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Abstract

Herein, we investigated the electrochemical behaviour of fMWCNTSs decorated with Co-Nd bimetallic nanoparticles and
alumina nanoparticles (Co-Nd/Al,0;@fMWCNTs). The nanocomposites were synthesised using simple mechanical mix-
ing and characterised by FT-IR, XRD, UV-visible studies, SEM, TEM and EDAX. Moreover, the crystalline size of the
synthesised nanoparticles was also calculated using XRD data (Debye—Scherer formula) and was found in the nm range.
The electrochemical behaviour of epinephrine (EP) was examined in the presence of Co-Nd/Al,0;@fMWCNTs nanocom-
posite modified glassy carbon electrode (GCE) using various electrochemical techniques such as cyclic voltammetry (CV),
differential pulse voltammetry (DPV), electrochemical impedance spectroscopy (EIS), and chronocoulometry. Among all
the above-mentioned techniques, the DPV response of the modified Co-Nd/Al,0;@fMWCNTSs/GCE under optimal cir-
cumstances revealed a dual linear range (0.2 to 4000 uM and 4000 to 14,000 uM) and LOD of 0.015 pM (S/N=3). The
sensitivities were determined to be 0.00323 pAuM ™! and 0.0004 pAUM ™! in 0.2 to 4000 uM and 4000 to 14,000 uM con-
centration ranges. Using chronocoulometry, the surface coverage of Co-Nd/Al,0;@fMWCNTSs/GCE was calculated to be
1.37x 107® mol cm™~2. The fabricated Co-Nd/AlL,O; @fMWCNTs/GCE demonstrated remarkable repeatability, with an RSD
of 0.09%, and storage stability of 3 weeks, with 89.6% current retention. Lastly, it was found that Co-Nd/Al,0; @fMWCNTs/
GCE worked well for EP analysis in a variety of biological fluids.

Keywords Chronocoulometry - Bimetallic nanoparticles - Functionalized MWCNTSs - Epinephrine - Modified GCE -
Electrochemical sensor

Introduction
Responsible Editor: George Z. Kyzas
Highligths Epinephrine (EP), also known as adrenaline, acts both as a
o Co/Nd bimetallicnanoparticles and alumina nanoparticles hormone and a neurotransmitter that has a significant bio-
decorated over IMWCNTS (Co-Nd/ALO; @I MWCNTs)were logical and pharmacological role in the mammalian central

prepared through simple mechanical mixing. .
. . . nervous system (Cannon et al. 1929). EP is capable of con-
e Severalelectrochemical techniques like CV, DPV, EIS, and y (C 929) P

chronocoulometry were employedfor EP sensing. trolling various processes that include heartbeat and blood
e Concentration ranges from 0.2 to 14,000 uM, with a detection pressure acceleration (Struthers et al. 2016), easing acute
limit of0.015 pM (S/N = 3). . , respiratory distress syndrome (Fernando et al. 2021) and it is
o Surface coverage (T,)was calculated to be 1.37 X 10™° mol cm™ . . . . .
at Co-Nd/ALO,@fMWCNTS/GCE. a.lso useful in treating several .1llnesses like asthma, bronchi

o The developedsensor shows good selectivity, reproducibility, tis, cardiac arrest, anaphylaxis, and hypertension (Agboola
and stability. et al. 2009). Since EP is a stress releasing hormone, its injec-
o The modified GCEwas effectively used for the analysis of EP in tions were given during COVID-19 pandemic to reduce the
blood serum and urine samples. cardiac impact (Mahnaz and Ansarian 2020). Moreover,

fluctuations in the EP concentrations lead to numerous
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diseases, such as Parkinson’s disease (Spencer et al. 1998),
multiple sclerosis (Liou et al. 2006) and Alzheimer’s dis-
ease (Burke et al. 1988). The quantity of EP in human fluid
is one of the most essential screening tools for monitoring
its therapeutic treatment and for determining the potential
mediator in affected individuals (Raymondos et al. 2000).
Hence, there is a requirement to develop an efficient tech-
nique for EP detection in different biological fluids (Oruch
et al. 2014). Several conventional methods have been used
for EP determination and were based on high performance
liquid chromatography (Sabbioni et al. 2004), fluorimetry
(Caiiizares and de Castro 1995), capillary electrophoresis
(Lin et al. 2004), chemiluminescence (Michatowski and
Hataburda 2001) and electrochemical analysis (Garrido et al.
1997; Ni et al. 1999).

The conventional techniques offer various advantages that
include high sensitivity and significant reliability. However,
they suffer from some limitations that include poor selec-
tivity, tedious and time-consuming measurements, require-
ments for pre-treatment for sample extraction, and costly
instrumentation (Belluzo et al. 2008). Although, electro-
chemical sensors are simple, cost-effective, portable and
small-sized, they also provide high selectivity and sensi-
tivity for EP sensing (Georgakilas et al. 2007) (Tezerjani
et al. 2017). However, electrochemical approaches have cer-
tain drawbacks in the EP detection. An irreversible redox
reaction occurs at a bare electrode, resulting in a large over
potential due to the slow electrode kinetics at the electrode’s
surface (Garrido et al. 1997). Moreover, since uric acid and
ascorbic acid act as interfering analytes in EP sensing, its
electrochemical analysis becomes difficult (Manjunatha
et al. 2018). Hence, to overcome the above mentioned chal-
lenges, electrode must be modified with a suitable nanocom-
posite material (Sanghavi et al. 2015).

Nanomaterials are being dominated by their nanoscale
design, which provides several attractive properties, such
as enhanced surface to volume ratio, which helps in fast
reaction kKinetics measurements with greater sensing perfor-
mance for EP determination (Ramgir et al. 2010)(Iost et al.
2011). Multiwalled carbon nanotubes (MWCNTSs) have
gained substantial significance among researchers owing
to their attractive properties such as enormous surface area
which acts as a supporting material with photocatalytic
features, large thermal and chemical stability and better
electrical conductivity (Yang et al. 2015). However, pris-
tine MWCNTs may not be used in the modification of elec-
trodes due to a lack of solubility in water (Pérez-L6pez and
Merkogi 2012). Hence, functionalization of MWCNTSs can
be performed to improve their dispersion in water, which is
useful in enhancing the electrode performance for EP sens-
ing (Hu et al. 2010).

Alumina nanoparticles have got several applications due
to attractive features such as catalysing electrochemical

reactions and providing a large surface to volume ratio,
which are useful in electrode fabrication (Kusuma et al.
2020). Bimetallic nanoparticles have been broadly used in
electrochemical sensing due to their unique features such as
outstanding electro catalytic activity and quicker response
rate (Zhang et al. 2018). However, these nanoparticles show
several limitations of easy aggregation, which act as an
obstacle in electrode fabrication. Therefore, a suitable sup-
port is a prerequisite needed to prevent metal nanoparticles
from aggregation (Eksin et al. 2015). Hence, the nanocom-
posite was synthesised using Co-Nd bimetallic nanoparti-
cles, alumina nanoparticles and fIMWCNTs (Co-Nd/Al,O; @
fMWCNTs). Furthermore, enhanced electro catalytic prop-
erties and increased sensitivity that were realised might be
due to the synergistic effects of the synthesised Co-Nd bime-
tallic and alumina nanoparticles attached to fMWCNTs.

The present work aimed to create a low-cost, simple-to-
make and fast response EP sensor based on Co-Nd/Al,O;@
fMWCNTSs nanocomposite modified GCE with a wide con-
centration range. This is the first time that Co-Nd bimetallic
NPs and alumina NPs supported on fMWCNT-based nano-
composite were synthesised and immobilised on GCE for
EP sensing. This paper proposes a straightforward electrode
modification approach. Surface coverage () was calculated
at Co-Nd@AL,O;-fMWCNTs/GCE using chronocoulometry.
Furthermore, interference studies were also performed in the
presence of various analytes such as Na*, C1~, K, NO;7,
para—amino phenol, glucose, estradiol, dopamine, uric acid
and ascorbic acid. The fabricated Co-Nd/Al,0;@fMWC-
NTs/GCE was also tested for repeatability, reproducibility
and stability. The modified Co-Nd/Al,0;@fMWCNTs/GCE
is a simple, sensitive and efficient electrochemical sensor for
EP detection both in blood serum and urine samples.

Experimental section
Chemicals and reagents

All the chemicals used in the experiment were of analyti-
cal grade. Epinephrine and multiwalled carbon nanotubes
(>90% purity, OD 110-170 nm, length 5-9 um, purity)
were bought from Sigma Aldrich. Alfa-Aesar, Loba
Chemie and Merck provided cobalt nitrate hexahydrate
(Co(NO;),.6H20), neodymium oxide (Nd,0;) and alu-
minium nitrate nonahydrate (AI(NO5);.9H20, respectively.
Ethylene glycol (CH,0OH),, sodium hydroxide (NaOH) and
citric acid were procured from Himedia Laboratories Pvt.
Ltd, and s-d fine chem. Ltd, respectively. Using a suitable
amount of ethanol (C,H;OH), 0.1 M stock solution of EP
was prepared. Aqueous solutions of 0.1 M sodium dihydro-
gen phosphate (NaH,PO,) and disodium hydrogen phos-
phate (Na,HPO,) were made individually and mixed in an
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approximate ratio to get a 0.1 M phosphate buffer solution
(PBS, pH 7.0). All solutions were made using triple distilled
water.

Instrumentations

To examine the morphology of the synthesised nanomate-
rials, scanning electron microscopy (SEM; coupled with
energy dispersive X-ray analysis; EDAX) was performed
using Zeiss EVO 18 Research. Furthermore, to study the
morphology of the Co-Nd/Al,0; @fMWCNTs nanocompos-
ite, transmission electron microscope (TEM) was carried out
using TECHNAI G220 TWIN, FE, USA. The X-ray diffrac-
tion (XRD) pattern of the produced nanocomposite mate-
rial was examined using Cu Ka radiation on a D8 Advance/
Discover Bruker Germany Diffractometer for characterisa-
tion of structure with a 20 range from 5 to 72°. The Fourier
transform infrared spectra (FT-IR) of developed nanomateri-
als diluted in KBr pellets were examined on a Perkin Elmer
(Spectrum Two) Fourier transform infrared spectrophotom-
eter. The UV—visible studies were done using a UV—visible
spectrometer Hitachi U-3900, Japan. All electrochemical
measurements were analysed on an Autolab electrochemi-
cal workstation (TYPE II) having NOVA 1.8.17 software.
The conventional three-electrode system employing bare and
modified GCE as the working electrode, saturated Ag/AgCl
as the reference electrode, and platinum wire as a counter
electrode is used in the electrochemical system.

Methods
Synthesis of Co-Nd bimetallic nanoparticles

For the preparation of Co-Nd bimetallic nanoparticles, aque-
ous solutions of cobalt nitrate hexahydrate (Co(NO;),.6H,0)
(25 mM, 10 mL) and neodymium oxide (Nd,05) (25 mM,
10 mL) were prepared separately. Both the solutions were
mixed together, and ethylene glycol (CH,OH), (10 mM,
5 mL) was added dropwise and then heated for 10 min at
95 °C. Furthermore, to maintain pH 9.0, NaOH was added.
Then, the mixture was kept for an hour at 95 °C with con-
stant stirring. Finally, the precipitate was cleaned with triple
distilled water and ethanol and then dried at 80 °C.

Synthesis of alumina nanoparticles

Alumina nanoparticles were synthesised using the auto-
combustion method as reported earlier (Raghavendra et al.
2014). Typically, an aqueous solution of aluminium nitrate
nonahydrate (AI(NO;);.9H,0) (0.5 M, 100 mL) was pre-
pared, followed by a slow addition of an aqueous solution
of citric acid (1 M, 25 mL). The resultant mixture was kept
at 70 °C by magnetic stirring. After sometimes, when the
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solution becomes grey, the magnetic stirrer is removed.
Furthermore, heating was continued until water was com-
pletely removed from the solution and a yellow powder was
obtained. The resultant powder was calcined at 1000 °C to
get pure white alumina powder.

Synthesis Co-Nd/Al,0;@fMWCNTs nanocomposite

Before the synthesis of nanocomposites, MWCNTSs were
functionalized. For this, a dispersed solution of MWC-
NTs (40 mg, 40 mL) were made using concentrated nitric
acid. The resulting mixture was ultrasonically agitated for
1 h under reflux conditions at 120 °C for 4 h. The black
precipitates were collected and washed with triple distilled
water and ethanol. Also, it was dried at 80 °C (Datsyuk et al.
2008). The Co-Nd/Al,0;@fMWCNTSs nanocomposite was
synthesised as represented in Fig. 1. For this, an equivalent
amount of Co-Nd bimetallic nanoparticles, Al,O; nanopar-
ticles and -MWCNTSs was taken and then ethanolic disper-
sion (25 mg in 10 mL) of Co-Nd bimetallic NPs, Al,O; and
f-MWCNTs was prepared separately by dissolving them in
ethanol and ultrasonicated for 4 h. Furthermore, all of them
were mixed together and further sonicated for an hour. The
reaction mixture was refluxed at 80 °C for 48 h. The pro-
duced precipitate was filtered, washed many times with tri-
ple distilled water and ethanol, which helps in removing any
unreacted impurities. Furthermore, it was dried in a vacuum
oven at 80 °C to get a completely dried product.

Fabrication of Co-Nd/Al,0,@fMWCNTs nanocomposite
modified GCE

Prior to modification, GCE was thoroughly polished with
alumina powder of different sizes (1.0 um, 0.3 um, 0.05 um)
successively to get a shining mirror-like surface. It was also
ultrasonically treated for 30 s each with triple distilled water
and acetone. The polished GCE was modified using Co-Nd/
Al,0;@fMWCNTSs nanocomposite material. For this, 2 mg
of the synthesised composite material was dispersed through
ultra-sonication in 1 mL of DMF for 2 h. After that, drop
casting was done on bare GCE using 20 pL of the prepared
dispersed solution and kept at room temperature for over-
night drying. The fabricated electrode was used as a working
electrode for different electrochemical measurements. In a
similar manner, Co-Nd/GCE, Al,O5/GCE, and f-MWCNTSs/
GCE were also fabricated.

Real sample preparation

The human blood serum sample was collected from the
health centre, BHU, Varanasi for the preparation of a real
sample. The collected blood serum sample was diluted 100
times in 0.1 M PBS (pH 7.0) to prevent any interference
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Fig. 1 Schematic illustration
for the preparation of Co-Nd/
Al,O;@fMWCNTSs nanocom-
posite

present in the sample. The electrochemical measurements
were performed by taking a sample in an electrochemical
cell, and then spiking it with a pre-defined amount of EP.
The analysis was based on the standard addition method.
Similarly, human urine was collected and electrochemical
analysis was done as prescribed earlier.

Results and discussion
Physical characterizations

FT-IR studies

Figure 2A and B show the FT-IR spectra of Co-Nd bime-
tallic nanoparticles, Al,0; nanoparticles, IMWCNTs and
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Co-Nd/Al,0;@fMWCNTSs nanocomposite. In the FT-IR
spectra of Co-Nd bimetallic nanoparticles as shown in
Fig. 2A (green solid curve), the peaks at 574 cm™! and
694 cm™" are due to the stretching vibration of the Co—O
and Nd-O bonds, respectively. In the case of Co,0;, the
additional peak at 1572 cm™' is due to the asymmetric
vibration of the carboxylate ion (Kudlash et al. 2008)
Moreover, the peak at 2926 cm™! and 3609 cm™! is due
to asymmetric vibration of the methylene group and O-H
stretching vibration, respectively, in Nd,O; (Ahmadi et al.
2020). In the FT-IR spectra of Al,O; nanoparticles as rep-
resented in Fig. 2A (blue solid curve), a wide band in the
range of 550-1100 cm~! was observed, which is associated
with Al-O stretching vibrations. Moreover, a large absorp-
tion band at 3481 cm™~! was owing to O—H stretching vibra-
tion (Latha et al. 2017). The IR spectra of fMWCNTs are

Fig.2 FT-IR spectra. A Co-Nd

bimetallic nanoparticles (green
solid curve) and alumina
nanoparticles (blue solid curve).
B Functionalized MWCNTSs
(black solid curve) and Co-Nd/
Al,0;@fMWCNTSs nanocom-
posite (red solid curve)
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described in Fig. 2B (black solid curve), where the peaks
at 1420 cm~! and 1715 cm™' correspond to the aromatic
C=C stretching vibration and the stretching vibration of
C =0 from -COOH group, respectively. Furthermore, the
peaks at 2293 cm~! and 3460 cm™! are related to CH and
OH stretching vibrations, respectively (Gupta and Saleh
2011). The IR spectra of the Co-Nd/Al,0;@fMWCNTs
nanocomposite as mentioned in Fig. 2B (red solid curve)
show peaks at 3430 and 3584 cm™' due to the O-H stretch-
ing vibration of Al,0; and fMWCNTSs, respectively. Fur-
thermore, peaks at 2938 and 2303 cm™' are due to asym-
metric vibration of methylene group and CH stretching in
Nd,0; and fMWCNTs, respectively. Moreover, peak at
1744 cm™! is due to aromatic C = C stretching vibration in
fMWCNTs. The Co—O and Nd-O bands in Co-Nd/Al,0,@
fMWCNTSs nanocomposite appear at 598 and 704 cm™!
respectively (Kudlash et al. 2008; Ahmadi et al. 2020).
The appearance of these distinct peaks proved that the
Co-Nd/AlL,0;@fMWCNTs nanocomposite had been suc-
cessfully prepared.

XRD spectra

XRD spectra are used to determine the crystalline nature
of the synthesised nanomaterials The peaks at 26 value of
14.17° (101), 28.12° (110), 30.40° (400), 39.92° (311),
42.97° (222) and 54.33° (511) are due to Co (JCPDS no.
9-418) and Nd (JCPDS no. 21-0579) nanoparticles that
affirm the presence of Co-Nd nanoparticles as shown in
XRD spectra of Co-Nd bimetallic nanoparticles (Fig. 3A)
(Raza et al. 2016; Chen et al. 2017; Ahmadi et al. 2020).
Furthermore, using the Debye—Scherer (D =kA /p cos 8)
(Bhoi et al. 2020), its crystalline size was determined to be
2.08 nm, where D, k, A, B and 0 signify average crystalline
size, constant value, X-rays wavelength, full width at half
maxima and angle of diffraction respectively. Figure 3B dis-
plays the XRD pattern of alumina nanoparticles where corre-
sponding characteristic peaks at 25.78° (012), 35.53° (122),
37.15° (130), 45.90° (400), 52.32° (204), 56.81° (116) and
66.04° (440) were observed, suggesting the presence of
Al,O5 nanoparticles (Yadav et al. 2019). Furthermore, its
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Fig.3 XRD spectra of A cobalt neodymium bimetallic nanoparticles, B alumina nanoparticles, C functionalized MWCNTSs, and D Co-Nd/

Al,0;@fMWCNTSs nanocomposite
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crystalline size was found to be 72.03 nm. The XRD spectra
of fIMWCNTs are represented in (Fig. 3C). It displays a peak
at 20 value of 25.82°, 43.67, 53.90° and 77.30° correspond-
ing to (002), (101), (004) and (110) reflections, respectively
(Farbod et al. 2011). Figure 3D demonstrates the XRD pat-
tern of prepared Co-Nd/Al,0;@fMWCNTs nanocompos-
ite and it shows peak at 20 value of 25.82° (002) which is
the characteristic peak of fMWCNTs (Farbod et al. 2011).
Furthermore, some additional peaks at 15.56° (101), 28.28°
(110) and 39.86° (311), 43.20° (222) confirm the existence
of Nd (Chen et al. 2017) (Ahmadi et al. 2020) and Co nano-
particles (Raza et al. 2016) in the prepared nanocomposite.
Moreover, peaks at 57.42° (116), 65.29° (440) and 77.92°
(110) indicate the presence of Al,O; and fMWCNTs in the
fabricated Co-Nd/Al,0;@fMWCNTSs nanocomposite mate-
rial (Yadav et al. 2019). As a result, of the effective synthesis
of the Co-Nd/Al,0;@fMWCNTSs nanocomposite, the XRD
data supports the existence of Co-Nd bimetallic nanoparti-
cles, Al,O5; nanoparticles and fMWCNTs.

UV-visible studies

The dispersions of Al,O; nanoparticles, Co-Nd nano-
particles, functionalized MWCNTs and Co-Nd/Al,0;@
fMWCNTs nanocomposite were prepared in ethanol for
UV-visible spectroscopy. The UV-visible spectra of
Co-Nd bimetallic nanoparticles are shown in Fig. 4a, with
absorption bands at 295 and 435 nm, respectively, which
could be attributed to charge transfer from 0>~ to Co>*
(Bala et al. 2004) and O-Nd (Prabu et al. 2018) respec-
tively. Figure 4b depicts the absorption band at 270 nm
caused by fMWCNTs (Weng and Neethirajan 2017). Fig-
ure 4c depicts a UV-visible study of Al,O; nanoparticles

200 300 400 500 600 700 800
Wavelength (nm)

Fig.4 UV-visible spectra of a alumina nanoparticles, b cobalt neo-
dymium bimetallic nanoparticles, ¢ functionalized MWCNTSs, and d
Co-Nd/Al,0;@fMWCNTSs nanocomposite

with an absorption band at 294 nm, confirming the pres-
ence of Al,O; nanoparticles as previously reported (Al-
nassar et al. 2015). Furthermore, a broad peak is seen in
the UV—visible spectra of the Co-Nd/Al,0;@fMWCNTs
nanocomposite, as shown in Fig. 4d. The broad band in
the range of 230-350 nm could be attributed to the over-
lapping of the characteristic peaks of alumina, bimetallic
nanoparticles and fMWCNTs.

SEM studies

SEM studies were performed to study the surface morphol-
ogy of alumina nanoparticles, Co-Nd bimetallic nanoparti-
cles,  MWCNTs and Co-Nd/Al,0,;@fMWCNTs nanocom-
posite. Figure 5A represents the characteristic SEM image
of the prepared alumina nanoparticles. The Co-Nd bimetal-
lic nanoparticle represents a spherical shape with a homog-
enous structure (Fig. 5B). Moreover, in the SEM image of
functionalized MWCNTs as described in Fig. 5C, the walls
of MWCNTs have become curled and damaged due to the
exfoliation because of the addition of concentrated HNO; on
the pristine MWCNTSs. The Co-Nd bimetallic nanoparticles
are homogenously dispersed over the cylindrical surface of
fMWCNT as shown in Fig. 5D. Furthermore, because of
the enormous surface area offered by fMWCNTs, alumina
and Co-Nd bimetallic nanoparticles are tightly bound to the
fMWCNTs walls, boosting conductivity. When coated on
GCE, the well distributed alumina and Co-Nd bimetallic
nanoparticles on fMWCNTs provide a large surface area,
which may result in improved conductivity. The existence of
elements such as C, O, Co, Al and Nd in the nanocomposite
was verified by EDAX analysis as shown in Fig. 5E.

TEM studies

TEM and selected area electron diffraction (SAED) were
used to examine the nanomaterial structure and crystal pat-
tern, respectively. The TEM images under different mag-
nifications of the prepared Co-Nd/Al,0;@fMWCNTs
nanocomposite are described in Fig. 6A and B. From these
figures, it appears that the bimetallic and Al,O; nanoparti-
cles are spherical in shape, but some of them are also present
in cluster form and these nanoparticles are attached to the
tubular walls of the fIMWCNT surface. Figure 6C illustrates
the high-resolution TEM image of the prepared Co-Nd/
Al,O;@fMWCNTSs where lattice spacing was observed to
be 0.325 nm. The SAED pattern consists of bright spots
and rings, indicating the crystalline nature of the prepared
Co-Nd/Al,0;@fMWCNTs nanocomposite. The spots and
rings originate from the random orientation of the nanopar-
ticles around fMWCNTs as represented in Fig. 6D.
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Fig.5 SEM image of A alumina nanoparticles, B cobalt neodymium bimetallic nanoparticles, C functionalized MWCNTs, D Co-Nd/Al,0,@
fMWCNTSs nanocomposite, and E EDAX report of Co-Nd/Al,0;@fMWCNTs nanocomposite

Electrochemical characterisation of the prepared electrode

EIS studies are used to analyse the electrochemical charac-
teristics of the synthesised nanocomposite materials, since
it is a potent technique for examining the electrochemi-
cal charge transfer processes at the electrode—electrolyte
surface. As shown in Fig. 7A, the Nyquist plot of various
modified GCE in the 0.1 Hz to 10 kHz frequency range
towards 5 mM [Fe(CN)6]>~4~ in KCI (0.1 M) is divided
into two parts: semicircular and linear components, which
represent electron transfer and diffusion-limited processes,
respectively. The diameter describes the electron transfer
resistance (R_), which regulates the electron transfer kinet-
ics involved, and the semicircular component is noticed at
high frequency ranges. A modified Randles equivalent cir-
cuit model (c.f. Figure 7B) was used to fit the impedimetric
spectrum of the modified Co-Nd @ Al,O;-fMWCNTs nano-
composite. Electrolyte resistance (R,), Warburg impedance
(W), double layer capacitance (CPE) and electron transfer
resistance are all components of this circuit. The solution’s
resistance is known as R,. The element W is involved with
the diffusion of redox probe ions at the electrode—electrolyte
interface. The double layer capacitance is denoted as CPE.
The R, values for bare GCE (curve a), Al,O5/GCE (curve
b), Co-Nd/GCE (curve ¢), T IMWCNTSs/GCE (curve d) and
Co-Nd/AL,O;@fMWCNTs/GCE (curve e) were found to
be 18.2 kQ, 13.5 kQ, 12.3 kQ, 8.49 kQ and 904 Q, respec-
tively. The R value of Co-Nd/Al,0;@fMWCNTs/GCE
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was found to be low in comparison to other modified GCE,
signifying that the modified nanocomposite material pro-
motes electron transfer with the addition of electrochemical
oxidation.

To compute the heterogeneous rate constant (k) for
the 5 mM [Fe(CN)4]*~*~ redox pair in KCI1 (0.1 N) at the
bare GCE, Al,0;/GCE, Co-Nd/GCE, fMWCNTs/GCE and
Co-Nd/Al,0,@fMWCNTSs/GCE, the equation, k., =RT/
n’F?AR_C, (Jaiswal and Tiwari 2021), was used where,
R signifies gas constant, T denotes the temperature in Kel-
vin while n, F, A and C_ represent the number of electron
transfer per redox couple, Faraday constant, geometric
surface area of GCE and redox couple concentration in
bulk, respectively. The average k., values for bare GCE,
Al,0;/GCE, Co-Nd/GCE, fMWCNTs/GCE and the pre-
pared Co-Nd/Al,0;@fMWCNTs/GCE were found to be
1.03x 1075 cm?s, 1.39x 107 cm?/s, 1.55x 107> cm?/s,
2.20x 107° cm?/s and 20.73 x 107> cm?/s, respectively.
Co-Nd/AlL,0;@fMWCNTs/GCE has higher values on
comparison with other modified GCE, indicating the pre-
pared Co-Nd/Al,0;@fMWCNTSs nanocomposite material
resulted in higher electrochemical activity. This might be
due to high surface area, large porous structure, and more
active centres, and hence, the k., value for Co-Nd/Al,O;@
fMWCNTSs/GCE is found to be maximum. Furthermore, a
high k, value would allow EP to move the electrode—elec-
trolyte interface for electrocatalysis, and it would also sup-
port better sensing performance.
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Fig.6 TEM image of A and

B Co-Nd/Al,0;@fMWCNTs
nanocomposite under various
magnifications, C HR-TEM
image of Co-Nd/Al,0;@
fMWCNTSs nanocomposite with
lattice spacing, and D SAED
pattern of Co-Nd/Al,O;@
fMWCNTSs nanocomposite with
interplanar distance

Fig.7 A EIS in 5 mM
[Fe(CN)4]>~*~ with 0.1 N KCI

0:325 i

Q’ﬁ. "o

at (a) bare GCE, (b) Co-Nd/ 16 (A)
GCE, (c) Al,O04/GCE, (d) 14 4
fMWCNTs/GCE, and (e)
Co-Nd/Al,0;@fMWCNTs/ 124
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Electrochemical behaviour of various electrode

Figure 8A depicts the CV responses of various modified GCE
at 20 mV/s in 0.1 M phosphate buffer solution (pH 7.0) by
20 uM EP in the potential range of 0.0 to 0.7. In Fig. 8A,
bare/GCE (blue solid curve) and Co-Nd/GCE (orange solid
curve) show peaks at 0.48 V and 0.47 V, respectively. More-
over, in the presence of 20 uM, EP oxidation peaks were
observed at 0.51 V and 0.36 V is Al,O5/GCE (green solid

curve) and fMWCNTSs/GCE (black solid curve), respectively,
with substantially lower current as compared to Co-Nd/
Al,0;@fMWCNTSs/GCE. The Co-Nd/Al,O;@fMWCNTs/
GCE (red solid curve) shows a lower oxidation peak potential
at 0.28 V and an increased oxidation current in comparison
to other modified GCE. It seems interesting to note that fabri-
cated Co-Nd/Al,0; @fMWCNTSs/GCE represents not only an
increased anodic peak current but also a reduced peak poten-
tial compared to other modified GCE. Furthermore, owing
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Fig.8 A CV of 20 uyM EP in
0.1 M phosphate buffer solution
(pH 7.0) at (a) bare GCE, (b) (A) 9 B
Co-Nd/GCE, (¢) ALO/GCE, 75 210 g (B ~9~AL,O JGCE
(d) IMWCNTSs/GCE, and (e) —a Sors 7 53 g*“g’ggE
Co-Nd/Al,0,@fMWCNTS/ 6.0{ —p g0 I i ———
GCE at 20 mV/s. B EIS data of i & b 6 ~9— Co-N/AL,0, @MWCNTS/GCE
20 uM EP in 0.1 M phosphate Z4.5- E 54
buffer solution (pH 7.0) at (a) £ —d 0 0 e x M 0" ‘
bare GCE, (b) Co-Nd/GCE, (c) 930 N e, ’ 5
Al,O4/GCE, (d) fMWCNTs/ 5 Y34 3 o o\
GCE, and (¢) Co-Nd/ALLO, @ 015.- 2 Feows. % N M REK
fMWCNTs/GCE at 20 mV/s. " y‘ . % 3 1 e
Inset represent equivalent circuit 0.0 4 ! \ ) ‘ c
model for fitting EIS response 04 "
! ! ! ! ! T T T T T T T T T
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to the easy modification property of alumina and conductive
bimetallic nanoparticles, the conductivity of the fabricated
Co-Nd/Al,0;@fMWCNTs/GCE was enhanced (Zhang
et al. 2018). Moreover, fMWCNTSs not only acts as a con-
ductive material but also support nanoparticles, which helps
in increasing anodic peak current due to the availability of
large active sites (Yang et al. 2015). As a result, due to syner-
gistic effect induced by bimetallic nanoparticle, alumina and
fMWCNTs, activation energy barrier gets lowered, which
r increases oxidation peak current. Therefore, the prepared
composite material is better for the detection of EP.

An EIS study was also performed for the investiga-
tion of the electrochemical behaviour of EP on various
modified GCE. The charge transfer resistance (R,,) was
measured at the electrode/electrolyte interface through
the semicircular diameter of Nyquist plot. Figure 8B dis-
plays Nyquist plots of bare GCE (black dashed curve),
Co-Nd/GCE (red dashed curve), Al,04/GCE (green dashed
curve) fIMWCNTs/GCE (orange dashed curve) and Co-Nd/
Al,O;@fMWCNTs/GCE (blue dashed curve) which were
done in between 0.1 Hz and 10 kHz frequency range in a
0.1 M phosphate buffer solution (pH 7.0). Furthermore,
data fitting was done which illustrates R of 9.38 kQ, 7.10
kQ, 3.84 kQ, 3.98 kQ and 996 Q, on bare GCE, Al,O4/
GCE, Co-Nd/GCE, fMWCNTSs/GCE and Co-Nd/Al,0,@
fMWCNTs/GCE respectively. It can be concluded from
the above data that Co-Nd/Al,0;@fMWCNTSs/GCE shows
the lowest R, value, signifying it to be a better electrical
conducting material than all of the other modified GCE.
The highest value of R, was observed for bare GCE in
comparison to other modified GCE. Besides, Al,O5/GCE,
Co-Nd/GCE and fMWCNTs/GCE show comparable R,
which may be due to conducting nature of Al,O;, combina-
tion of conducting metals and exfoliation in the fMWCNT
walls that may be helpful in increasing surface area due
to functionalisation respectively. The modified Co-Nd/
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Al,0;@fMWCNTSs/GCE displays the least R, value due
to the synergistic effect of Co-Nd bimetallic, alumina and
functionalized MWCNT which helps in enhancing electri-
cal conductivity due to the large effective surface area pro-
vided by the developed nanocomposite material. Therefore,
the synthesised Co-Nd/Al,0;@fMWCNTs nanocomposite
material acts as a better electrode modifier because of the
easy EP diffusion on the GCE surface that results in show-
ing good electrochemical sensing of the analyte.

Surface area study

CV was performed to study the electrochemical features
of bare GCE Fig. 9A and B and designed Co-Nd/Al,O;@
fMWCNTSs/GCE) Fig. 9C and D in 5 mM [Fe(CN)]* ™+~ with
0.1 N KCI as supporting electrolyte at various scan rate
(0.01-0.06 V/s). Figure 9B represents I, and V2 plot, which
shows the linear variation of anodic peak current with an
increase in scan rate and the corresponding linear regres-
sion equation for Co-Nd/AL,0;@fMWCNTs/GCE are 1,
(MA)=426.19 log v/ Vs~' +18.9237 (R*=0.9983) and L,,,
(UA)= —428.49 log v/ Vs~' =21.1729 (R*= —0.9877). The
Randles—Sevcik equation (I),=2.69x10° n > A 4 D" 1!*C)
was used for calculating the electroactive surface areas of
the modified GCE (Maier 2004; Sharma et al. 2012). In this
equation, I, denotes the anodic peak current (Ampere), n
is the number of electrons (n=2), A4 is the effective sur-
face area of the electrode (cm?), D is the diffusion coefficient
(7.6x107° cm?/s) of [Fe(CN)6]3‘/4, v is the scan rate (V/s)
and C is the solution concentration (mol/cm?). The effective
surface area for bare GCE and Co-Nd@Al,0;-fMWCNTs/
GCE was found to be 0.08 and 0.172 cm? respectively. Maxi-
mum surface area was established for Co-Nd/Al,O; @fMWC-
NTs/GCE on comparison with other modified GCE, which
helps in improving the electrochemical sensing performance
of the prepared EP sensor.
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Influence of scan rate

A scan rate study was performed for a better understand-
ing of the mechanism of charge transfer, operating on the
Co-Nd/Al,0;@fMWCNTSs/GCE surface. This can be
determined by observing the change of anodic peak cur-
rent and oxidation peak potential as a function of scan rates
(Fig. 10A). It displays the CV curves of Co-Nd/Al,O0;@
fMWCNTSs/GCE at various scan rate (0.01-0.20 V/s) of EP
(2 uM) in 0.1 M PBS at pH 7.0. Figure 10B shows that
anodic peak current increases linearly with an increase in
scan rate. Equation (1) represents the corresponding linear
fitted regression equation, and through it, we may conclude
that the process occurring on Co-Nd/Al,0; @fMWCNTSs/
GCE may be a surface-controlled process (Zhu et al. 2020).

I, (RA) = 48.835 log v / Vs — 1 +0.78102(R* = 0.9918)
ey

In addition, to understand the electrochemical oxida-
tion of EP on a fabricated GCE surface, a graph between
log I, vs log v was plotted (Fig. 10C). Using the slope
from the above plot, various processes going on the GCE
surface can be inferred. If the slope value is between 0.2
and 0.6, the process would be pure diffusion controlled. If
the slope value is between 0.6 and 0.75, the process would
be mixed diffusion adsorption controlled and if the slope
value is 1.0, the process would be pure adsorption con-
trolled (Jaiswal et al. 2017). The synthesised nanocompos-
ite exhibits a slope of 0.77, which entails an electrochemi-
cal process occurring on the GCE surface being purely an
adsorption-controlled process. A linear relationship was

observed when a graph (Fig. 10D) between anodic peak
potentials (E,,,) was plotted, as a function of logarithm of
scan rate (log v) which implies that irreversible process
is occurring on the modified Co-Nd/Al,0;@fMWCNTs/
GCE surface. The corresponding regression Eq. (2) can
be written as:

E,, (V) =0.0431 log v (V/s) + 0.28963(R* = 0.9890)
@)
Furthermore, the number of electron transfers in the elec-
trochemical oxidation of EP can be calculated using the Tafel
plot (E,, vs log v) and the Laviron Eq. (3), (A 1970; Laviron
1979). According to Laviron equation:

E,, =b log v/2 + constant (3)

Here, E, is the anodic peak potential, v represents scan rate
and b signifies Tafel slope (A 1970), its value can be known
from Eq. (4) which is found to be 0.08996.

b =2.303RT /(1 —)n F 4)

where o and n signify charge transfer coefficient and num-
ber of electrons transfer, respectively, while R, F and T are
constants with values of 8.314 JK~! mol™!, 96,500 C mol ™!,
298 K, respectively.

Taking n as 2, o was calculated as 0.6 for an irreversible
process. From this, it can be inferred by using Eq. (7) that
on the fabricated GCE surface, an irreversible pure adsorp-
tion-controlled process is occurring (Jahanbakhshi 2017).
Furthermore, no more additional redox peak potential was
observed, indicating it to be an irreversible process.
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Fig.10 A CV of 2 uyM EP in

0.1 M PBS at pH 7.0 at several 20{(a) 12 (B)
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Furthermore, by using scan rate studies data, the prob-
able mechanism for oxidation of EP can be represented as in
Fig. 11. Here, EP undergoes keto-enol tautomerization. The
complete electro-oxidation of EP involves two proton and
two electron losses and therefore at Co-Nd/Al,0;@fMWC-
NTs/GCE electro-oxidation of analyte involves two electron
processes as reported earlier (Attia et al. 2017).

Electrochemical response towards EP

Both CV and DPV were performed to measure linearity, sen-
sitivity and LOD (S/N=3) of the modified GCE for EP sens-
ing. In comparison with other electrochemical sensing tech-
niques, differential pulse voltammetry (DPV) provides high
selectivity and better sensitivity (El-Sayed et al. 2012). For
EP oxidation, CV was done in 0.1 M PBS (pH 7.0) in various
concentrations at the Co-Nd/Al,0;@fMWCNTs/GCE sur-
face. Figure 12A shows a linear increase in response current
as EP concentration increase linearly. Using the anodic peak
currents (from Fig. 12A) as the analytical response, calibra-
tion curves (Fig. 12B) are produced for EP determination.
Furthermore, from 0.2 to 14,000 uM EP, current increases
linearly with two distinct slopes. Despite two different
slopes in the calibration curve, the sensitivity decreases with
increasing EP concentrations. The first part of the calibration
curve is from 0.2 to 4000 uM with a linear regression equa-
tion of L, (uA)=0.01783 [EP] (uM) +0.5913 (R*=0.99615;
0.2 to 4000 uM) with a LOD of 0.11 with high sensitivity
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Fig. 11 Mechanism of EP oxidation on Co-Nd/Al,0;@fMWCNTs/
GCE

of 0.01079 pAuM~! and 4000 to 14,000 uM with a regres-
sion equation of Ipa (LA) =0.0059[EP] (uM) + 28.8864
(R*=0.98679; 4000 to 14,000 uM) with low sensitivity.
The limit of detection was 0.11, based on 3 6/m, where ¢ is
the standard deviation of the blank and m is the slope of the
calibration plot. Moreover, as EP concentration increases
gradually, it provides hindrance for EP diffusion on Co-Nd/
Al,0;@fMWCNTs/GCE surface. Therefore, there might be
presence of two different concentration range.
Furthermore, a DPV study was also conducted for the
determination of various concentrations of EP at Co-Nd/
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Fig. 12 A Electrochemical
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Al,0;@fMWCNTs/GCE in 0.1 M PBS (pH 7.0). Fig-
ure 13A represents the typical DPV response and indi-
cates that EP concentration increases linearly, peak cur-
rent increases and its corresponding calibration plot is
presented in Fig. 13B. Furthermore, the inset of the plot
signifies linear relationship between EP concentration
and peak current in two different concentration range one
from two concentration range one from 0.2 to 4000 pM.
Figure 13B (1) with linear regression equation of I,
(A)=0.00323 [EP] (uM) + 0.6996 (R*>=0.9819; 0.2 to
4000 uM) with LOD of 0.015 and sensitivity of 0.00323
UAuM™!, and other from 4000 to 14,000 uM with regres-
sion equation of I, (A)=0.0004 [EP] (uM)+0.1108
(R2=O.99205; 4000 to 14,000 uM) and sensitivity of
0.0004 uAuM~! (Fig. 13B (2)). As shown in Fig. 13B,
a dual linear range was observed that might be due to
hindrance provided by increased EP concentration for its
diffusion on the Co-Nd/Al,0;@fMWCNTs/GCE surface.

In comparison to CV, DPV provided a lower detection
limit for EP sensing. The prepared EP sensor have shown

the advantage of low cost, easy fabrication and a wide
concentration range of detection. Moreover, comparison
with the earlier reported works as described in Table 1
for EP sensing with the fabricated Co-Nd/Al,0;@fMWC-
NTs/GCE was also checked. The prepared Co-Nd/Al,0,@
fMWCNTs/GCE displays wide concentration range
(0.2-14,000 pM) in comparison with Au-MWCNT-PANI-
TiO, (Luczak 2011), GO/EDDPT/CPE (Tezerjani et al.
2017), NP Au film (Wierzbicka and Sulka 2016a) and
CoTSPc/MWCNT/GCE (Agboola et al. 2009) respec-
tively. Moreover, NP Au-Ag films (Wierzbicka and Sulka
2016b), AuNP/polt(trisamine/GCE (Taei and Ramazani
2014) and Caffeic acid/GCE (Wang et al. 2006b) exhibit
LOD of 5.05 uM, 0.9 uM and 0.6 uM respectively which is
higher on comparison with the fabricated Co-Nd@ Al,O;-
fMWCNTs/GCE that exhibits very low LOD of 0.015 uM.
Therefore, the synthesised Co-Nd/Al,0,@fMWCNTs/
GCE was found to be par/better toward EP oxidation in
comparison with previously reported data in terms of wide
detection range, better LOD and lower oxidation potential.

Fig. 13 A Electrochemical
response of the Co-Nd/AL,O,@ 18 28 = ;
fMWCNTs/GCE nanocom- (A) 26 ‘Ig}éj Fa (B)
posite towards the sensing of 154 14000 uM gg -E 84
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range of 0.2 to 14,000 uM. B 2124 §.18 1° 2]
Calibration plot, inset 1 for 0.2 E ‘:15 1 6 TR TR YT ab 209
to 4000 uM and inset 2 between o 9- g 14 Cencantraisn é!'"& ;
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2 o 124
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Table 1 Comparison of the
Co-Nd/Al,0;@fMWCNTs/
GCE with other modified
electrode for EP sensing

EIS study

Modified electrode Techniques Linear range (uM) LOD (uM) References
Au-MWCNT-PANI-TIO, DPV 0.077-4.9 0.16 (buczak 2011)
GO/EDDPT/CPE DPV 1.5-600 0.65 (Tezerjani et al. 2017)

NP Au film DPV 20-190 2.4 (Wierzbicka and Sulka 2016a)
CoTSPc/MWCNT/GCE SWV 0.25-3.5 0.134 (Agboola et al. 2009)

NP Au-Ag films DPV 10-100 5.05 (Wierzbicka and Sulka 2016b)
AuNP/polt(trisamine/GCE DPV 3.9-61.8 0.9 (Taei and Ramazani 2014)
Caffeic acid/GCE (6\% 2-300 0.6 (Wang et al. 2006b)
Co-Nd/AlL,0;@ Ccv 0.2-14,000 0.11 This work

fMWCNTSs/GCE

Co-Nd/AL,0;@ DPV 0.2-14,000 0.015 This work

fMWCNTs/GCE

Au-MWCNT-PANI-TiO,, multiwalled carbon nanotubes and polyaniline nanocomposite doped titanium
dioxide on gold electrode; GO/EDDPT/CPE, graphene oxide and 2-(5-ethyl-2,4-dihydroxyphenyl)-5,7-di-
methyl-4H-pyrido[2,3-d][1,3]thiazine-4-one on carbon paste electrode; NP Au film, nanoporous thin gold
films; CoTSPc/MWCNT/GCE, cobalt (II) tetrasulfophthalocyanine multiwalled carbon nanotubes on glassy
carbon electrode; NP Au-Ag films, nanoporous spongelike gold-silver electrode; AuNP/polt(trisamine/
GCE, gold nanoparticles/poly(2-amino-2-hydroxymethyl-prppane-1,3-diol)modified glassy carbon elec-
trode; Au/AuNP/DTDPA/CA/AuNPs, gold electrode modified gold nanoparticles with dithiodipropionic
acid and cysteamine; Caffeic acid/GCE, poly caffeic acid electrodeposited glassy carbon electrode; Co-
Nd@AL,0;-fMWCNTs/GCE, cobalt neodymium nanoparticles doped alumina and functionalized multi-
walled carbon nanotubes on glassy carbon electrode; DPV, differential pulse voltammetry; SWV, square
wave voltammetry; CV, cyclic voltammetry

that helps in lowering the charge transfer resistance (R.)
with increasing concentration. Equivalent electric circuit

The EIS approach was utilised to detect various concentra-
tions of EP at Co-Nd/Al,0;@fMWCNTs/GCE in 0.1 M
PBS (pH=7.0) due to its high sensitivity and rapid reac-
tion rate. In the absence of EP, a semi-circle shaped curve
is found in the frequency range of 0.1 and 100,000 Hz and
when the EP concentration increases, a reduction in the
semi-circle diameter can be observed in Fig. 14A. The rea-
son behind this is the eased approach of EP on the prepared
Co-Nd/Al,0;@fMWCNTSs/GCE nanocomposite material

(as described previously in the inset to (Fig. 8B) was fitted
for the interpretation of the EIS data using the Randles and
Ershler model, where R, R and C; have their usual mean-
ing as described earlier. With the addition of EP, the paral-
lel combination between R, and C, results in a depressed
semi-circle on the Nyquist impedance plot. To explain the
relationship between bulk EP concentration and the R,
equation (R, _ RT/n*F?Ak_, [C°]) was used, where R, T,
n and F have usual meaning as already described (Jaiswal

Fig. 14 A EIS data found at

Co-Nd/Al,0; @fMWCNTs/ 500 (A) 0 M
GCE in 0.1 M PBS (pH=1.0) X
having EP in the concentration
range from O to 7000 pM, inset 400
1 represents EIS plot of EP con- s
centration ranging from 2000 G 300
to 7000 puM. B Plot between 1/ <
Ry vs [EP] iy 200

100

0
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(B)
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et al. 2017). Furthermore, A, [C,] and k_ represent geo-
metric surface area of the electrode (cmz), concentration
of redox probe (mol/cm?) and charge transfer rate constant
dependent on potential. The R, at [EP] =0 was found
to be 1.38 MQ, which is much higher than in the pres-
ence of various EP concentrations. The R, value shifted
from 1.38 MQ to 7.64 KQ as EP concentration increased
from 0 to 7000 uM. Furthermore, on replacing [C ] with
k, (constant) (1/Rct=k,[EP]), a linear plot in Fig. 14B (0
to 7000 uM) was obtained, keeping all other parameters
constant, indicating that Co-Nd/Al,0; @fMWCNTs/GCE
is catalysing EP.

Chronocoulometry study

Chronocoulometry (Fig. 15A) was used to calculate
the surface coverage (T,) of EP using Anson’s equation
(Q(t) =2nFAD"?Ct"?/x'? + Q,4s), Where charge, number
of electrons transferred (n=2), electrode surface area (0.07
cm?), diffusion coefficient (D=7.40x 107> cm?/s), bulk con-
centration, Faraday constant (96,500 C/mol) and time are
represented by Q, n, A,D C, F and t, respectively (Wang
et al. 2006a). Using the slope of Q(t) vs. t'/? plot (Fig. 15B),
Q,4s Was calculated to be 1.87x 10™* C. Furthermore, T
can be calculated using the equation, T,=Q,/nFA, where
the terms have similar meaning as described above. This
resulted in a surface coverage of 1.37 x 107 mol cm~ at
Co-Nd/Al,0;@fMWCNTSs/GCE with a 20 uM EP concen-
tration, which is in good agreement with the data reported
previously (Agyeman 2017).

Repeatability, stability and reproducibility
of the modified electrode

DPV was used to determine sensor performance by analys-
ing the stability, selectivity and reproducibility of Co-Nd/
Al,0;@fMWCNTs/GCE-based EP sensors in 0.1 M PBS

(pH 7.0). The repeatability of the fabricated GCE (Fig. 16A)
was determined by measuring the response of a 2 uM EP
solution for five successive measurements, yielding a rela-
tive standard deviation (RSD) of 0.09%. In order to ascertain
the reproducibility as shown in Fig. 16B, 5 similar Co-Nd/
Al,0;@fMWCNTSs/GCE were made and used for the detec-
tion of 5 uM EP solution through DPV. The RSD was found
to be 0.27%, illustrating the good reproducibility of the fab-
ricated Co-Nd/Al,0;@fMWCNTs/GCE sensor. Further-
more, stability (Fig. 16C) of the prepared sensor was also
examined for 3 weeks through evaluating 5 uM EP solution
response at interval of 1 week. The results show that the
preliminary DPV value was conserved up to 92%, 90% and
87%, respectively, at the first, second and third weeks.

Chemical interference investigation

The limit of tolerance was calculated by taking the highest
concentration of interfering analyte, which causes a rela-
tive error of nearly 5% in the EP detection. To examine the
selectivity of the EP sensor, interference studies were done
as shown in Fig. 16D. It was performed by means of DPV
through the addition of some interfering analytes such as
Na*, CI7, K*, NO;™, glucose, estradiol, para-amino phenol,
dopamine, uric acid and ascorbic acid in several folds in
0.1 M PBS (pH 7.0) at Co-Nd/Al,0; @fMWCNTs/GCE con-
taining a fixed concentration of 1 M EP. It was found that
the fabricated Co-Nd/Al,0;@fMWCNTs/GCE shows good
selectivity in the presence of several interfering substances
with a small change in anodic peak current of epinephrine.

Real sample analysis

In order to examine the analytical performance of the
designed electrochemical EP sensor in real samples such
as blood serum and urine, the Co-Nd/Al,O;@fMWCNTs
composite-modified GCE was tested for EP determination

Fig. 15 A Chronocoulomet-
ric response of 20, 50, 100, 3000 1000 B
200, 400, 600, and 800 uM on (A) (B)
Co-Nd/ALO;@MWCNTS/ 25001 800 uM 800 4
GCE. B Plot of Q vs t.!”2 - -~
02000 - Q
= 2600 -
029’1500 - E",‘ a0
£1000- 257
500 - R T 200 -
e
04 20 uM 0
T T T T T T T T T T T T
0 5 10 T.15 20 25 30 35 1 2 3"2 ”24 5 6
ime (s) Time" (s
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Fig. 16 A Repeatibilty, B repro-
ducibilty, C stability, and D 0.9 B
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Table 2 EP determination in blood serum and urine samples Conclusions

Samples Added (uM) Found (uM) Recovery RSD (n=3)
(%)

Urine 2 1.96 99.0 0.70
5.10 102.0 1.25
10 10.37 103.7 2.25
Blood serum 1 1.030 103.0 1.67
5 4.95 99.0 0.87
10 9.97 99.7 1.23

using the standard addition method (Table 2). The diluted
sample was taken, spiked with a known amount of EP solu-
tion, and by using DPV techniques, the electrochemical
response was calculated. Moreover, the recovery rate was
calculated using the equation (recovery rate (%)= (Found/
Added) X 100). The obtained results are presented in
Table 2. In blood serum sample, RSD was found in the
range of 0.87 to 1.67%, and the recovery rate was between
99.0 and 103.0%. Furthermore, urine samples displayed
an RSD of 0.70 to 2.25% and a recovery rate between 99.0
and 103.7%. Hence, the results obtained were satisfactory.
Furthermore, an RSD of less than 5% was obtained for the
sensing of EP, indicating that the modified Co-Nd/Al,0;@
fMWCNTSs/GCE can be adopted for EP determination in
blood serum and urine samples.

@ Springer

In this experiment, Co-Nd/Al,0;@fMWCNTSs’ nano-
composites were successfully synthesised through sim-
ple mechanical mixing and then, they were utilised in
the modification of GCE. On comparison with other
modified GCE, Co-Nd/Al,0;@fMWCNTs/GCE has
shown faster electron transfer and improved catalytic
behaviour for the detection of EP that might be due to
the synergistic effects of the synthesised Co-Nd bimetal-
lic nanoparticles, alumina nanoparticles and fMWCNTs.
According to EIS data, EP had the lowest charge transfer
resistance of 996 Q at the Co-Nd/Al,0;@fMWCNTs/
GCE surface. In relation to prior investigation, a lower
detection limit of 0.015 pM and a wide concentration
range of 0.2 to 14,000 uM were found using DPV. Using
chronocoulometry, surface coverage (T,) was calculated
to be 1.37 x 107® mol cm™? at Co-Nd/Al,0,@fMWC-
NTs/GCE. The electrochemical sensor based on fabri-
cated Co-Nd/Al,0;@fMWCNTs/GCE has demonstrated
high selectivity and most of the common interferents
do not affect in the quantitative EP determination. In
addition, the reported Co-Nd/Al,0;@fMWCNTSs/GCE
was employed to determine EP in blood serum and urine
samples with satisfactorily findings, signifying that the
as prepared nanocomposite might be highly useful in
electrochemical sensing.
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