value. These phenomena demonstrate the improved reproducibility and
stability of the resulting sensor.

The g-C3N4/NiO/GCE for the real samples determination was per-
formed by measuring green tea, green apple and honeysuckle sing the
standard addition technique. All samples were diluted with 0.1M PBS
(pH=6.4) and transferred to the electrochemical cell before the
measurements. In order to ascertain the correctness of the results,
certain amounts of green apple, honeysuckle, and green tea were added
into the diluted samples and then detected. The results were summar-
ized in Table 2. One can see that g-C3N4/NiO/GCE exhibited exact re-
covery results, which indicated that RGO/GCE has the potential ap-
plication for determining QR in real samples.

4. Conclusion

In summary, g-C3N4/NiO nanocomposite modified GCE for the
ultra-sensitive determination of QR. The UV–vis, FT-IR, XRD, SEM with
EDX, HRTEM, and B.E.T techniques suggested the existence of strong
interfacial interaction between g-C3N4 and NiO. DPV current has a wide

Table 1
Comparison of analytical performance of QR sensing by various modified electrode.

Electrode Linear range
(µM)

Detection
Limit (µM)

Method Stability Refs.

Bare GCE 0.1–15 0.0031 DPV – [52]
DNA/CPE 0.1–3 0.0385 DPV – [53]
CPE/AM 0.025–1.5 0.010 DPV – [26]
E-Gr/P-β-CD/

GCE
0.005–20 0.001 DPV 2weeks [54]

GCE/PEI-CNTs 0.8–7.0 0.89 SWV – [55]
GCE/

PAA–CNTs
0.1–5.0 0.0075 Amperometric – [55]

GOD/AuNP/
GCE

0.01–6.0 0.002 DPV 1week [56]

Co3O4/GCE 0.050 –33 100 nM DPV 4week [57]
g-C3N4/NiO/

GCE
0.010–230 0.002 DPV 4weeks This

work

Fig. 13. Differential pulse voltammograms for 40 multiple cycles in the presence 10 µM
QR at g-C3N4/NiO/GCE in 0.1 M PBS (pH6.4).

Table 2
Determination QR in green tea, green apple and honeysuckle.

Sample Detected Added Found Recovery RSD (n= 3)

Green Tea 6.67 ± 21 6 12.45 99.00 2.122
Green Apple 7.12 ± 34 6 13.54 101.56 3.163
Honeysuckle 6.87 ± 54 6 12.56 101.94 2.125
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linear dynamic range 10 nM to 250 µM and limit of detection was found
to be (LOD) 0.002 µM. This implies the excellent electrochemical sen-
sing nature of the fabricated g-C3N4/NiO composites sensor over re-
ported literature with good sensitivity and selectivity. The sensor
doesn't exhibit any remarkable change in the presence of interferents.
The proposed sensor also showed good stability, repeatability and re-
producibility. The fabricated electrochemical sensor was further in-
tended for the detections of QR in various real samples like green apple,
green tea and honeysuckle. Thus, g-C3N4 / NiO nanocomposite can
hopefully be applied to other research fields due to its unique electro-
chemical properties.
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