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Abstract

Quercetin (Qu) is a most active biological flavonoid and it has a very wide spectrum of potential applications. Herein, we
have synthesized ionic liquid assisted Co;0O, nanostructures through an aqueous chemical growth method and fabricated
a Co;0, modified GCE as an electrochemical sensor for the sensitive detection and determination of Qu. The proposed
electrochemical sensor was not only prepared with a very easy, simple and cheap method but it was also found to be very
selective, sensitive and highly stable for the detection of Qu in standard solutions as well as in real food samples like onion,
honey and green tea. The prepared electrochemical sensor has shown an excellent electrochemical response for Qu with a
wide range of detection from 0.01 to 3 uM. The oxidation current response of Qu on Co;0, modified GCE was found 4 times
higher than the response of bare GCE which is due to the high conductivity, tremendous catalytic ability and large surface
area of Co;0, nanostructures. The limit of detection (LOD) and the limit of quantification (LOQ) for Co;0,/GCE sensor
was calculated and found to be 0.0002 uM and 0.0007 uM respectively. While, the amount of Qu in real samples was found
to be 5.367 pg/mL in honey, 15.58 pg/g in onion and 3.473 mg/g in green tea respectively. In comparison to the previously
reported sensors, the prepared Co;0,/GCE sensor has shown a higher electrocatalytic capability, remarkable stability, super
sensitivity and adequate selectivity for the determination of Qu in standard solutions as well as in real samples.

Keywords Ionic liquid - Co;0, nanostructures - Quercetin - Electrochemical sensors - Food samples - Onion - Honey -
Green tea

Introduction of polyphenolic compounds that are extensively present in
plants, roots, seeds, stems, vegetables, fruits and flowers
[1, 2]. Based on phenolic rings, the position of hydroxyl
groups and the presence of double bonds, the flavonoids are

classified into flavonols, flavones, flavanones, isoflavones,

Recently, polyphenols have been considered as the fifth
important nutrient after vitamins carbohydrates and pro-
teins [1]. Flavonoids are the naturally occurring subclass
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flavan-3-ols and anthocyanin categories [3]. Among these
classes, flavonols have strong antioxidant [4], anti-inflam-
matory [5], antiulcer [6], antiviral [7, 8] and many other
pharmacological and biological activities. In flavonols,
quercetin (3,3',4',5,7-penthydroxyflavone, Qu) is considered
as a most biologically active and abundant dietary flavo-
noid which shows high antioxidant activity and can protect
human DNA from the oxidative attack in vitro by its free
radical scavenging property [9]. Besides antioxidant prop-
erties, Qu also possesses anti-inflammatory, antiviral, anti-
allergic, anti-tumor and anti-pathogenic activities and may
use to treat cardiovascular and cerebrovascular illness [9,
10]. However, its excessive amount can also cause kidney
cancer [11]. Based on these facts, the simple, accurate and
sensitive determination of Qu has attracted great interest in
many fields of science and chemistry.

Several analytical methods have been developed for the
quantification and detection of Qu including HPLC [12],
spectrophotometry [13], capillary electrophoresis [14] and
gas chromatography [15]. Although these methods are effec-
tive and sensitive but at the same time, they are costly, time-
consuming and require expensive reagents, pretreatment of
samples and complex instrumental handling. As Qu is an
electroactive compound [16], therefore it can be detected
and quantified by electrochemical methods, while the elec-
trochemical methods have been proven less expansive, sim-
ple and fast with super sensitivity and remarkable stability
[17-25] so they can be used for exact and sensitive recog-
nition of Qu [7]. However, in electrochemical sensing the
conventional GCE (glassy carbon electrode) or CPE (carbon
paste electrode) suffers from electrode fouling and high over-
voltage problems because of slow electron transfer kinetics,
therefore, supplies high detection limits [26, 27]. In order to
enhance the performance and the sensitivity of the electrode
for the quantification and detection of Qu and other biomol-
ecules, it is compulsory to modify the traditional GCE or
CPE with different modifier materials [28-30]. Nowadays, a
variety of nanomaterials has been used for the modification
of electrodes [31] such as noble metals [32], polymers [33],
metal oxides [25, 34] and carbon nanomaterials [35]. Among
these nanomaterials, metal oxides have attracted great inter-
est from the scientific community because of their large
surface area, excellent working ability and good catalytic
performance [36-39]. To date, different metal and metal
oxide-based nanomaterials or nanocomposites have been
synthesized and used for the determination of Qu as Sepideh
Tajyani et al. [40] have synthesized Fe;0,@NiO magnetic
nanoparticles for the detection of Qu. Vilian et al. [41] have
fabricated a sensor of Au NPs on a porous aromatic frame-
work (Au-PAF-6) for Qu detection and M.L. Yola et al. [42]
have developed a graphene oxide/silver NPs based sensor for
the inspection of Qu. But recently cobalt oxide nanostruc-
tures have gained huge attention of the scientists because of

their inimitable properties and three different polymorphs,
for example, cobaltous oxide (CoO), cobaltic oxide (Co,05)
and cobaltosic oxide (Co;0,) [25]. In Co;0,, Co**/Co** ion
pairs coexist at the same time in which Co®* ions engage
tetrahedral sites and Co®* ions engage octahedral sites with
oxygen and it crystallizes in spinal structure [43]. Co;0, spi-
nal nanostructures have great potential application in many
fields of science and technology such as in electrochemical
sensors [44, 45] lithium-ion batteries [46] supercapacitor
[47] and energy storage devices [48]. Whereas, ionic liquids
(ILs) are the class of low temperature organic molten salts
that possess a wide range of temperatures. Due to their high
polarity, negligible vapor pressure, good dissolving ability,
tailorable structures, high thermal stability and high ionic
conductivity [49] ILs have been widely used in catalysis
[50], as an inert solvent in electrochemistry [51] and in some
chemical processes can be used to replace water due to their
unique properties. In material synthesis, they have been used
as solvents, morphological templates, additives and reactants
for the synthesis of inorganic nanomaterial with enhanced
properties [52, 53]. An important feature of using ILs in the
synthesis of nanostructures involves the growth and nuclea-
tion of nanoparticles [54].

In this study, we have successfully synthesized the IL
assisted Co;0, nanostructures through a low temperature
aqueous chemical growth method in which IL was used as
a morphological template. This synthesized material was
then used to fabricate a nanosensor to investigate the elec-
trochemical behavior of Qu. The electrochemical investi-
gation on Co;0,/GCE sensor was carried out by using the
cyclic voltammetry (CV) technique and differential pulse
voltammetry (DPV) technique on optimized parameters.
Because of the large surface area, prodigious catalytic activ-
ity and highly conductive nature of Co;0, nanostructures,
the modified Co;0,/GCE shown excellent performance for
the determination of Qu in real samples of onions, honey
and green tea.

Experimental
Chemical reagents and solutions

Cobalt chloride hexahydrate and urea were purchased from
Sigma-Aldrich (UK and Sweden). Quercetin dihydrate and
1-butyl-3-methyl imidazolium hexafluorophosphate [BMIM]
[PF¢] IL was purchased from Fluka (Switzerland). All the
reagents were of analytical grade and used without any pre-
treatment process. Deionized (D.I) water was used through-
out all experiments. A 0.01 M stock solution of Qu was
prepared by dissolving the appropriate amount of Quin 1:1
v/v of water and ethanol. The phosphate buffer of 0.1 M con-
centration (pH 4) was prepared by dissolving the measured
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quantities of NaH,PO,, KH,PO,, Na,HPO,, NaCl and KCI
in one litter volume of D.I water, and 0.1 M NaOH or HC1
was then used to adjust the pH of the buffer solution.

Synthesis of Co;0, nanostructures

Co;0, nanostructures were prepared through a low-temper-
ature aqueous chemical growth method by following our
previously reported method [25]. For this purpose, three
separate solutions containing 0.1 M cobalt chloride hexa-
hydrate salt, and 0.1 M urea were prepared in 100 mL of
D.I. water followed by the addition of variant volumes (25,
50, and 75 pL s) of IL [BMIM]*[PF,]~ in each solution. The
amount of precursor salt and urea were kept the same in all
solutions only the volumes of IL were varied. The solutions
containing the chemical mixture were kept on magnetic stir-
ring for several minutes in order to homogenize the mixture.
After that, the beakers containing the growth solutions were
covered with aluminum foil and kept in an oven at 90 °C
for 4 h. As the time was completed, the synthesized nano-
structures were filtered through Whatman filter paper and
washed several times with D.I water to remove all the impu-
rities. The filtered precipitates were then dried in an oven
for 30 min at about 80 °C and then the dried materials were
kept in an electric furnace for 4 h at 500 °C for annealing
to remove their hydroxide phase and to achieve pure cobalt
oxide nanostructures.

Modification of electrode with synthesized
Co;0, nanostructures

For the modification of GCE, 10 mg of Co;0, nanostruc-
tures were dissolved in 2.5 mL of D.I water (containing 50
uL of 5% Nafion®) and sonicated for 30 min as reported
[25, 39]. Before the modification of GCE, the electrode was
thoroughly polished with 0.5 u pore alumina powder and
washed with D.I water after that the modification was done
by drop-casting method, in which 10 pL of prepared Co;0,
solution was carefully dropped on the surface of GCE and
left at room temperature until the excess water evaporates
and the electrode surface gets dried.

Structural and electrochemical
characterization of nanomaterial

The functionalities present in the material were studied by
using Fourier transform infrared spectrophotometer (FTIR)
(Thermo Nicolet 5700). While the purity and the crystal-
linity of Co;0, nanostructures were checked through X-ray
powder diffraction (XRD) by utilizing Phillips PW 1729
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powder diffractometer. The elemental analysis and compo-
sition of the materials were confirmed by energy disper-
sive spectroscopy (EDS) and the shape of the synthesized
materials was evaluated by field emission scanning electron
microscopy (FESEM) by using LEO 1550 Gemini worked
at 20 kV.

CV, DPV and electrochemical impedance spectroscopy
(EIS) measurements were carried out on CHI-760 electro-
chemical work station (USA) and a three-electrode contain-
ing conventional assembly was established in which GCE
was used as working electrode, Ag/AgCl electrode (0.1 M
KCl) used as reference electrode and the Pt wire was used as
a counter reference electrode. A phosphate buffer of 0.1 M
concentration (pH 4) was used as a supporting electrolyte.
The CV studies were carried out in the potential range of
— 0.2 Vto +0.5 V at the scan rate of 50 mVs~'. While
the DPV was performed on the optimized parameters in the
potential range of 0.1 to 0.4 V with the amplitude of 50
mV and the pulse width and pulse period of 0.03 and 0.1 s
respectively. However, EIS was carried out in the frequency
range of 100 kHz to 1 Hz at the initial potential of 1.5 V. All
the experiments were done at room temperature.

Sample preparation for onion, honey
and green tea

Different onion samples were cut into small pieces and 25 g
of them were ground in a mortar till the onion paste was
obtained, then the paste was added to 50 mL of methanol
and sonicated up to 30 min at 40 °C. After that, the obtained
extract was filtered twice with Whatman filter paper and
then the appropriate amount of the onion extract was fur-
ther diluted in the electrolyte solution and the measurements
were carried out through the standard addition method by
using the DPV technique.

Same as, 1 g of dried green tea leaves were ground and
added in 10 mL of methanol while for honey sample, 5 mL
of honey was diluted in 10 mL of methanol and the extract of
both samples was obtained by following the same procedure
and the measurements were carried out in the same way as
mentioned in the above statement.

Results and discussion
Structural characterization of Co;0, nanostructures

The functionalities present in the prepared Co;0, nanostruc-
tures were checked through FTIR analysis in the wavelength
range of 400 to 2750 cm™!. The two infrared bands appeared
at 497.5 and 640.2 which are the specific vibration modes
of (Co-0O) confirming the successful preparation of spinal
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Co;0, nanostructures. While the infrared band that appeared
at 1643.1 is the OH bending vibration of water absorbed
from the environment.

The crystalline nature and the phase purity of the syn-
thesized nanostructures were inspected through the XRD
technique and the results are shown in Fig. 1. The diffrac-
tion peaks in the spectrum of all three materials at 20 repre-
sent the crystal planes of (111), (220), (311), (400), (511),
and (440) cubic phase of Co;0,. Meanwhile, the absence
of the other phase peaks assures the purity of the prepared
material while the high sharpness of the peaks indicates the
high crystalline nature of the prepared nanostructures. The
average crystalline size for all Co;0, nanostructures (pre-
pared with variant volumes of IL) was calculated from the

—25L
——50 L
— 754

(311)

intensity (a.u)

Fig. 1 XRD patterns of Co;0, nanostructures synthesized with 25 uL
(black), 50 pL (red) and 75 pL (blue) volumes of IL

Fig.2 Low- and high-resolution
FE-SEM images of Co;0,
nanostructures that were synthe-
sized with 25 pL volume of IL

WD: 10.85 mm
Det: SE + InBeam 10 pm

SEM MAG: 5.00 kx
SEM HV: 20.0 kV

BI: 6.00 Date(m/dly): 11/26/19  Institute of Space Technology, 5.00

major XRD diffraction peaks by using the Scherrer formula
(t=kM(p cos 0) and it was observed to be 22.9 nm for the
material which was synthesized with 25 pL. volume of IL
while 24.7 nm and 27.5 nm for the materials which were
synthesized with 50 and 75 pL volumes of IL respectively.

Furthermore, to ensure the elemental composition of the
synthesized nanostructures, the EDX analysis was carried
out and the results confirm that the synthesized material is
only composed of Co and O elements with a total weight %
of 67.7%, 31.4% (in 25 uL IL), 67.9 %, 31.3 % (in 50 uL IL)
and 69.8 %, 31.1 % (in 75 uL IL) respectively.

The structural characteristics or morphological charac-
teristics of the prepared Co;0, nanostructures were stud-
ied through FE-SEM analysis and the obtained results are
displayed in Fig. 2a and b which contains low- and high-
resolution images of the material which have shown good
catalytic activity in sensing application and have been pre-
pared with less volume (25 pL) of IL. The FE-SEM images
of the other two materials that have been prepared with 50
and 75 pL of IL have been reported previously [25]. The
surface morphology of the nanostructures plays a crucial
role in designing or fabricating the electrochemical sensors.
Herein, the IL was utilized as a morphological templet and
different volumes of IL were examined to study their effect
on the morphology and properties of the material. Here
we observed from the FE-SEM images that all the Co;0,
nanostructures produced with different volumes of IL were
showing almost the same morphological texture of Co;0,
as nanorods like surface with little balls on the nanorods.
The Co;0, nanorods produced with 25 uL of IL are well
dispersed but due to the magnetic nature of Co;0,, the rods
are seemed to be little accumulated. The other Co;0, nano-
structures produced with the 50 and 75 pL volumes of the IL
were also alike in texture as produced with the 25 pL (Co;0,
nanorods) but those nanorods are accumulated more closely

WD: 10.85 mm
120.0 kV Det: SE + InBeam | 1pm

MIRA3 TESCAN SEM MAG: 50.0 kx MIRA3 TESCAN

Date(m/dly): 11/26/19 | Institute of Space Technology, ISB
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due to the higher volumes of IL. Though, it was observed
that the higher volume of the IL did not alter the morphology
of the Co;0, nanorods but somehow aggregate them. The
dispersed and well-defined shape of Co;0, nanorods was
produced with 25 pL of IL so it could be the better candidate
in the sensing applications.

Electrochemical characterization using EIS
and CV

Initially, the electrochemical characterization of the material
was done through EIS and CV techniques to check the effi-
ciency of the prepared material in electrochemical sensing.
The measurements were carried out in 5 mM [Fe (CN)6]_3/ -4
and 0.1 M KCl solutions (used as a redox probe), both solu-
tions were taken in the same ratio.

EIS is a powerful technique used to study the charge
transfer efficiency of fabricated electrochemical sensors. It
calculates the charge transfer resistance (R,,) by fitting the
data in an equivalent electrical circuit. In EIS the semicircle
part (in the low-frequency region) of the resultant Nyquist
plot corresponds to the charge transferring activity of the
modified sensors, and the diameter of that semicircle curve
is proportional to their electron transferring efficiency which
means that as smaller the diameter of the semicircle curve as
lower the R, of the sensor and higher its electron transfer-
ring ability. Meanwhile, the linear part in the high-frequency
region corresponds to the diffusion process [11, 55]. The R,
values of bare and different Co;0, modified electrodes were
obtained by fitting the data in a Randles equivalent circuit
diagram and the resultant plot is shown in Fig. 3a. The larg-
est semicircle diameter and highest R, value were obtained
with bare GCE (1475 Q) which is indicating that the bare
GCE has less conductivity and very poor electron transfer-
ring efficiency. However, with different Co;0, modified
electrodes the smallest semicircle diameter and lowest R,
value of 202.7 Q were obtained from the electrode that was
modified with the material in which 25 pL of IL was used

Fig.3 A Nyquist plot, B
Cyclic voltammogram of bare
and different Co;0, modi-
fied GCEs recorded in 5 mM e o
[Fe(CN)s]~~*and 0.1 M KClI . .
solution 009

Bare GCE
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which indicates that this material has high electron transfer-
ring efficiency and providing more active surface area due to
the small size of the particles as compared to the other two
materials that have the R, values of 356 € and 568.4 Q (for
50 and 75 pL IL) respectively. The active electrode surface
area of bare and different Co;0, modified electrodes was
also calculated by the Randles—Sevcik equation. The active
surface area obtained for the bare GCE was 6.12 mm? and
for the Co;0, modified electrodes, it was obtained to be 9.76
mm?, 8.45 mm?, and 7.24 mm? for the materials in which 25,
50, and 75 pL volumes of IL were used respectively.

Figure 3B shows the CV results of bare GCE and various
Co;0, modified GCE obtained in the same redox probe solu-
tion. These results also justifying the EIS results, as can be
seen from the voltammogram that as compared to the bare
GCE and other two modified GCEs (50, 75 puL IL) a well-
resolved peak with high peak current was obtained from the
electrode that was modified with the material in which 25
pL of IL were used.

The electrochemical response of Qu

CV has been performed to investigate the response of 0.05
mM Qu in PBS (pH 4) at modified GCE and bare GCE and
the resultant voltammogram is presented in Fig. 4A. As
can be clearly seen from this figure that, in the absence of
Qu both modified and bare GCE given no response which
defines that no redox activity has been taken place on the
surface of both electrodes. While, a high redox current of
1.25 pA (Ipa) and 0.95 pA (Ipc) has been achieved with the
modified electrode at a less positive potential in compari-
son to the bare GCE in presence of 0.05 mM Qu indicat-
ing that, the fast electron transfer kinetics took place on the
surface of modified GCE which is owing to the high cata-
lytic property and large surface area of the Co;O, nanorods.
The oxidation of the Qu initiates in the sequential order of
five hydroxyl groups connected with 3 aromatic rings and
the resultant oxidation associated with the 3,4-dihydroxy

Bare GCE

—— 75 L

[—50 pL.
—— 25 L

-
=)
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Fig.4 A CV response of 1.5+ 164
Co;0,/GCE (black) and bare ——MGCE with analyte ——25 MGCE
GCE (red) in 0.05 mM Qu and 10 ——aoce winout st 104 73 moce
response of bare GCE (blue) = ~———MGCE without analyte Bare GCE
and Co;0,/GCE (green) in the < o5 A - i B
blank electrolyte (0.1 M PBS of z <
pH 4). (B) CV response of bare g oo E ool
and different Co;0, nanostruc- 3 S
tures modified electrodes o5 © sl
1.0 1.0
-0.2 0.0 0.2 0.4 0.6 02 0.0 02 0.4 06
Potential (V) vs. Ag/AgCl Potential (V) vs. Ag/AgCI
OH current of 1.25 pA which is 0.49, 0.39 and 0.26 pA higher
than the bare GCE and other two Co;0, modified electrodes
OH so all the other parameters were optimized on the material
which was synthesized with 25 puL of IL.
OH
Effect of pH
OH

OH o

Scheme 1 The chemical structure of quercetin

electron-donating group on ring B (which is more electro-
active and oxidize at lower potentials) shown in Scheme 1
resulting in 2 electrons and 2 protons transfer reaction [7].
The cyclic voltammograms of different Co;0, modified
GCEs and bare GCE are displayed in Fig. 4B and as can be
observed from these results, all three Co;0, modified elec-
trodes have shown excellent redox features at higher currents
(compared to the bare GCE) for 0.05 mM of Qu ensuring
their good catalytic activity. In these three modified elec-
trodes, the electrode modified with the material synthesized
with 25 puL of IL has shown a relatively higher oxidation

Fig.5 A DPV response of 0.05
mM Qu at Co;0,/GCE in 0.1 M
PBS of different pH ranges from
4-6.5 pH. B The dependency
plot of oxidation peak potential
vs. pH

84 ——pH65

Current (uA)

The pH study was carried out at Co;0,/GCE by using the
DPV method in 0.1 M PBS of various pH (from 4 to 6.5)
containing 0.05 mM Qu and the results are summarized in
Fig. 5 A. As can be observed from this figure that when the
pH increases from 4 to 6.5 the oxidation peak potential of
the 0.05 mM Qu shifted negatively and the peak current also
decreases with the gradual increase of pH showing that, in
the redox reaction of Qu not only the electrons but protons
are also involved in the reaction process. Moreover, Fig. 5B
shows the linear co-relation plot of oxidation peak potential
vs. pH and the corresponding linear equation can be stated
as Epa= — 0.061 pH+0.48 (R?=0.998).

The observed value of slope 0.061 V/pH is very near to
the theoretical value which is 0.059 V/pH. Suggesting that,
an equal number of protons and electrons are taking part in
the redox reaction of Qu [11]. The possible electrochemical
reaction mechanism is given in Scheme 2.

00 01 02

Potential (V) vs. Ag/AgCI
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—
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<
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Scheme 2 The reaction mecha-
nism of Qu on Co;0,/GCE

HO (o}
OH
OH o
Quercetin

Effect of scan rate

The effect of scan rate on the redox behavior of 0.05 mM
Qu at modified Co;0,/GCE was studied by CV in the range
of 10 mVs~! to 70 mVs~'. In Fig. 6A the results show that
as the scan rate increased gradually from 10 to 70 mVs~!
the redox current of Qu has also increased simultaneously
which indicates that the scan rate has a linear relationship
with the current of Qu. The plot of Ipa and Ipc vs. the square
root scan rate is revealed in Fig. 6B and two linear regression
equations have been achieved Ipa (uA)=1.9246 (mVs™!)
—3.5044 (R?=995) and Ipc (uA) = 1.4002 (mVs~2) —3.0180
(R?>=987) which indicates that an adsorption controlled pro-
cess is taking place on the modified electrode surface.

Analytical parameters of Qu

To investigate the sensitivity of the proposed sensor for
Quin 0.1 M PBS of pH 4, the DPV method was explored
under the optimized conditions (mentioned in the
“Experimental” section) and the results are presented in
Fig. 7A. As the concentration of Qu increased gradually
from 0.01 to 3 pM the oxidation peak current response
of Qu was also increased linearly. The relationship of

Fig.6 A CV response of 0.05
mM Quin 0.1 M PBS (pH 4)
on Co;0,/GCE at different scan
rates from 10 to 70 mV s~ .

B The linear correlation plot of
redox peak current vs. square
route of the scan rate

[——10 mVis
[——20 mVis
—230 mVis
——40 mVis
———50 mVis
——60 mVis
[——70 mVis

1.0 4

Current (unA)

0.5 4

OH

(o}
OH o
HO (o}
20"
e oH
OH o

Quercetin o-quinone

the peak current with concentration is shown in Fig. 7B
and their corresponding regression equation is stated as
Ipa=2.94544E° C (uM) +7.95248E~7 (R*=0.999).

The LOD and LOQ were calculated from the signal-
to-noise ratio (3*(S/M) for LOD and 10*(S/M) for LOQ)
and the values were come to be 0.0002 uM and 0.0007 uM
respectively. Keeping these results in view and compared
to the previously reported works shown in Table 1, we
can say that our proposed sensor has shown a spectacular
electrocatalytic performance for the determination of Qu
with a broad dynamic range of detection and a very low
LOD (0.0002 uM).

Table 1 Comparison in the analytical performance of our proposed
sensor for Qu sensing with previously reported sensors

Modified electrode LOD (nM) Linear range (uM) Ref
Fe;0,@NiO/CPE 2.18 0.08-60 [40]
MIP/MIL-101(Cr)/ 20 0.1-700 [56]
MoS,/GCE
Pd/MoS,-IL-OMC/GCE 8 0.02-10 [57]
PB-rGO/TCD/AuNPs/  1.83 0.005-0.4 [10]
GCE
ZnO/CNS/CPE 40 0.17-3.63 [7]
Co0;0,/GCE 0.2 0.01-3 This work

e
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1

Current (nA)
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Fig.7 A DPV response of
different concentrations of Qu
ranging from 0-3 pM in 0.1
PBS (pH 4) at Co;0,/GCE.

B The corresponding linear plot
of oxidation peak currents vs.
different concentrations of Qu

—0M
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Repeatability, reproducibility, selectivity
and stability

The repeatability is an important parameter for a modified
electrode sensor in sensing applications for long term detec-
tion. To evaluate this parameter on the proposed sensor we
have taken thirteen repetitive runs on the same electrode in
the presence of 0.05 mM Qu and the proposed Co;0, modi-
fied GC electrode sensor has shown marvelous stability of
the current in Qu detection with the relatively small%RSD of
1.32 % (Fig. 8A), hence we can say that our proposed sensor
can be used for long term sensing applications.

Moreover, the reproducibility of the proposed sensor was
also investigated by comparing the results of 5 separately
modified electrodes studied in 0.05 mM solution of Qu and
their%RSD of the currents was calculated. The%RSD values
of the currents obtained for different modified electrodes

T
0.30

0.0 0.5

L] ¥ T T T
033 040 1.0 15 2.0 25 3.0

Concentration (uM)

were less than 4 %. The calculated%RSD values depict that
the fabricated sensor is highly reproducible for the proposed
analyte.

The selectivity of the proposed sensor has been elucidated
in 0.05 mM Qu solution by adding 10 pL from the equimolar
concentration of different organic and inorganic interfering
analytes for example lactic acid, gallic acid, ascorbic acid,
ethanol and NaCl into the test solution (Fig. 8B, C). The
results have shown that these interfering species have a neg-
ligible effect on the anodic current response of Qu. Addition-
ally, the stability of the Co;0,/GCE sensor was investigated
by taking one run every day for 28 consecutive days and
the sensor did not show any noticeable change in the redox
response of Qu and has maintained its sensitivity of about
97%. But after the 28th day, the redox response of the sen-
sor for Qu was seemed to be much decreased. By looking
at these results thus, we can say that our proposed sensor is

Fig.8 A Thirteen repetitive
CV runs of Co;0,/GCE (on the
same electrode) in 0.05 mM
Qu, to check the repeatability
of the sensor. B and C Effect
of interfering substances on the
oxidation response of 0.05 mM
Quin 0.1 M PBS

Current (uA)

0.0 0.4

0t2
Potential (V) vs. Ag/AgcClI

4 —QR

+GA
+LA
+AA
+Nacl
+Ethanol

Current (uA)

B

&

Ipa (uA)
o
o«

0.4 4

0.0 4

0.2 0.0

0.2

Potential (V) vs. Ag/AgClI

Qu

+GA +LA +AA

interferent

04 Y +NacCl +Ethanol

@ Springer



3728

N. H.Khand et al.

Table 2 Determination of Qu in real samples of onion, honey and
green tea by using Co;0,/GCE sensor

Pharma- Added (uM) Founded RSD/% (n % recovery

ceutical (uM) =3)

samples

Onion - 0.258 0.993 -
0.1 0.360 0.985 101
0.2 0.467 1.104 102

Honey - 0.489 1 -
0.05 0.548 0.879 102
0.1 0.579 0.997 98

Greentea  — 1.15 0.985 -
0.1 1.26 1.103 101
0.2 1.40 1.218 104

just not selective for Qu, but it is highly stable too and can
be used for practical applications.

Detection of Qu in real samples

To find the practical applicability of the prepared Co;0,/
GCE sensor for the determination of Qu from honey, onion
and green tea samples, the real samples were prepared first
as described above then the appropriate amount of the
extract was diluted in 10 mL PBS (pH 4) and the measure-
ments were performed by DPV technique. The amount of Qu
in real samples was calculated to be 5.367 ug/mL in honey,
15.58 pg/g in onion and 3.473 mg/g in green tea respectively.
In order to assure the accuracy of the results, a standard
addition method has been used and the recovery results are
summarized in Table 2 which indicates that our proposed
sensor has shown accurate results for the determination of
Qu with good % recoveries.

Conclusions

In this report, IL assisted Co;O, nanostructures have been
successfully synthesized and used to fabricate a GCE for a
very selective and highly sensitive electrochemical determi-
nation of Qu in standard solutions as well as in real samples
like honey, green tea and onion. The fabricated electrode
was found highly stable, extremely sensitive and an excellent
electrochemical sensor for the detection of Qu in a broad
dynamic range of detection from 0.01 pM to 3 uM with a
very low limit of detection which is 0.0002 uM. This out-
standing performance of the electrode is due to the high
conductivity, best catalytic ability and large surface area of
Co;0, nanostructures which are the reason for the adsorp-
tion of Qu at the electrode surface. Based on our results we
can recommend that our proposed sensor is very easy, cheap,

@ Springer

highly sensitive, selective and stable that can be used for the
determination of Qu in any real application.
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