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Abstract

ITonic liquid (IL)-assisted Co;0, nanostructures were synthesized by a simple, facile and novel low-temperature aqueous
chemical growth method and used for the modification of glassy carbon electrode (GCE) for the selective determination of
ascorbic acid (AA). Different volumes of IL. were used in the preparation of nanostructures to examine the effect of IL on the
morphology and electrochemical performance of the synthesized material. The functionalities of the prepared material were
investigated by FTIR, while the crystalline nature and phase purity of the material were confirmed by XRD results. FESEM
analysis were carried out to expose the surface characteristics of the prepared nanostructures and the results demonstrated
that the cobalt oxide nanostructures possess nanorods like morphology. The EDX results verified the maximum elemental
percent composition for the cobalt and oxygen in the synthesized material. The electrochemical performance of Co;0,
nanostructures modified GCE was investigated by cyclic voltammetry (CV) and electrochemical impedance spectroscopy
(EIS). The electrochemical results demonstrated that the modified electrode shown outstanding performance in the determi-
nation of AA with a very low limit of detection (1 uM) along with higher stability and repeatability features. The novel AA
sensor manifested exceptional sensitivity and selectivity over a wide linear range of concentration from 0.05 to 3 mM with
the coefficient of determination R*=0.998. The applicability of the developed sensor was examined in the pharmaceutical
samples that contain AA and the sensor selectively detected the AA from multiple ingredients that were present in their
formulation with acceptable recovery.
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Graphic abstract

It describes the synthesis of [BMIM][PF,] IL functionalized cobalt oxide nanostructures through low-temperature aqueous
chemical growth method and the synthesized material was utilized to fabricate an electrochemical sensor (Co;0,/GCE) for

the selective determination of Ascorbic acid.
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Introduction

Ascorbic acid (AA) is an essential water-soluble vitamin,
which is present naturally in fruits (lemon, orange, tomato
and pepper), leafy vegetables and drinks. It is commonly
known as vitamin C [1]. AA is widely used in food pro-
cessing, pharmaceutical formulations, animal feed, multi-
vitamin tablets and in the cosmetic application as an anti-
oxidant [2, 3]. The dehydroascorbic acid or ascorbic acid
is the oxidized form of hexuronic acid [4]. AA is necessary
to the human diet because it possesses an important role in
metabolisms and helps in scavenging free radicals [3, 5],
improving immunity and promoting cell development [6].
AA also plays a vital role in the treatment of psychologi-
cal illness, prevention from cancer disease [7], infertility
and Acquired Immune Deficiency Syndrome (AIDS) [8].
It also helps in healing burns or injuries, forming blood
vessels, scar tissues, etc. The deficiency of AA can cause
severe diseases commonly called scurvy and cataracts [9].
Scurvy has some symptoms such as tiredness, joint pain,
muscle rashes or weakness, etc. [10]. Owing to the funda-
mental role of AA in human life as well as in industries, it
is important to develop a rapid method by which selective,
fast, accurate and sensitive determination of AA could be
possible.
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There are many reported methods for the detection of
AA including high-performance liquid chromatography
[11], colorimetric methods [12], capillary electrophoreses
[13], chemiluminescence [14], spectrophotometry [15],
fluorometry [16] and enzymatic analysis [17]. However,
these traditional methods are very costly, time-taking and
not applicable for routine applications. Especially, the
HPLC or CE methods require complex sample handling,
large instruments, trained technicians as well as expensive
reagents which may not be readily available [18-20]. There
is a strong need to develop a highly sensitive and selective
method that must be simple and suitable for onsite detection
of AA.

Electrochemical techniques have gained great attention
for the quantitative detection of AA because of its high sen-
sitivity and selectivity, easy process and low-cost features
[21-23]. Conversely, during the electrooxidation of AA and
consequent adsorption of dehydroascorbic acid on the bare
carbon-based electrode surface (glassy carbon and graphite),
the overvoltage is usually high which results in fouling of
electrode, low sensitivity, poor selectivity and reproducibil-
ity [24]. To deal with these limitations, nanomaterials are
extensively used as electrocatalysts to modify the electrodes
and to increase the analytical performance of electrochemi-
cal sensors [25, 26]. Nowadays, a variety of nanomaterials
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are being used for the modification of electrodes including
noble metals [20], polymers [27], metal oxides [28-30], car-
bon materials [31, 32] and quantum dots [24]. Among these
nanomaterials, metal oxides have attracted much attention
because of their high surface area, excellent working abil-
ity, better synthetic accessibility, wide band gapes and good
catalytic performance [33-36]. From metal oxides, NiO,
CuO, TiO,, MnOz’ or ZnO nanostructures are used along
with other electroactive materials such as graphene CNT or
conducting polymers to enhance their stability and electro-
chemical behavior [37-39]. Amongst these metal oxides,
Co;0, nanostructures have attracted scientist’s attention due
to their best electrocatalytic activity, enhanced surface area
and low-cost features [40, 41]. It is a p-type ferromagnetic
semiconducting transition metal oxide that has band gaps
of 2.10 eV and 1.60 eV correspondingly. In the Co,0, com-
pound, Co?* and Co** ion pairs coexist at the same time
in which Co* ions occupy octahedral sites and Co?" ions
occupy tetrahedral sites with oxygen ions and forming a
closely packed face-centered cubic lattice. It crystallizes in
spinal structure and this type of arrangement of ions ensures
that Co;0, has explicit surface topographies with different
polar terminations [42]. Co;0, NPs possess some outstand-
ing properties such as optical, electrical, electrochemical
and electrocatalytic, therefore, used in a large number of
potential applications in electrochemical sensors [43] super-
capacitor [44], Li-ion batteries [45], etc.

Ionic liquids (ILs) are the class of low-temperature
organic molten salts and possess a wide range of tempera-
tures. ILs can be used in catalysis [46], as an inert solvent in
electrochemistry [47] and in some chemical process, it can
be used to replace water due to their unique properties such
as high polarity, negligible vapor pressure, good dissolving
ability, tailorable structures, high thermal stability and high
ionic conductivity [48]. ILs have been used as solvents, mor-
phological templates, additives and reactants for the synthe-
sis of inorganic nanomaterial with excellent properties [49,
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50]. An important feature of using ILs in the synthesis of
nanostructures involves the growth and nucleation of nano-
particles [51]. The main focus of the present study while
utilizing IL for the synthesis of cobalt oxide nanostructures
is to effectively control the size, shape, morphology, stability
and to enhance the electrocatalytic efficiencies of prepared
Co;0, nanostructures for the fluent determination of AA. In
this study, [BMIM][PF,"] IL was utilized as a morphologi-
cal template, which composed of 1-butyle-3-methylimidazo-
lium cations and hexafluorophosphate anions. The cationic
part of the ionic liquid has high electron-accepting capa-
bilities due to the delocalized aromatic system that causes
electrostatic attraction with polar moieties of the material
and interact via n-interaction. Moreover, the single hydrogen
atom linked with the C-2 carbon atom of the imidazolium
ring possesses an acid character that may form hydrogen
bonds with oxygen or hydroxide atoms of the nanomate-
rial. It is reported that the hydrogen-bond-cobalt-n-nt-stack
mechanism is responsible for the formation of a synthesized
nanostructure framework [52]. The possible functionaliza-
tion mechanism of Co;0, nanostructures by [BMIM][PF,]
IL is given in Scheme 1.

To the best of our knowledge, based on the available lit-
erature, we can say that there is no report before on using
just Co;0, nanostructures for the selective electrochemical
sensing of AA. However, extensive work has been carried
out on using different nanomaterials for the determination
of AA that reports lower LOD and wider linear range, but
most of the reported works are based on composite materi-
als, graphene-based [24] or polymer-based nanomaterials
that are formed by utilizing expensive and toxic chemicals
which are hazardous for the environment as well.

Herein, in this work, we report the synthesis of Co;0,
nanostructures with the assistance of ionic liquid through
the aqueous chemical growth method which is almost a
greener method for the environment and generally requires
water as a reaction medium and also performed at a very
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Scheme 1 The possible functionalization mechanism of Co;0, nanostructures by [BMIM][PF,7] IL
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low temperature. The synthesized nanostructures were
utilized to fabricate an electrochemical sensor for the
selective detection of AA. Due to the prodigious catalytic
activity, large surface area and highly conductive nature
of Co;0, nanostructures, the proposed Co;0,/GCE sensor
has shown outstanding performance for the detection of
AA in chemical as well as in real pharmaceutical samples.
The overall obtained results are good and comparable with
the previously reported work.

Experimental
Reagent and solutions

AA, cobalt chloride hexahydrate and urea were purchased
from Sigma-Aldrich (UK and Sweden). 1-butyl-3-methyl
imidazolium hexafluorophosphate [BMIM]+[PF6]_ IL was
purchased from Fluka (Switzerland). All the chemicals
were of analytical grade and used without any further pre-
treatment. The phosphate buffer solution (PBS) of 0.1 M
concentration was prepared in deionized (D.I) water which
was used as a supporting electrolyte throughout the experi-
ment. The pH of the solution was maintained at 7.4 by
adjusting it with 0.1 M NaOH and HCI. The glassware
was washed with tap water and rinsed several times with
D.I. water.

Synthesis of Co;0, nanostructures

The synthesis of Co;0, nanostructures was done through
aqueous chemical growth method. It is a simple, prolific,
rapid and low-temperature approach. The main advantage
of this method is the use of water as the solvent. In this
regard, three separate solutions containing 0.1 M metal salt
(Co C1,.6H,0) 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 pLs) of IL [BMIM]*[PF¢]~ in each solution. The
amount of precursor salt and urea were kept constant in all
solutions, only the volume of IL was varied. The beakers
containing the chemical mixture were kept on magnetic stir-
ring for several minutes to homogenize the mixture. After
that, the beakers were fully wrapped with aluminum foil
and placed in a heating oven for 5 h at 90 °C for the growth
of nanostructures. As the time was completed, the formed
cobalt hydroxide precipitates were filtered through What-
man filter paper and washed many times with D.I water to
remove the rest of the impurities. The filtered material was
then dried in an oven for 30 min at about 80 °C and annealed
in an electric furnace at 500 °C for 4 h to convert cobalt
hydroxide nanostructures into pure Co;O, nanostructures.
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Modification of GCE

The GCE electrode was modified by the drop-casting
method and the solution was prepared as reported in the
literature [53]. For the modification of GCE, 10 mg of Co;0,
nanostructure powder and 50 pL of Nafion 5% was added
in 2.5 mL D.I. water and the solution was sonicated for
15 min. Before the modification, the electrode surface was
thoroughly cleaned by polishing with 0.5 um pore alumina
powder and washed with D.I. water. After that, the modifica-
tion was done by dropping 10 pL of prepared Co;0, nano-
structures solution carefully on the surface of the electrode
and the electrode was left for drying at room temperature.
The same procedure of modification was followed for all
three prepared materials.

Instrumentation and electrochemical parameters

The functional group analysis of the prepared Co;0, nano-
structures was evaluated by using Fourier-transform infrared
spectrophotometer (Thermo Nicolet 5700), the crystalline
nature and the phase recognition of Co;0, nanostructures
were done through X-ray powder diffraction (XRD) using
Phillips PW 1729 powder diffractometer and the conforma-
tion of the elemental composition of the materials was car-
ried out by energy-dispersive spectroscopy (EDS). While
the shape and surface morphological characteristic of the
synthesized material was assessed by field emission scan-
ning electron microscopy (FESEM) by using LEO 1550
Gemini worked at 20 kV. Whereas, all the electrochemical
experiments were performed on CHI 760D electrochemi-
cal workstation (USA). A proper three-electrodes contain-
ing conventional assembly was established in which Co;0,
NPs modified GCE or Co;0,NPs/GCE utilized as working
electrode along with counter electrode (platinum wire) and a
reference electrode (Ag/AgCl), respectively. The CV studies
were carried out in the potential range of — 0.8 to+0.8 V
at the scan rate of 60 mV s~ in 0.1 M PBS of 7.4 pH. The
CV current response of AA appeared at+0.2 V vs. Ag/
AgCl electrode. All the experimental measurements were
performed at room temperature.

Real sample preparation

To explore the practical applicability of the proposed sensor,
three different pharmaceutical samples namely “Calci, CaC
1000 + and Surbex Z” were purchased from local medical
stores of Jamshoro city, Sindh, Pakistan. For the preparation
of the real sample solution, initially, three tablets of CaC
1000 + were crushed in a mortar and powdered. The powder
was then dissolved in 100 mL of D.I. water followed by the
sonication for 30 min. After the sonication process, the solu-
tion was filtered twice by Whatman 42 filter paper to remove
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the impurities and get a transparent solution and then it was
used for further investigations by diluting an appropriate
amount of filtered solution into an electrolyte solution and
the measurements were carried out using CV technique to
investigate the applicability of the fabricated Co;0,/GCE
in real samples followed by calibration method. The same
procedure was followed for the preparation and analysis of
two other (Calci and Surbex Z) pharmaceutical samples.

Results and discussion
Characterization of Co;0, nanostructures

To evaluate different functionalities present in cobalt oxide
nanostructures synthesized with different volumes of ionic
liquids, the FTIR study was carried out. The wavelength of
IR was set from 400 to 2750 cm™'. The two IR bands that
appeared at 497.5 and 640.2 are the characteristic vibra-
tion modes of (Co—O) which confirm the successful fabri-
cation of spinal cobalt oxide nanostructures. While the IR
band appeared at 1643.1 is OH bending vibration of H,O
absorbed from the atmosphere. The IR bands of cobalt oxide
nanostructures synthesized with 25, 50 and 75 pL of IL are
displayed in Fig. 1. From the IR spectrum, no visible differ-
ence was observed except the intensities of IR characteristic
peaks.

The crystallinity and the phase transparency of the mate-
rial were inspected through powder X-ray diffraction (XRD)
and the obtained results of Co;0, nanostructures prepared
with different volumes of IL are shown in Fig. 2a. The peaks
located at 20 represent the crystal planes of (111), (220),
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Fig. 1 FTIR spectrum of Co;0, nanostructures prepared using differ-
ent volumes of IL (blue) 25 uL, (red) 50 pL, and (black) 75 uL.

(311), (222), (400), (511) and (440) spinal cubic phase of
Co;0, and are identical with standard JCPDS card No:
43-10003. The sharpness of the peaks indicates the high
crystalline nature of the synthesized nanostructures, while
the absence of other phase peaks demonstrates the purity
of the prepared material. The average crystalline size of
the prepared materials was calculated from the major XRD
diffraction peaks by using the Scherer equation (7= kA/(f
cos0) and it was observed to be 22.9 nm for the material
in which 25 pL volume of IL was added and 24.7 nm and
27.5 nm for the materials in which 50 and 75 pL volumes
of IL were added, respectively. Furthermore, to ensure the
elemental composition of the as-prepared materials, EDX
(energy-dispersive spectroscopy) analysis was carried out
and the results confirmed only the presence of Co and O ele-
ments in the fabricated material as given in Fig. 2b. The total
weight percentage of cobalt and oxygen elements were found
67.7% and 31.4% in the material that was prepared with 25
pL of IL; and 67.9%, 31.3% for the material which contains
50 pL of IL and 69.8%, 31.1% for the material which was
synthesized with 75 pL of IL, respectively.

The structural characteristics or shape of the prepared
Co;0, nanostructures and the effect of IL on the morphol-
ogy of prepared Co;0, nanostructures were studied through
FESEM analysis. Figure 3a—f contains different high- and
low-resolution images of the materials in which different
volumes of IL have been used. In Fig. 2a, b are the images
of that material in which 25 pL of IL were utilized while c,
d and e, f are the images of the materials in which 50 and 75
uLs of IL were added, respectively. These images are show-
ing that the prepared material is in nano-rod-like shape and
all three materials are showing almost identical shape which
indicates that the higher volumes of IL did not significantly
affect the shape of the prepared material.

Electrochemical characterization of bare
and modified electrodes

Electrochemical characterization was carried out using EIS
and CV technique in 5 mM [Fe (CN)6]_3/ ~4and 0.1 M KCl1
solution used as redox probe to manifest the interfacial char-
acteristics of bare and modified electrodes. EIS is a powerful
method to investigate the electron transfer ability or electron
transfer resistance (Rct) properties of various chemically
modified electrodes. In EIS, the semicircle part in the high-
frequency region corresponds to the electron transfer activity
and the diameter of that semicircle is directly proportional
to the Rct value of different electrodes, meanwhile, in the
low-frequency region, the linear part corresponds to the dif-
fusion process [54, 55]. The Rct value of bare and different
modified electrodes was obtained through fitting Randles
equivalent electric circuit diagram: Rs CPE(Rct-Zw) and the
resultant Nyquist plot of bare and different Co;0, modified

* @ Springer
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Fig.2 a XRD patterns of Co;0, nanostructures synthesized with 25 uL (black), 50 puL (red) and 75 pL (blue) volumes of IL. b Shows the EDX

results of synthesized nanostructures prepared with variant amounts of IL

GCEs is shown in Fig. 4a. The largest semicircle diameter
and highest Rct value were obtained at bare GCE (1475 Q)
indicating that bare GCE has less conductivity and very poor
electron transfer efficiency. However, with different Co;0,
modified electrodes, the smallest semicircle diameter and
lowest Rct value (202.7 2) was obtained with the material in
which 25 pL of IL was utilized, indicating that this material
has high electron transferring efficiency and providing more
active surface area which might be due to the small size of
the particles as compared to the other two materials that
have the Rct values of 356 Q and 568.4 Q (for 50 and 75 pL
IL), respectively. The active surface area of bare and modi-
fied electrodes was determined by Randles—Sev&ik equation:

% @ Springer

“Ip(pA) =2.69x 10°xn*?> AD2 v'2 C”. The active surface
area for bare GCE was observed to be 6.12 mm?, while for
the modified electrodes, it was calculated to be 9.76, 8.45
and 7.24 mm? for the materials in which 25, 50 and 75 pLs
of IL were used.

Figure 4b displays the CV response of various Co;0,
modified GCEs and bare GCE obtained in 5 mM |[Fe
(CN)6]_3/ ~*and 0.1 M KCl redox probe solution. As can be
seen from the voltammogram, that as compared to the bare
GCE and other two Co;0, modified GCEs (in which 50, 75
uL of IL were used) a well-resolved peak with high redox
peak current was obtained from Co;0, prepared with 25 uL
volume of IL.
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Fig.3 Low- and high-resolution FESEM images of Co,0, nanostructures that were prepared with 25 pL (a, b), 50 pL (c, d) and 75 pL (e, f)
volumes of IL
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Electrochemical behavior of AA on bare
and different modified electrodes

To check the electrochemical response of the Co;0,/GCE
sensor towards the oxidation of AA, the CV technique was
used. Figure 5a shows the cyclic voltammogram of bare and
modified GCE in the presence and absence of 0.1 mM AA
in 0.1 M PBS of pH 7.4. As can be seen from the voltam-
mogram that in the absence of AA, both modified and bare
GCEs exhibited no response which means that no redox
activity was taken place on the electrode surfaces. Mean-
while, as compared to the bare GCE, a high oxidation peak
current at about+0.2 V was observed with modified Co;0,/
GCE in the presence of AA, indicating the fast electron
transfer rate on the modified electrode surface. It can also

754 ——MGCE in analyte
———BGCE in analyte
——BGCE in blank
~———MGCE in blank

50 4

254 A

Current (nA)

-

Current (nA)

be noticed that the potential also shifted towards the less
positive value on modified electrode response which reveals
the less over potential as compared to the bare electrode. The
electrochemical oxidation reaction of AA involved two-elec-
tron and two proton process. The possible oxidation reaction
mechanism AA is illustrated in Scheme 2.

Figure 5b displays the CV response voltammogram of dif-
ferent Co;0,/GCEs towards AA oxidation. The figure shows
that, amongst the Co;0, nanostructures prepared with vari-
ant volumes of IL, the nanostructures prepared with 25 pL of
IL have shown slightly higher oxidation current and a sharp
peak as compared to the other two nanostructures (which
have shown slightly lower oxidation current response) that
might be due to the small size of the nanostructures that
were prepared with 25 pL of IL. The variation in the size of
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Fig.5 a CV response of Co;0,/GCE (black and orange line) and bare GCE (red and blue line) in presence and absence of 0.1 mM AA in 0.1 M
PBS of pH 7.4 b CV response of different Co;0,/GCEs recorded in presence of 1 mM AA
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Scheme 2 The possible oxidation reaction mechanism of AA at Co;0,/GCE sensor

the nanostructures by varying the volumes of IL is leading
to the fact that ILs are well known for their high stabilizing
characteristic and used in the synthesis of nanomaterials for
the nucleation and growth of nanoparticles. By increasing
the volume of IL, the size of the particles decreased very
much and because of their magnetic property, they agglom-
erated quickly which influence the overall performance and
catalytic efficiency of the Co;0, nanostructures. We have
taken several runs of each modified electrode to ensure the
stability and good catalytic ability of individual material
toward AA oxidation and every time the mentioned material
shown the best results. Thus, all the other parameters were
optimized on this material.

Effect of supporting electrolyte and pH
To check the effect of electrolytes on AA oxidation peak

current, different buffer solutions were used as supporting
electrolytes such as borate buffer (pH-10), NaOH (pH-12)

60 -
——BB pH(8)

50 4 NaOH pH(12)
——PBS pH(7.4)

"y A

Current (nA)

-0.8 -0.4 ) 070 ) 0f4 ) 0.8
Potential (V) vs. Ag/AgCI

and phosphate buffer (pH 7.4). Figure 6a displays the CV
response of AA oxidation in these electrolytic solutions.
As can be seen from the Figure that a sharp and well-
resolved peak has appeared in the phosphate buffer as
compared to the NaOH and borate buffers. Therefore, the
phosphate buffer was chosen as a supporting electrolyte
for the sensitive determination of AA. Moreover, the pH
of the supporting electrolyte has also a great influence on
the oxidation response of AA. Thus, the fabricated elec-
trode was tested in 0.1 M PBS of various pH ranges from
5-8 in the presence of 1 mM AA. As, it can be seen from
Fig. 6b that the oxidation peak current of AA has a high
dependency on pH. As the pH of the supporting electro-
lyte increases, the oxidation peak current of AA has also
increased and reached the maximum at a pH of 7.4 and
then, a sudden decrease can be seen in the peak current
when pH increased to 8. Meanwhile, the peak potential of
AA oxidation can also be observed to slightly shift nega-
tively with the increased pH which indicates that proton
involving reaction is taking place at Co;0,/GCE surface.

Current (pA)

-0.8 -OI.4 0?0 0j4 0.8
Potential (V) vs. Ag/AgCI

Fig. 6 a Effect of different supporting electrolytes of various pH values on Ipa of 1 mM AA, b CV response of Co;0,/GCE against 0.1 mM AA

in 0.1 M PBS of different pH ranges from 5-8

=

’r @ Springer



464

Journal of Nanostructure in Chemistry (2021) 11:455-468

154 14 -
—10 mV/s Equation y=a+
20 mV/s Adj. R-Sq 0.9981
—30 mV/s Value  Standard
104 — 40 mvis 129 |curent intorce 18563 122500E
—50 mV/s Cument Slope 11363 165401E
- ——60 mVis
L~ 4 70 mV/s -~ 104
< 51 —somvis -1
€ ——90 mVis A = B
o 100 mV/s 5
3 £ 8-
O 04 8
6 -
54
1 1 4 1

08 04 00 04 08
Potential (V) vs. Ag/AgCI

ST P ——————
3 4 5 6 7 8 9 10 11
Scan rate (%)
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relation plot of oxidation peak current vs. square root of scan rate with R>=0.998

Effect of scan rate

The effect of scan rate (from 10 to 100 mV s™") on the anodic
oxidation current response of 0.1 mM AA has shown in
Fig. 7a. As can be seen from this Figure that, as the scan rate
increases the Ipa of AA has also increased simultaneously
which indicates that there is a direct relationship between
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the oxidation peak current and the scan rate. The plot of
oxidation peak current vs. square root of scan rate is shown
in Fig. 7b and the results demonstrated that a diffusion-con-
trolled reaction taken place on the modified electrode surface
with a regression coefficient of R?=0.998.
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Fig. 8 a and b Effect of interfering substances/species on the Ipa response of 0.1 mM AA in 0.1 M PBS (pH 7.4) and (c) repeatability of the sen-
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Selectivity, repeatability and stability

Selectivity or specificity is considered an important fea-
ture for modified electrodes. The anti-interference ability
of fabricated Co;0,/GCE sensor was tested in 1 mM AA
solution when 10 pL of each of interfering specie (of same
molar concentration) such as glucose, urea, ethanol, lactic
acid, KCl, NaCl and uric acid was added in the test solution.
Figure 8a, b displays the selectivity results of Co;0,/GCE
towards AA and as it can be seen from the figure that the
interfering species cause a negligible effect on the oxida-
tion peak current of AA which proves the selectivity of the
proposed sensor applicable for real sample analysis. Fig-
ure 8c elucidates the repeatability results of the proposed
Co0;0,/GCE sensor in 0.1 M PBS containing 1 mM AA.
For repetitive use, the sensor’s response must be stable (give
the same response) to many runs. To ensure this parameter,
we have taken eight repeated runs on a single Co;0,/GCE
and it exhibited excellent repeatability of the results for AA
sensing which proves that the proposed sensor can be used
for long-term sensing applications. Meanwhile, to make
the developed sensor more reliable for long-term use, we
have also investigated the stability of the Co;0,/GCE sen-
sor by taking one run each day for 25 consecutive days. By
doing so, no noticeable change in the Ipa response of AA
was found and the sensor maintained its sensitivity of about
96.7%. But after the 25th day, the Ipa response of AA was
observed to be decreased. Thus, the overall performance of
the Co;0,/GCE sensor for 25 days was extremely good.

Analytical parameters of AA

Figure 9a represents the CV response of Co;0,/GCE at vari-
ous concentrations of AA ranging from 0.05 to 3 mM and

as it can be observed from the voltammogram that as the
concentration of AA increased from 0.05 to 3 mM, the oxi-
dation current response has also increased linearly. Figure 9b
reveals the linear correlation of current response vs. various
concentrations of AA with a determination coefficient of
R?>=0.998. The limit of detection (LOD) and limit of quan-
tification (LOQ) for the proposed sensor were calculated to
be 0.001 mM and 0.004 mM by the given formula:

Formula for LOD = 3 x 5D/, . 1
and
Formula for LOQ = 10 x SD/M, 2)

Table 1 Comparison in the analytical performance of our fabricated
Co;0,/GCE sensor for Qu sensing with previously reported various
sensors

Modified electrode LOD (uM) Linear Range (uM) References
C0304-CuNi/RGO/ 0.34 2.5-100 [56]
GCE
GO/CdTe QDs/GCE 6.1 32.3-500 [24]
HAP-ZnO-PdNPs/ 0.019 0.12-55.36 [3]
CPE
CuS@PB/GCE 0.24 5-3875 [57]
AgNPs/PVP/GCE 0.047 0.2-1200 [58]
Graphene flowers/ 73.52 45-1489 [59]
CFE/GCE
rGO-CNT/ITO 5.31 10-200 [60]
PdAu@RGO/GCE 12.5 12.5-700 [61]
Co;0,/GCE 1 50-3000 This work
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Table 2 Determination of AA
in real pharmaceutical samples

using Co;0,/GCE sensor

Pharmaceutical samples Mentioned amount Found mg/tab ~ RSD (n=4) % Recovery
mg/tab (mg) (mg)

CaC 1000 + tablets 500 516.9 2.8 103

Calci sachets 500 506.3 1.79 101

Surbex Z capsules 500 530.4 2.72 106

where SD is the standard deviation of 6 runs measured in
blank and M is the obtained slope of the calibration curve.

A comparison of our present work with previously
reported studies for the electrochemical sensing of AA
is given in Table 1. It can be seen from the table that
the overall performance of our fabricated Co;0,-based
GCE sensor is comparable or much better than the other
reported sensors in the sense of wide detection range,
low LOD, easy preparation, low-cost abilities and by just
utilizing single metal oxide rather than other composite
materials. Therefore, we can say that the Co;0,/GCE sen-
sor could be a promising candidate for AA determination.

Analytical application

To examine the applicability of the fabricated Co;0,/GCE
sensor in practical application, three different pharmaceuti-
cal products containing AA (vitamin C) (i) CaC 1000 +,
(i1) Calci and (iii) Surbex Z were tested by calibration
method [41]. The determined results are shown in Table 2.
The acceptable percent recoveries and lower values of the
relative standard deviation of real samples showing that the
Co;0,/GCE sensor can be effectively used for AA detection
in real samples.

Conclusion

In summary, the synthesis of IL-assisted Co;0, nanostruc-
tures was carried out by a simple and facile low-temperature
aqueous chemical growth procedure. The novel synthesized
nanostructures were used for the modification of GCE to
enhance the electrochemical performance of the electrode.
The fabricated Co;0,/GCE sensor was used for the selec-
tive determination of AA in 0.1 M PBS of pH 7.4 and the
developed sensor has shown an excellent response towards
the oxidation of AA at the potential of about+0.2 V over a
concentration ranging from 0.05 to 3 mM with LOD (1 pM)
and LOQ (4 pM), respectively. The proposed sensor mani-
fested high stability, enhanced sensitivity and selectivity
during chemical measurements that witnessed the practical
applicability of Co;0,/GCE for the effective determination
of AA in real samples.
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