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In this present work, a cubic ZnFe>Os NPs was prepared using facile hydrothermal method. The as-
prepared ZnFe>O4 NPs capably employed for the detection of anti-inflammatory drug Nimesulide (NS)
with the surface modification on the glassy carbon electrode (GCE). The physicochemical properties of
as-prepared ZnFe>O4 NPs were characterized by XRD, FTIR, FESEM, HR-TEM, and XPS analysis. The
electrocatalytic efficiency was investigated through EIS, CV, and DPV electroanalytical techniques. The
obtained electroanalysis result demonstrated excellent electrocatalytic activity towards the detection of
NS. The constructed ZnFe>O4 NPs modified electrode achieved a good linear ranging from 0.001 to 166
UM with a detection limit of 0.006 uM. The calculated analytical sensitivity of the sensor was 0.625 pA
UMt cm2. Moreover, the modified electrode delivers good storage stability, reproducibility and
repeatability. Evidently, the proposed sensor manifests the determination of NS in human urine samples
and nimesulide tablets for practical applications.
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1. INTRODUCTION

Nimesulide (4-nitro-2-phenoxymethanesulfonanilide) contains a nitroaromatic ring and
commonly used as a non-steroidal anti-inflammatory (NSAID) drug, which was selectively used for
stopping the prostaglandin production [1]. As compared to NS, the efficacy of NSAIDs such as
diclofenac, ibuprofen, and piroxicam possess lower medicinal value. Due to its less acidic (pKa value=
6.5) nature, which is potentially helpful to reduce gastrointestinal ulcers by ignoring H* ions diffusion
behind for tissue damage[2]. Furthermore, NS has antipyretic and analgesic properties, which applied in
the treatment of rheumatoid arthritis, prostatovesiculitis, osteoarthritis disorder [3][4]. Subsequently,
NS largely appears as an ecological contaminant in hospital effluent and local sewage water. The
contaminant level of NS was found to be 9.731 pg L ™! in the wastewater treatment unit, that was reported
by Papageorgiou et al research group [5]. Therefore, the regular monitoning amd detection of NS in the
environmental ecosysten is an important concern. Researchers are urged to develop a novel, simple and
economical sensors with high consistency and sensitivity for the detection of NS. Some past literature
studies suggest that the NS determination has been utilized including chromatography HPLC, UV, thin-
layer chromatographic technique (TLC), infrared (IR) spectrophotometry, capillary zone electrophoresis
(CZE), and micellar electrokinetic capillary chromatography (MEKC) [6][7][8]. These conventional
methods have some disadvantages. These aforementioned methods have complex analysis measures,
time-consuming, trained person need for experimental operation, low sensitivity toward the detection of
analyte and involve with high-cost instruments. Under other condition, Cyclic voltammetry offers robust
analytical techniques with benefits of instrumental simplicity, low cost and transferability. Subsequently,
most electro-analytic techniques are selective to the determination of analyte and accomplished with
high sensitivity, fast measurements over a wide linear range [9-13], which involves simple sample
preparation method and specified the fact that NS is electroactive. The electrochemical methods are best
known as viable and better alternatives for the determination of NS when compared to the other methods.

Metal oxide nanomaterials have been widely studied as a sensing platforms due to their improved
analytical fulfilment. Especially, MFe,O4 (metal ferrites), here M could be Zn [14], Cu [15], Co[16] and
Mn [17] as these are widespread magnetic materials applied in sensors, analytical application,
biomedicine and drug delivery system. The spinel ferrites (MFe2O4) are prepared by using sol-gel [18],
co-precipitation [19], ball milling method [20], solvothermal reflux and hydrothermal method [21].
ZnFe;04 is one of the most important ferrite binary oxides with the ferromagnetic property. The quality
of the spinel ferrite depends on the preparation and sinter condition. Because of biocompatibility, low
toxicity electrical properties and high adsorption abilities of zinc ferrite nanoparticles, it has been
extensively used in the electrochemical sensor and biosensor field [22-26]. For an instance, Lv et al.,
[27] reported the Sb doped ZnFe,O4 macroporous sphere nanoparticles modified electrode used for
sensing the N-butanol through the gas sensor. Neravathu et al., [28] demonstrated that ZnFe>O4/a-Fe203
implanted graphene nanocomposite used for detection of glucose. Zheng et al., [29] confirmed that
ZnFe;04/Zn0 gas sensor senses trimethylamine sensing with excellent selectivity and high response.
Huang et al., [30] started to synthesize the optimized ordered mesoporous ZnFe>04 via the facile nano
casting method. The synthesized electrode shows a wide linear range and fast response to dopamine
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oxidation. Ning et a.,| [31] established a graphene sheet supported Pd and ZnFe,O4 modified electrode
used to detect hydrogen peroxide sensor.

This work aimed to characterize the surface feature of the ZnFe>O4 nanoparticles (denoted as
ZnFe;04 NPs) and to determine the electrocatalytic activity of the ZnFe>Os NPs modified GCE. was
used for voltammetric sensing of NS. The ZnFe>O4 NPs characterized by XRD, FTIR, XPS, FESEM,
and HRTEM. The as-synthesized ZnFe,O4 NPs modified glassy carbon employed for building an
electrode for the analysis of NS in biological and pharmaceutical samples. This is the first report for the
detection of NS through the electrochemical sensor using ZnFe>O4 NPs. Also, ZnFe;O4 NPs has been
used for real-time monitoring of NS tablet and human urine sample investigated.

2. MATERIAL AND METHODS

2.1 Chemicals

The analytical grade of Zinc chloride hexahydrate ZnCl..6H20, Ferric chloride hexahydrate
FeCls.6H20 and ethylene glycol (99% pure) was purchased from Sigma Aldrich. Sodium dihydrogen
phosphate monohydrate (NaH2PO..H20), sodium phosphate dibasic anhydrous (Na:HPOs),
hydrochloric acid, NaOH were purchased from Sigma Aldrich chemical reagent Co. (MO, USA). All
reagent were of analytical grade and used without further purification.

2.2 Hydrothermal synthesis of the ZnFe>O4 nanopatrticle

The pristine ZnFe>O4 NPs was prepared by a hydrothermal route using the previously reported
metheod with some modification [32]. Initially, the precursor solution of zinc chloride 0.5 M (0.6 g) and
ferric chloride 0.05 M (0.13 g) was dissolved in 20 mL deionized water separately. Afterwards, each
solution was mixed one by one under continuous magnetic stirring condition. Then 5 mL of ethylene
glycol and 5 mL of sodium acetate was mixed into the above solution. After added ethylene glycol the
brown colour colloidal suspension was formed and stirring continued for half an hour until the
homogeneous solution formed. Then the obtained homogeneous solution was transferred into a Teflon-
lined stainless steel autoclave with a capacity of about 50 mL. The autoclave was sealed and maintained
at 180 °C for 12 h after cooled at ambient temperature. Finally, the obtained brown precipitate was
washed and centrifuged many times using DI water and ethanol then dried in an oven at 50 °C for 24 h.
The synthesis and fabrication of the ZnFe>O4 NPs were depicted as shown in Scheme 1.
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Scheme 1. The schematic diagram for the synthesis procedure and fabrication of the ZnFe>O4 NPs and
their electrochemical mechanism.

2.3 Characterization and instrumentation

The crystallographic structure of the pristine ZnFe,O4 NPs was identified by powder X-ray
diffraction (PXRD) using radiation from a Cu Ka target (\= 0.1541 nm) at a scan rate of 2° min%. The
morphology and size of the ZnFe,O4 nanoparticle were characterized using field emission scanning
electron microscopy (FESEM, quanta 250, FEG, Hitachi, Japan operated at 15 kV) and High-resolution
transmission electron microscopy ((HRTEM, JEOL 2100F) techniques. The existing functional groups
examined by Fourier Transform - Infrared spectroscopy (JASCO, CHI 1000C, FT-IR-6600
spectrometer). The X-ray photoelectron spectroscopy (XPS, Thermo ESCALAB 250) were performed
by using Thermo ESCLAB 250 instrument. Electrochemical chemical measurements were performed
with electrochemical impedance spectroscopy (EIS-IM6ex ZAHNER (Kronach, Germany), cyclic
voltammetry (CV-CHInstrment-1205B) and differential pulse voltammetry (DPV) (CH Instrument
750A). The conventional three-electrode system performed on glassy carbon electrode as a working
electrode (GCE surface area = 0.071cm?), platinum wire (0.5 mm diameter) as a counter electrode and
Ag/AgCI (saturated 3.0 M KCI) electrode as a reference electrode.

2.4 Fabrication of ZnFe204 NPs modified GCE

Initially, the blank surface of the glassy carbon electrode (GCE) was polishing with the help of
0.05 uM alumina slurry, polishing pad, water and ethanol. Then GCE was dried at ambient temperature
for further uses. The 5 mg of ZnFe>Os NPs were dispersed in 1 mL of Millipore Q-water, then an
ultrasonic agitation 30 mins to make a dispersion. Thus, obtained dispersion at 6 pL (optimized
concentration) homogeneously dropped cast onto the mirror surface of the GCE and dried at 50 °C hot
air oven. The acquired ZnFe,O4 NPs modified GCE was employed for further electrochemical analysis.
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3. RESULT AND DISCUSSION

The crystallinity nature of the as-prepared pristine ZnFe.O4 NPs was confirmed by the x-ray
diffraction pattern. Fig. 1(A) shows the peak at 26 values of 18.1°, 29.9°, 35.2°, 36.8°, 42.8°, 53.1°, 56.6°
and 73.5° respectively, which are attributed to the corresponding planes (111), (220), (311), (400), (422),
(511), (440), (620) and (533) of the ZnFe204 in the cubic structure with Fd-3m space group and JCPDS
01-082-1042 confirm the formation of the ZnFe2O4 pure phase [32]. No additional peak was found in
ZnFe;04 NPs indicating high purity and high crystallinity. The average crystallite size was calculated
by applying high intensity of ZnFe>O4 NPs diffraction peak using Scherrer’s formula

D = (KL)/Bcos 6 1)

Where K indicates the geometry dependent constant on the unit cell which is 0.9, the value of D
is the crystalize size, A is the wavelength of radiated X-ray (in A), 0 corresponding to the Bragg
diffraction angle, P is full width at half maximum after correction for instrument error (in radian). The
Scherrer formula derived the calculated average crystallite size is 9.64 nm. Fourier transform infrared
spectroscopy (FT-IR) is a crucial tool used to characterize different branches of singular resonant
vibration mode of molecules. It can reveal those constituting elements and their bonding arrangement.
Besides, it enables in-situ analysis of interfaces to investigate the surface adsorption of the functional
groups on the nanoparticle. Fig. 1(B) portrays the FT-IR spectrum of the ZnFe>O4 NPs in the range of
4000-400 cm™. The FT-IR spectrum was revealed mainly in two broad regions, the first one is metal
oxide lattice vibration occurred at higher energy region and lower energy region has the organic
functional group. The as-prepared ZnFe,O4 NPs shows a transmittance band at higher energy 543 cm™.
which is corresponds to the intrinsic stretching vibration of the metal tetrahedral (Zn-O) site [32].
Moreover, metal octahedral stretching vibration has displayed at lower energy 435 cm™. The peak bands
at 1081 cm™ and 2925 cm™ are attributed to the stretching of the ether groups and absorption of alkyl
(R-CHy>) stretching modes that appeared on the surface of the ZnFe>O4 NPs. In addition, the rational
absorption peak at 1650 cm™ and 3432 cm™ are characteristics of the O-H stretching mode of absorbed
water molecules on the surface of the prepared nanoparticle [32,33]. The above all corresponding peaks
are confirmed that as prepared ZnFe>O4 NPs and presence of ethylene glycol on the surface.
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Figure 1. (A) The XRD pattern of the pristine ZnFe2O4 NPs, (B) FT-IR spectrum of the ZnFe,O4 NPs.
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Figure 2. (A) Full XPS spectrum of ZnFe>O4 NPs. (B-D) The high-resolution XPS spectra of Zn 2p, Fe

2p, O 1s at ZnFe204 NPs.

The photoelectron spectrum has reproduced the electronic structure of an element quite
accurately [34]. The identification of elemental composition and oxidation states of the ZnFe>O4 NPs
were scrutinized by X-ray photoelectron spectroscopy (XPS) analysis. Fig 2(a) shows the overall survey
spectrum of Zn, Fe, O elements that existed in the ZnFe2O4 NPs. Fig. 2(b-d) displays Zn-2p, Fe-2p, O-

1s spectra of the ZnFe2O4 NPs respectively.
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Figure 3. (A-C) FE-SEM images of the ZnFe>O4 NPs, (D-1) HR-TEM images of the ZnFe>O4 NPs.

The two main peaks of Zn 2psz;2 and Zn 2py. are observed at the binding energy of 1022.7 eV,
and 1045.8 eV respectively [35], as shown in Fig. 2(b). The obtained binding energy values revealed
that Zn exists mainly in the +2-oxidation state of the as-prepared ZnFe>O4 NPs. Four signals emerged in
the high-resolution spectrum of Fe 2p as displayed in Fig. 2(C). The main peaks of Fe 2pz; and Fe 2p1s
binding energy are located at 711 eV, 713 eV and 725.3 eV respectively. These values are confirmed
that the oxidation state of Fe?* and Fe®* featured in the octahedral and tetrahedral site of the prepared
product. Also, the binding energy value of 719.2 eV and 733.2 eV were ascribed to their satellite peaks
[36-38]. The O-1s spectra (Fig. 2D) displays a significant peak at 529.3 eV, 530.3 eV and 531.3 eV for
lattice oxygen connected with Zn and Fe (represent as Zn-O and Fe-O) respectively. From the XPS
results, we confirm that all elements are present in the ZnFe>Os NPs [39].
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The ZnFe>O4 NPs was synthesized through the hydrothermal route. The crystalline morphology
and shape of the ZnFe>O4 NPs were confirmed by FE-SEM analysis. As shown in Fig. 3(A-C), the two
different magnification of ZnFe»Os NPs clearly illustrates that the uniform dispersed spherical
morphology. Especially, the particle size and cubic structure of the nanoparticle were caused by the
synthesis method. The obtained ZnFe>O4 NPs has cubical morphology with average particle size in the
ranges of 10-60 nm. The hydrothermal route synthesized nanoparticle was exhibited feature structures
with higher crystallinity, large surface area and good electrocatalytic activity. Each of these significant
properties needs to enhance the electron transfer rate for sensing application [39]. Further, the analysis
of HR-TEM of as-prepared ZnFe;O4 NPs with different magnification views were shown in Fig. 3(D-
H). The prepared ZnFe>O4 NPs were nearly cubical and uniformly distributed. The average size diameter
of the single ZnFe.O4 NPs was found in the range of 10 nm (< 5 nm). The as-prepared ZnFe>,O4 NPs
displayed a clear interplanar distance of 0.486 nm and 0.487 nm, corresponding to the (111) crystal plane
(Fig. 31) of the cubic structure of the synthesized nanoparticle [38].

3.2. Electrochemical characterization of ZnFe,O4 NPs modified GCE

EIS is the specific tool to investigate the charge transfer resistance and kinetics mechanism
between constructed ZnFe>Os NPs electrode and electrolyte interface. Since the EIS instrument was
active to display and examine the impedance changes at the electrode-electrolyte interfacial region. This
experiment was carried out in 0.1 M KCI containing a stoichiometric ratio of 5 mM [Fe(CN)e]*>"* system
at a frequency range from 1 kHz to 200 mHz and the outcomes were obtained in the form of a Nyquist
plot. Fig. 4A demonstrates the EIS spectra of an unfabricated electrode and constructed ZnFe>O4 NPs
electrode. According to the Nyquist plot, it consists of two segments, where Z was denoted as a real part
and Z’ was considered as an imaginary part of the impedance. As shown in the plot, the semicircular
segment at higher frequency was manifested as charge transfer resistance and the linear segment at lower
frequency was denoted as diffusion region. Fig. 4A inset designates the facile electrochemical interface
of the Randles circuit model. Where Rs denotes active electrolyte resistance, Cai denotes double-layer
capacitance, Zw denotes Warburg diffusion coefficient and R¢t denotes charge transfer resistance. The
measured Rc: values at the semicircular curve of bare GCE and constructed ZnFe2O4 NPs are 136 Q and
3720 Q respectively. The constructed ZnFe,Os NPs was depicted 27.35-fold higher charge transfer
resistance than bare GCE, which confirms the successful construction of ZnFe>O4 NPs on GCE. The
aforementioned results concluded that the ZnFe>Os NPs/GCE exhibits a higher R¢t value owing to four
following reasons: (i) The interaction between cations and anions (Fe3*, Zn?* and O? anion); (ii) The
interaction between the spin-polarized electrons of Fe** and conductive electrons; (iii) Interaction
between metal ions and metal oxide; (iv) The poor electrical conductivity of ZnFe,Os NPs [40-42].
Moreover, the above-mentioned causes were the fabricated ZnFe,Os NPs electrode manifested higher
charge transfer resistance than bare GCE.
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3.3. Electrochemical reduction behaviour of towards Nimesulide

The cyclic voltammetry (CV) was primarily attained to conform to the electrocatalytic detection
performance of fabricated electrodes in the presence of NS. This experiment was carried out in N2 purged
0.1 M PBS (pH-7) with 100 uM of NS and scan amplitude, potential windows followed by 50 mV/s, 0.2
to-0.8 V.
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Figure 4. (A) EIS Nyquist curve for bare GCE and ZnFe2O4 NPs/GCE (inset: Randles equivalent circuit
model). (B) CVs response of bare GCE and ZnFe204 NPs/GCE in the presence of 100 uM of NS
in 0.1 M of PBS (pH-7) solution with a scan rate at 50 mV/s and (C) Corresponding bar diagram
of bare GCE, ZnFe>O4 NPs/GCE.

Moreover, the outcome of this experiment, bare GCE shows a very feeble reduction current at -
4.6 pA with the corresponding reduction peak potential at -0.66 V, owing to the inability to catalyze the
redox reaction of NS and the predominant oxidation peaks are non-insurable. Further, the fabricated
ZnFe>04 NPs/GCE exhibits cathodic current at -6.75 JA with a corresponding cathodic potential value
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at -0.59 V and a small anodic current appeared at 1 pA with corresponding peak potential at 0.07 V
shows in Fig. 4B.
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Scheme 2. Electrocatalytic reduction mechanism of NS.

From this result, the fabricated ZnFe>Os NPS/GCE exhibit an incredible electrocatalytic
performance, a high reduction peak current and it exhibit excellent electrocatalytic ability towards NS,
owing to the electrocatalytic irreversible reaction of NS containing nitro group (-NO2) was directly
reduced to form hydroxyl-1-nimesulide (-NHOH) in the 1% step. Here, the reduction mechanism
involved 4-electron and 4-protons. In furtherly, the reversible mechanism has occurred in the hydroxyl-
1-nimesulide ((-NHOH) was converted into nitroso Nimesulide. This electrochemical reduction
mechanism of NS was illustrated in Scheme 2. Moreover, the corresponding bar diagram for bare GCE
and fabricated ZnFe.O4 NPs electrodes was exposed in Fig. 4C. This result demonstrated that the
constructed ZnFe>O4 NPs exhibit an efficient capability to sense NS and a complete electrochemical
reduction mechanism occurred in NS. Furthermore, other electrochemical parameters also influence the
electrochemical activity of NS such as the effect of different pH, the effect of analyte addition, and
change in scan rate are discussed below.
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3.4. Influence of different pH

The electrochemical reduction of NS affecting one of the leading factors was different pH.
Besides, necessary to study the protonation and deprotonation mechanism of the newly constructed
ZnFe>04 sensor towards NS. This study was conducted via a CV experiment in 100 uM of NS with the
pH solution was changed from 3 to 11 (pH 3, 5, 7, 9 and 11) was shown in Fig. 5A. As a result, in pH to
3 to 7, the potential was a shift toward negatively and the current correspondingly increased.
Consequently, the electrochemical reduction of NS was converted into hydroxylamine group (NHOH)
in 1% step of stable reduction was happened. Subsequently, in pH 9 and 11 the potential shift was towards
negatively and the current was reduced. This is owing to the complete utilization of hydroxylamine,
further converted into the nitroso amine in the 2" step irreversible process was happened. Besides, the
protonation and deprotonation equally arisen for this reduction mechanism of NS. Finally, the
maximized sensitive current (-6.08 pA) was observed in the pH-7 solution. The number of electrons and
protons that are equal participants in the electrochemical reactions, were calculated from the Nernst
equation [43].

dEpc / dpH = -2.303mRT/nF (2)

As a result, to obtained slope value was 53 mV/pH (m/n) more or less equal to the theoretical
value 59 mV/pH (m/n). This indicates an equal number of electron and protons have participated in this
reaction was illustrated in scheme-2. A corresponding linear diagram of different pH vs current vs
potential was shown in Fig. 5B. The relative static equation of potential vs different pH was exhibit Epc
= -0.053x - 0.372 and relative correlation co-efficient R?> = 0. 968. This indicates an increased pH the
potential shift was increased linearly. It concludes that the pH-7 solution was finest for the further all
electrochemical reduction process and conversion of NS into hydroxylamine was a more stable product
and the electrochemical reduction of NS affecting one of the promising factors was a change in pH.
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Figure 5. (A) CV response of ZnFe,O4 NPs/GCE at a sweep rate at 50 mV/s in various PBS solution pH
(3,5,7,9 and 11) with 100 uM of NS. (B) Corresponding linear diagram of different pH. vs current
(HA) vs potential (V). (C) CV performance of ZnFe2O4 NPs/GCE with the addition of NS (75—
175 uM) in 0.1 M PBS solution with scan rate at 50 mV/s (D) Corresponding, calibration curve
between the concentration of an analyte (NS) vs cathodic current (LA).
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3.5. Influence of NS concentration

The electrochemical activity of NS over the fabricated ZnFe>O4 NPs/GCE carry out in a CV, the
NS concentration was changed from 75 t0175 uM, in 0.1 M of N2 purged PBS solution with scan rate
and potential windows were followed by 50 mV/s and 0.2 to -0.8 V. At this point, observed the
concentration of NS increased and current increased linearly as shown in Fig. 6A. Owing to the reduction
mechanism of NS into hydroxylamine. At the same time, the small anodic peak was observed at 0.07 V.
This was Owing to the reversible mechanism of hydroxyl-1-nimesulide ((-NHOH) was converted into
nitroso Nimesulide. Furthermore, the addition of analyte the current was increased linearly as well as
the potential shifted towards negatively. Fig. 6B expresses the linear relation between current and analyte
addition. The corresponding linear statics equation y = -0.041x - 2.84 and correlation coefficient R2 = 0.
991. It reveals that, the good linear relation between current and analyte addition.
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Figure 6. (A) CV performance of ZnFe.O4 NPs/GCE with the addition of NS (75 tol75 uM), (B)
Corresponding, calibration curve between the concentration of an analyte (NS) and cathodic
current (LA).

3.6. Effect of scan rate

The effect of scan rate was the main important factor to affect the electrocatalytic reduction of
NS. These studies were carried out in CV investigations N2 purged 0.1 M of PBS solution with the scan
rate changed from 20 mV/s to 200 mV/s and the amount of NS added at 100 uM with the potential
window were followed from 0.2 to -0.8 V. Fig. 7A shows, an increasing scan rate the cathodic current
was too increased. Owing to, an increasing scan rate the electrochemical reaction time was shortened as
a consequence cathodic current was increased. Meanwhile, a high scan rate causes electrochemical
reaction time was increased and current linearly increased. Meanwhile, with an increasing scan rate, the
potential was a shift towards negatively. Fig. 7B represents the calibration curve between the cathodic
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current (vs) square root of scan rate. It reveals that a good liner agreement with a current vs square root
of scan rate. This corresponding, the linear statics equation presumed through y = -0.797x — 0.308 and

relative correlation co-efficient R2 = 0. 987.
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current (MA) vs square root of scan rate (mV/s)*2. (C) Calibration curve between the log of
current (LA) vs log of scan rate (v). (D) Calibration curve between potential (V) vs In of scan rate

V).

This reveals that the electrochemical reduction reaction of NS on ZnFe,O4 NPs/GCE was a
diffusion-controlled process. However, a linear correlation was detected between log scan rate vs log
cathodic current. The observed linear statics equation y = -0.486x — 0.049, R2 = 0.994 shown in Figure
7C. The aforementioned, observed ideals are confirmed the electrochemical reduction reaction was a
diffusion-controlled process and the electrochemical reaction was a time-dependent process.
Additionally, some other parameters such as charge transfer coefficient (o) and standard electron transfer
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rate (k's) correspondingly influenced the kinetics of electrochemical reduction. Besides, such parameters
are described in Laviron’s equation. Moreover, the linear regression plot between In scan rate (Vs)
potential was exposed in Fig. 7D. Corresponding linear regression equation and relative coefficient
specified in y =-0.015x - 0.386;R2=0. 990. From this plot, the slope value was calculated and substituted
in Laviron’s equation [44].
Epc = E°+ (RT/onF) In(RTKs/anF) + (RT/anF)ln v (3)
Where a was denoted as charge transfer coefficient and v was denoted as scan rate of the
reduction reaction. R and T were usual parameters of gas constant (8.314 JK'mol?) and room
temperature (298K). n is the number of electrons are participated in this reduction reaction (4e°). F was
denoted as a Faraday’s constant (96485.3 C/mol). The charge transfers value (o)) and standard electron
transfer coefficient (k's) were calculated to be 0.5 and 1.36 X 10 cm? s [45].

3.7. Electrochemical reduction of NS via DPV

The LOD and sensitivity of the constructed ZnFe2Os NPs/GCE sensor towards NS were
investigated via DPV analysis. These studies were carried out in N2 purged 0.1 M of PBS solution with
a concentration of analyte added from 0.1 uM to 166 UM and the potential range was firmed from 0.2 to
-0.8 V. As a result, an increasing concentration of NS the current increased linearly. Moreover, the
current vs addition of analyte was shown in Fig. 8A.

(A) (B)

Current (nA)
Current (LA)
tn

y = -0.045x - 1.086
R? = 0.994

02 0.1 0.0 -0.1 0.2 0.3 -0.4 -0.5 -0.6 -0.7 -0.8 0 20 40 60 80 100 120 140 160 180
E/V vs. Ag/AgCl Concentration NS (uM)

Figure 8. (A) DPV current response of ZnFe>Os NPs/GCE towards NS addition 0.1 to 166 puM in N2
purged 0.1 M of PBS solution. (B) The linear correlation curve between current (LA) vs
concentration of NS (UM).

This indicates the complete utilization of NS on ZnFe;O4 NPs/GCE with the high linear range
was achieved to be 0.01-166 uM. Fig. 8B illustrates the linear correlation curve between reduction
current vs concentration of an analyte. Further, the linear regression equation obtained y = -0.045x -
1.086 and the relative correlation coefficient, R2 = 0.994. The aforementioned values are, indicate the



Int. J. Electrochem. Sci., 16 (2021) Article ID: 210772 15

good linearity between current and analyte addition. From this linear curve, the limit of detection
(S/N=3) and the sensitivity (S) were calculated to be 0.006 pM and 0.625 pA uM™ cm. Furtherly, the
constructed sensor sensitivity and the linear range were correlated with the previous reports in Table 1.
This indicates the good linear range, high sensitivity, and trace level detection was an exhibit by the
proposed sensor.

Table 1. Comparison of other fabricated electrodes for the determination of NS.

Modified Electrodes Linear Limit of detection Reference
range (uM) (uM)
Cysteic acid/CNTs/GCE 0.1-10 0.05 [46]
MWCNTs/GCE 0.3-65 0.16 [47]
Glassy Carbon electrode 0.4-50 0.032 [48]
Fe>O3 magnetic nanoparticle/GCE 2.6-1000 0.13 [49]
ZnFe;04 NPs/GCE 0.001-166 0.006 This Work

3.8. Selectivity, repeatability, reproducibility and storage stability.

Selectivity is an important factor for newly constructed electrochemical sensors. Fig. 9A
represents the DPV obtained polarography for selectivity study. Moreover, this experiment was carryout
in N2 purged 0.1 M of PBS solution with anti-interference property were checked by using various
metals, biomolecules, and nitro compounds. Fig. 9B exposed the bar diagram of current vs various
foreign molecules such as calcium (Ca?*), magnesium (Mg?*), dopamine (Dop), uric acid (UA),
nitroaniline (NA), nitrofurazone (FZ), nitrofurantoin (NTF), and Nimesulide (NS). This indicates the
constructed sensor shows a higher current and anti-interference with other foreign molecules. However,
this agrees that constructed sensor exposed good selectivity toward detection of NS. Furthermore, the
reproducibility study of the constructed ZnFe>O4 NPs/GCE was performed via identical DPV analysis.
In this study, the four different ZnFe.O4 NPs modified GCE, under similar conditions were added in 100
UM concentration of NS. As a result, more or less similar currents were observed, shown in Fig. 9C. The
corresponding bar diagram also plots between modified electrode vs current as illustrated in Fig. 9D. It
indicates the excellent reproducible performance of the constructed sensor towards NS. The repeatability
of constructed ZnFe>O4 NPs/GCE sensor was evaluated in the presence of 100 uM concentration of NS,
containing 0.1 M of PBS via DPV analysis. In these studies, the constructed ZnFe>Os NPs/GCE sensor
was executed for a consecutive run for 10 cycles and corresponding DPV signals are noted as shown in
Fig. 9E. Also, to found a good RSD value exhibit the proposed sensor at 0.97%. In further, the storage
stability of the constructed ZnFe,O4 NPs/GCE sensor was found on the 1%'day, 8" day and 15" day. As
a result, to found the loss of current by 0.3% on the 8" day, 0.5 % on the 15" day. It indicates good
storage stability of the proposed sensor was shown in Fig. 9F.
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Figure 9. (A) DPV response of NZ reduction in the existence of interfering metal ions (Ca%*, Mg?*, Dop,
UA, NA, FZ and NTF. (B) Corresponding bar diagram between current and interfering
molecules. (C) DPV depicted reproducibility studied for 100 uM of NS on ZnFe,O4 NPs/GCE
four different GCE electrodes. (D) Corresponding bar diagram for reproducibility study of four
different constructed electrodes. (E) DPV response of repeatability studies for 100 pM NS
detection on constructed ZnFe>O4 NPs/GCE for 10 consecutive measurements. (F) DPV signal
of storage stability studies of 100 UM NS detection on constructed ZnFe,O4 NPs electrodes.

3.9. Real sample analysis

The practical utility of constructed sensor was scrutinized via DPV analysis. The detection of NS
in real samples are nimesulide tablet and human urine sample. NS tablet was bought from a nearby
medical shop and urine samples were collected from healthy humans in Taiwan hospital. The tables are
precisely grained using mortar. Then 10 mg of NS grained samples were weighed and diluted with
ultrapure water, sonicated for 10 minutes. Further, the impurities were removed via centrifugation.
Besides, this test was carryout in N2 purged 0.1M PBS solution with spiked diluted NS grained solution
via standard addition method shown in Fig. 10A. The received recovery values were collected and
reported in Table 2. Further, the N2 purged 0.1 M PBS solution containing a known concentration of NS
spiked with diluted urine sample via standard addition method shown in Fig. 10B. Moreover, the
recovery values were presented in Table 2. These evident values are demonstrating that, the constructed
ZnFe;04 NPs/GCE a sustainable recovery for detection of NS in real samples.
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Figure 10. (A) DPV response of NS tablet (B) NS spiked Urine sample.

Table 2. The received recovery values of NS Tablet and human Urine samples.

Sample Added (UM) Found (uM) Recovery (%)
NS Tablet 45 44.7 99.3
60 59.5 99.1
75 74.8 99.7
Human urine 15 14.2 94.6
25 24.8 99.2
30 29.9 99.6

4. CONCLUSION

In conclusion, we fabricated ZnFe>O4 NPs modified electrode exhibits highly sensitive detection
of NS sensor. The ZnFe>O4 NPs modified electrode has a much lower trace level measurement of NS
than previously recorded NS sensors, owing to its unique electrocatalytic activity. The ZnFe>O4 NPs
fabricated electrode used for specific detection of NS in presence of metal ions, bio-molecules and nitro
compounds. The ZnFe>O4 NPs modified electrode is thought to be responsible for the high performance
and outstanding stability of the NS sensor based on the electrode efficiency. Consequently, the
established sensor exhibits a lot of potential for detecting NS in human serum and NS tablet samples.
From this study, we recommend that the as-presented ZnFe>O4 NPs sensor electrode has applicable for
practical pharmaceutical and biological applications.
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