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ABSTRACT

Recently, the multiferroic material has fabulous attention in numerous applications owing
to its excellent electronic conductivity, unique mechanical property, and higher electrocatalytic
activity etc. In this paper, we reported that the synthesis of bismuth ferrite (BiFeO3) nanosheets
integrated functionalized carbon nanofiber (BiFeO3; NS/F-CNF) nanocomposite using a simple
hydrothermal technique. Herein, the structural changes and crystalline property of prepared
BiFeOs; NS/F-CNF nanocomposite were characterized using Scanning electron microscopy
(SEM), Transmission electron microscopy (TEM), X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FT-IR), Raman spectroscopy and X-ray photoelectron spectroscopy
(XPS). From this detailed structural evolution, the formation-of nanosheets like BiFeO5 and its
nanocomposite with F-CNF were scrutinized and reported. Furthermore, the as-prepared
BiFeOs; NS/F-CNF nanocomposite modified glassy carbon electrode (GCE) was applied for
electrochemical detection of catechol (CC). As expected, BiFeOs NS/F-CNF/GCE shows
excellent electrocatalytic activity as well as 3.44 (F-CNF/GCE) and 7.92 (BiFeO3; NS/GCE)
fold higher electrochemical redox response for CC sensing. Moreover, the proposed sensor
displays a wide linear range from 0.003 to 78.02 uM with a very low detection limit of 0.0015
UM. In addition, we have validated the real-time application of our developed CC sensor in

different water samples.
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1. INTRODUCTION

Recently, Perovskite structured ferrite has been emerged as an attractive material in
different applications such as solar cell, supercapacitor, battery, sensor, fuel cell, hydrogen
evolution reaction (HER), and photocatalyst [1-6] because of their enhanced photocatalytic
activity, high electrical conductivity, excellent specific capacitance, good chemical stability and
non-toxicity. For more than two decades, many perovskite structured ferrites such as BiFeO;,
LaFeOs, PrFeOs;, EuFeOs;, and GdFeOs; have been successfully prepared and applied for
aforementioned applications. Among the different perovskite structured materials, BiFeOs is
one of the exclusive multiferroic material due to their possible coupling with a magnetic
moment, large polarization, more stability and excellent electrocatalytic property [7-10]. It
exhibits combined properties of both ferromagnetism and ferroelectricity with a band gap of
around 2.31 eV. Moreover, the diverse structure of BiFeOs; including nanoparticle [11],
nanofiber [12], nanoflake [13], nanoflower and nanorod [14-15] have been prepared by using
various techniques such as hydrothermal technique, sol-gel method, spray pyrolysis,
microwave assisted technique and electrospinning. In these all techniques, hydrothermal
synthesis is a promising method to prepare highly crystalline and uniform sized BiFeOs
particles with defined morphology [16]. Moreover, BiFeOs is used in potential applications
such as photocatalyst [17], memory storage [18], gas sensor [19], spintronic devices [20], optic
filter [21], energy storage [22] and solar cell [23] due to its remarkable low charge transfer
resistance, high specific capacitance, high photocatalytic activity, long cycle stability,
considerable electrical conductivity and chemical stability.

Recently, Ayan Sarkar et al. reported three dimensional BiFeO3; anchored with TiO, for
electrochemical energy storage and solar energy conversion with resultant high specific
capacitance and excellent photoconversion efficiency [24]. Mushtagsobhan et al. synthesized
BiFeO; nanofiber for O, sensing [25]. The structural studies of BiFeOs and its application in

energy storage and solar energy conversion are well documented but the electrochemical
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sensor application of BiFeOs for biomolecules is still demanding. Hence, we attempted to the
synthesis of nanosheets like structured BiFeO; and its application in the electrochemical sensor.
In addition, the combination of BiFeO; with carbon nanomaterials could believe as a possible
way to improve its electrocatalytic behavior.

For more than two decades, the carbon materials including graphite, graphene or reduced
graphene oxide, mesoporous carbon, carbon nanotube (CNT), fullerene (C60), carbon
nanofiber have been widely used as an effective supportive material because of their high
surface area, excellent electrical conductivity, exclusive electrocatalytic property and more
stability [26-28]. In recent times, CNF has much attention in numerous applications due to its
high strength, low density, high metallic conductivity and a larger surface to volume ratio than
CNT [29, 30]. Moreover, the CNF has cylindrical nanostructure with staking arrangement of
graphene sheets and more edge plane defects on'its outer wall, which offers effective electron
transfer of electroactive molecules [31]. Hence, it is used as an effective electrode material in
numerous applications including battery [32], supercapacitor [33] fuel cell [34] and solar cell
[35] etc. [36]. However, the insolubility of pristine CNF in water is considering as a major
problem for electrode preparation in all aforementioned applications. Recently, the
functionalization of CNF is a well-known phenomenon to improve its solubility and also
remove the catalytic impurities for enhancing the electrochemical properties by the generation
of more anchoring sites and surface reactive groups (carboxylic acid, hydroxyl, and carbonyl
groups) on the open end and side walls of CNF. Therefore, the functionalized CNF is a
promising carbon material to fabricate the electrode with enhanced electrochemical properties
for aforementioned applications.

In this work, we demonstrated the hydrothermal synthesis of BiFeOs; NS/F-CNF
nanocomposite and its application towards catechol sensing. In general, the two-dimensional
nanostructured materials are so favorable for the electrochemical sensor due to its high

electrocatalytic activity and the availability of large surface area [37]. Thus, the
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two-dimensional nanosheets structure of BiFeO3; and more active sites of F-CNF are available
for the preparation of an efficient electrode for electrochemical sensor. As expected, the
prepared nanocomposite exhibits better electrochemical response with resultant high sensitivity
and selectivity towards the sensing of catechol.

Catechol (CC) is an ortho isomer of benzenediols and classified as a type<of phenolic
compounds with a molecular formula of C¢H4(OH),. This colorless organic.compound occurs
naturally in fruits and vegetables such as banana, avocado, apple, potatoes, and onion [38]. On
other hands, the larger amount of CC (20000 tons/year) is produced industrially due to its wide
applications in pharmaceutical, cosmetics and agriculture, etc. [39]. Moreover, the CC is used
as an antioxidant in chemical, photographic, rubber, oil, and dye industries. During the
industrial production, the large amount CC was released into the environment. It causes some
side effects to human beings such as eye and skin burn, liver injury, paroxysm, and irregular
blood pressure [40]. And also, CC was found as an unsafe additive in cosmetics because the
continuous exposure of CC on the skin causes the eczematous dermatitis disease [41]. Even the
low concentration of catechol induces the DNA damage and affect the human blood cell by
changing the function of erythrocytes [42]. Noticeably, the oxidizing agents (enzymes in plants,
animals, and bacteria ex: catechol oxidase) oxidized the CC into benzoquinone and form the
stable complex with heavy metals, which are the main reason for the toxicity of CC. For
example, the DNA strand breakage causes due to the redox reaction between Cu (II) and CC
[43]. Hence, the US Environmental Protection Agency (EPA) classified the catechol as a toxic
pollutant [44]. For more than two decades, a variety of analytical techniques have been
followed to detect the catechol such as High-performance liquid chromatography [45], flow
injection [46], spectrophotometric [47], fluorescence [48] and electrochemical technique [49,
50]. Among the all, electrochemical technique is a fast, simple, low cost, good sensitivity, and
higher selectivity, easy to electrode fabrication and less time-consuming process to determine

the target analyte even at a very low concentration in contaminated water/soil/environment [51,
5



52]. As related to the electrochemical techniques, the other techniques have some drawbacks
such as high cost, very complex to sample preparation, and time-consuming methods. For the
aforementioned reason, the electrochemical technique is considered as a promising method to
sense catechol.
2. EXPERIMENTAL SECTION
2.1 Materials and reagents

Bismuth nitrate Bi(NO3);. SH,O, carbon nanofiber (CNF, D x L =100 nm x 20 -200 uM,
average pore volume = 0.075 cm® /g), ferric nitrate Fe(NO3);.-9H,0, citric acid, sodium
hydroxide (NaOH), nitric acid (HNOs3), ethanol and all other chemicals were purchased from
Sigma Aldrich. The supporting electrolyte 0.05 M phosphate buffer solution (PBS) (pH 7)
electrolyte solution was prepared by mixing of 0.05 M Na,HPO, and NaH,PO, and the pH of
the electrolytes solution was adjusted by NaOH/H,SO4. All chemicals reagents were of
analytical grade and were used without further purification.
2.2 Hydrothermal synthesis of BiFeO; NS/F-CNF nanocomposite

The nano-sheet structured BiFeO; NS/F-CNF nanocomposite was prepared by following
stepwise synthesis process. In the first step, the functionalization of CNF was carried out by
following acid treatment to enrich its electrical conductivity and solubility by introducing the
oxygen functional groups. In the typical experiment, 1 g of CNF was added to the 40 mL of
HNO5/H,SO, (1:3) acid mixture at 50°C for 8 hr with continuous magnetic stirring. Then, the
resultant CNF solution was centrifuged and washed with the obvious amount of DD water until
the pH value attains around 7. Finally, the resultant product was dried in vacuum oven for
overnight [69, 70].

In the second step, BiFeO3; NS was prepared by using hydrothermal synthesis method. In
this process, 0.2 M of Bi(NO3);.5H,0, 0.2 M of Fe(NO3)3.9H,0, F-CNF (1 mg/1 mL) were
prepared in 50 mL of DD water and kept in magnetic stirring for 15 min. Afterwards, 2 mL of

2 M of HNOs and 0.2 M of citric acid in 5 mL of DD water were prepared and added to the
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above mixture. The obtained black solution was transferred into stainless steel Teflon lined
autoclave and kept in 200° C for 6 hr. After the temperature treatment, the autoclave was
allowed to cool at room temperature. The final product was gathered using a centrifuge
allowed for many time washing with ultra-pure water and absolute ethanol, final product was
dried in vacuum oven at 70 °C. The BiFeO3 NS was also prepared by following the same above
procedure without F-CNF for electrochemical comparison studies.
2.3 Characterization

Scanning electron microscopy (SEM) was performed using-Hitachi S-3000 H electron
microscope. TEM (JEOL 2100F) was used to investigate the morphology and nanostructure of
nano-sheet BiFeOs;/F-CNF. XRD characterization was carried out using XPERT-3 diffract
meter with Cu Ka radiation (K= 1.54 A). Fourier transform infrared spectroscopy (FTIR)
measurement was recorded using JASCO.FT/IR-6600. Raman spectroscopy was a recorded
using WITech CRM200 confocal microscopy Raman system with a 488 NM laser. The
chemical state of Bi, Fe, and O was recorded using X-ray Photoelectron Spectroscopy (XPS,
Thermo scientific multi Jab. 2000). Electrochemical impedance spectroscopy (EIS) was
performed using IM6ex ZAHNER impedance measurement unit. The cyclic voltammetry (CV)
and differential pulse voltammetry (DPV) studies were performed using CHI750A
electrochemical analyzer. The conventional three-electrode system was utilized in these all
electrochemical studies. The glassy carbon electrode (GCE) was used as a working electrode, a
saturated Ag/AgCl electrode as a reference electrode and a platinum wire as the auxiliary

electrode. All the electrochemical measurements were carried out at room temperature.
2.4. Fabrication of BiFeO3 NS/F-CNF modified GCE

The BiFeO3; NS/F-CNF dispersion was prepared by dispersing of 1 mg BiFeOs; NS/F-CNF
in 1 mL ethanol and sonicated for 15 min. Subsequently, as prepared 6 uL of BiFeOs;

NS/F-CNF suspension was drop cast on GCE surface and dried in the oven at 45 C. After that,



the dried GCE was gently washed with DD water to remove the loosely bounded molecules on
the GCE surface. Finally, the obtained BiFeO; NS/F-CNF modified GCE was used for further
electrochemical studies.
3. RESULT AND DISCUSSION
3.1 Characterization of BiFeOs NS/F-CNF nanocomposite

The morphological studies were recorded for as prepared BiFeO; NS/F-CNF
nanocomposite using SEM and TEM analysis. Fig. 1(A) displays the clear SEM image of
two-dimensional nanosheets like a structure of BiFeOs; formed in following hydrothermal
synthesis. In general, two-dimensional nanomaterials exhibit high electrocatalytic activity,

which is so favorable for an efficient electrochemical sensing of phenolic compounds.
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Fig. 1 SEM images of (A) BiFeO3; NS (B) F-CNF and (C, D) BiFeO3; NS/F-CNF.
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Fig. 1(B) shows the fiber-like structure of carboxylic acid functionalized CNF. In acid
treatment, the length of the CNF was shortening with least side wall damages, which facilitate
high-level solubility of CNF in water [53]. To enrich the electrochemical activity of BiFeOs NS,

which was hydrothermally integrated with F-CNF.
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Fig. 2 TEM images of (A, B) BiFeO; NS (C, D) F-CNF and (E, F) BiFeO3; NS/F-CNF.



The formation of this new type of nano-composite was strongly confirmed by observing
the Fig. 1(C, D). It clearly shows that the BiFeOs; nanosheets were fully surrounded by F-CNF.
To provide the strong evidence for nanosheets formation of BiFeO; and its nanocomposite,
TEM analysis also was recorded. Fig. 2(A, B) shows the different magnified TEM images of
transparent BiFeOs nanosheets. Thus, the average diameter of the nanosheets was founded as
416.75 nm as shown in Fig 2(B) (insert). Furthermore, Fig. 2(C, D) show the different
magnified TEM images of F-CNF. It clearly displays that the surface of F-CNF with stacking
arrangement of graphene sheets. The open end of F-CNF was formed in'acid treatment, which
enhances its solubility. In addition, the average diameter of the F-CNF also measured to be
90.54 nm (Fig.S1). Fig. 2(E, F) show the TEM images of BiFeO; NS/F-CNF nanocomposite.

The result evidently confirms the effective integration of BiFeO3; NS and F-CNF.
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Fig. 3 XRD pattern of BiFeO3 NS, F-CNF and BiFeO3; NS/F-CNF nanocomposite.

The crystalline phase of BiFeOs; nanosheets and BiFeOs; NS/F-CNF nanocomposite was
confirmed by XRD analysis. The several major diffraction peaks were observed at 247 32°

36.6°,40.9° 46.7°,49.7°, 54.2°, 55.1 " and 58.6° with corresponding lattice planes such as (012),
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(104), (110), (006), (202), (024), (116), (122), (018) and (224) as shown in the Fig. 3. The
XRD pattern confirmed the rhombohedra perovskite structure of BiFeOs nanosheets with R3¢
space group. The obtained XRD pattern of BiFeOs NS is strongly assigned to the standard data
(JCPDS NO: 20-0169) [24]. Moreover, the sharp diffraction peaks are indicating the high
crystalline purity of BiFeOs nanosheets. Fig.3 (insert) shows the clear XRD pattern of F-CNF
with major diffraction peak at 20 = 25 “and 43.6 *for corresponding lattice plane (002) and (110)
respectively. The successful formation of the nanocomposite was confirmed by observing the
diffraction peaks of both BiFeOs; nanosheets and F-CNF in XRD- pattern of nanocomposite.
There are no other peaks were observed related to bismuth oxide, which confirms that the

prepared BiFeO; NS is pure.
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Fig. 4 FTIR spectra of BiFeO3; NS, F-CNF and BiFeO; NS/F-CNF nanocomposite.

FT-IR spectroscopy is known as a promising technique to understand the formation of
nanocomposite with respect to the resultant vibrational and stretching band for corresponding

functional groups. The FT-IR spectrum of BiFeO; nanosheets, CNF and BiFeO; NS/F-CNF
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nanocomposite are shown in Fig. 4. The FT-IR spectra of BiFeOs nanosheets with a broadband

at 3411.86 cm’™ for asymmetric and symmetric stretching of bond H,O and OH. The band at

1627 cm-1 was observed due to the bending vibration of H,O. The octahedral FeOg groups in

the perovskite compounds exhibit the band at 548.38 and 433 cm-1 for corresponding Fe-O

stretching and O-Fe-O bending vibrations [9]. The FT-IR spectra of F-CNF with the

characteristic bands at 1720, 1047 and 1227 cm-1 for corresponding oxygen functional groups

C=0, C-OH and C-O-C respectively. It implies the successful carboxylic acid functionalization

of CNF [56]. The corresponding maximized FT-IR spectrum of F-CNF is shown in Fig. 4
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Fig. 5 (A) The full XPS scan and high resolution of BiFeOs NS, XPS spectra of (B) Bi 4f, (C)
Fe 2p and (D) O 1s.

For the comparison, Fig. S2 shows the FT-IR spectrum of pristine CNF with weakly observed
peaks. Thus, the introduction of oxygen functional groups in acid treatment can effectively
enhance the solubility of CNF. Moreover, the formation of BiFeO; NS/F-CNF nanocomposite
due to the presence of corresponding bands of both BiFeOs and F-CNF in FT-IR pattern of the
nanocomposite. The Raman analysis also evidently confirms the functionalization of CNF
through the variation in the relative intensity of D band and G band. The Raman spectra of
both CNF and F-CNF (Fig. S3) exhibit two well-defined D band and G band at 1368 cm” and
1617 cm™ respectively. In general, the D band ascribed due to disordered (sp> bonded sites)
nature of the graphitic structure and G band is due to the C-C stretching in a graphitic material.
The Raman spectra of F-CNF shows the increasing intensity of D band due to the formation of
defect on the surface of CNF during functionalization process. The intensity ratio of the D band
to the G band (Ip/Ig) is often used to estimate the defect concentration in carbon materials. The
In/Ig ratio of CNF is 0.42 lower than 1.78 of F-CNF are confirming the functionalization
process.

The electronic state of the elements in BiFeOs; NS was successfully analyzed using XPS
technique and demonstrated in Fig. 5. Herein, Fig. SA shows the survey spectrum of BiFeOs
NS with major characteristic peaks of Bi, Fe and O elements, where the peak of C is a
reference. It strongly confirms the BiFeO; NS contains Bi, Fe and O element in near-surface
range. Fig. 5(B-D) show the high-resolution XPS spectra of Bi 4f, Fe 2p, and O 1s respectively.
The XPS spectra of Bi 4f shows the two major peaks at a binding energy of 158.62 and 163.52
eV for corresponding Bi 4f7,, and Bi 4fs, states respectively. In addition, the XPS spectra of Fe
2p shows the peak at 711.06 for Fe 2ps; state and the transition peaks on higher energy state at
723.44 are strongly assigned to Fe 2p;, state. The two satellite peaks at 718.62 is strongly

indicated the divalent state of Fe in BiFeOs; NS. The XPS spectra of O 1s was classified into

13



three components peak such as OI, OIl, and OIII respectively. In general, OI due to the BE of
oxygen adsorbed to the transition metal, OII is assigned to low coordinated surface oxygen
ions and OIII represent the surface contamination. Thus, XPS analysis confirms that the
formation of BiFeO3 NS and the distribution of Bi, Fe, and O with corresponding electronic

states, which is good agreement with other previously reported literature [68].
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Fig. 6 EIS curve of bare GCE, BiFeO; NS, F-CNF and BiFeO3;/F-CNF in 5 mM of
[Fe(CN)6]3'/4' contain 0.1 M of KCl in the frequency range from 0.1 Hz to 100 kHz. Inset: (a)
High magnified image of EIS curves (b) Randles circuit model.

3.2 Electrochemical property of BiFeOs NS/F-CNF/GCE

Electrochemical impendence spectroscopy (EIS) is a versatile method to characterize the
electrical properties of electrode materials and measure interfacial properties between electrode
surfaces and electrolyte. Fig. 6 shows the EIS curve of bare GCE, BiFeO3;/GCE, F-CNF/GCE
and BiFeO3; NS/F-CNF/GCE in 5 mM of [Fe(CN)6]*"* containing 0.1 M KCl in the frequency
range from 0.1 Hz to 100 kHz at an AC applied a potential of 10 mV. The obtained results are
represented in the form of Nyquist plots. The impedance data were fitted to the Randles circuit
shown in the inset of Fig. 6, where R is charge transfer resistance, R; is electrolyte resistance,

Zy, is Warburg impedance and Cq is double layer capacitance. In the Randles circuit, the Rct
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and Warburg impedance can be found to be parallel to Cq which results in a semicircle in the
Nyquist plots. The diameter of the semicircle is equal to the R, value which is revealing of the
electron transfer kinetics of the redox probe at the electrode/electrolyte interface. The
impedance data of GCE, BiFeOs;/GCE, F-CNF/GCE and BiFeO; NS/F-CNF/GCE show two
distinct regions viz. a linear part at low-frequency region and semicircular < part at
high-frequency region. The semicircle corresponds to the electron transfer process, and its
diameter is equivalent to the charge transfer resistance (R.). The linear part at lower
frequencies corresponds to a diffusion-limited process. From the-experimental results, the R
value of GCE, BiFeO3/GCE, F-CNF/GCE and BiFeO; NS/F-CNEF/GCE were calculated about
95 Q, 107.89 Q, 2 Q and 16 Q, respectively. Thus, the integration of F-CNF effectively
enhances the low charge transfer resistance of the reported nanocomposite modified GCE.

In addition, the CV technique also was recorded to calculate the electron transfer kinetics and
active surface area of BiFeO3; NS/F-CNF/GCE based on basic electrochemical redox process of
[Fe(CN)e]>™. Fig. S4 (A) displays the CV profile of bare GCE, BiFeOs/GCE, F-CNF/GCE
and BiFeO; NS/F-CNF/GCE in 5 mM of [Fe(CN)s]*"* contains 0.1 M of KCI at 50 mV s
Herein, BiFeO3; NS/F-CNF/GCE shows the higher reversible redox peak current response with
lowest peak potential separation (AEp = 0.106 V). As the result of this experiment, the lowest
value of "AEp and higher redox peak current response are indicating that BiFeOs;
NS/F-CNF/GCE has faster electron transfer kinetics than that of other modified electrodes. In
addition, the active surface area of BiFeO; NS/F-CNF/GCE was studied in [Fe(CN)6]3'/4' by
varying scan rate from 10 to 100 mV s as shown in Fig. S4 (B), which clearly shows the
increasing redox peak current response by increasing scan rate. The corresponding linear
calibration was plotted for the square root of the scan rate vs. redox peak current and shown in
Fig. S4 (C), It indicates that the overall electrochemical redox process of [Fe(CN)¢*™ is a
diffusion controlled process. Finally, the active surface area of the modified electrodes was

calculated by using the Randles-Sevick equation:
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I, =2.69 x 105 AD"n"*y"* C (1)

Where I, is the peak current, D is the diffusion coefficient of ferricyanide solution (cm2 s'l), n
is the number of electron transfer (n = 1), y is the scan rate (V s') and, C is the concentration of
ferricyanide in bulk solution. By using the Eq. (1), the active surface area was calculated to
be 0.033, 0.080, 0.093 and 0.110 cm? for bare GCE, BiFeOs/GCE, F-CNE/GCE and BiFeO;
NS/F-CNF/GCE respectively. Thus, BiFeOs; NS/F-CNF/GCE is found-as a suitable electrode
material with higher electron transfer kinetics and higher active surface area, which can offer
the excellent electrochemical activity towards the electrochemical detection of CC.
3.3 Electrochemical behavior of BiFeO3; NS/F-CNF/GCE nanocomposite towards the detection
of CC

The electrochemical behavior of BiFeO; NS/F-CNF nanocomposite modified GCE was
studied and compared with other modified electrodes using CV technique. Fig. 7(A) shows the
CV curve of BiFeO; NS/F-CNF/GCE, BiFeO3;/GCE, F-CNF/GCE and bare GCE with the
presence of CC (100 uM)-in N, saturated 0.05 M PBS (pH 7) at a scan rate of 50 mVs™. The
result of this experiment, BiFeO; NS/F-CNF/GCE exhibits enhanced lower oxidation (E,, =
0.25) and reduction potential (Epc = 0.18) with higher anodic (I;, = 49.73) and cathodic peak
current (Ipe = 32.6) for sensing of CC, which is 3.44 and 7.92 fold higher redox current
response_when compared to the other modified electrodes such as F-CNF and BiFeOs; NS
modified GCE. The two-dimensional nanostructure of BiFeO; NS and the presence of more
active edge sites of F-CNF can facilitate the electrocatalytic activity for BiFeO; NS/F-CNF
nanocomposite modified GCE. Herein, the electronic structure of Fe ions (coordinately
unsaturated d orbitals because of the missing oxygen legends) into consideration, one may
expect a high sensitivity in BiFeOs because the dangling bonds can provide geometrically and
electronically favorable sites for molecule chemisorption, which is an important prerequisite

for sensing property of BiFeO; towards the detection of CC [77]. Whereas the CC interacts
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with F-CNF surface through the hydrogen bonding between their hydroxyl groups and also the
7- T interactions between the aromatic moieties [78]. Therefore, the combine sensing properties
of BiFeO; and F-CNF facilitate the excellent electrochemical detection of CC.

We have also examined the electrochemical redox behavior of BiFeO; NS/F-CNF with
presence and absence of CC (100 uM) as shown in Fig. 7(B). In absence of CC; there is no
redox response was observed at BiFeO; NS/F-CNF. It reveals that the BiFeO; NS/F-CNF
modified GCE electrode is electrochemically inactive at a particular-potential window. On
other hands, the sharp redox response was observed for the presence of CC (100 uM). The
result scrutinized that the as reported BiFeO3; NS/F-CNF modified GCE electrode is a suitable
active electrode material for sensing of CC. The possible electrochemical redox mechanism is

also shown in Scheme 1.

HO o)

HO (0] + 2H" + 2¢

Catechol 1.2-Benzoquinone

Scheme 1. The electrochemical mechamism of cathecol
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Fig. 7 (A) CV behavior of bare GCE, BiFeOs; NS/GCE, F-CNF/GCE and BiFeO;
NS/F-CNF/GCE in the presence of CC (100 uM) containing N, saturated 0.05 M PBS (pH 7)
at a scan rate of 50 mVs™, (B) Presence and absence of CC (100 uM) at BiFeOs; NS/F-
CNF/GCE in N, saturated 0.05 M PBS (pH 7) at scan rate of 50 mVs”, (C) CV curve of the
BiFeOs; NS/F-CNF/GCE in N saturated 0.05 M pH 7.0 containing CC (100 uM) by varying
scan rate from 10 to 100 mVs™, (D) The calibration plot for scan rate vs. oxidation and

reduction peak current.

Fig. 7(C) implies the scan rate dependent electrocatalytic behavior of BiFeO; NS/F-CNF
modified GCE in N, saturated 0.05 M PBS (pH 7) solution containing CC (100 uM) by
varying scan rate from 20 to 200 mVs'. As expected, the linear increment of redox peak
current I, and I, were observed for increasing scan rate. Thus, we concluded that the redox

peak current of CC is linearly dependent on varying scan rate.
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Fig. 8 (A) CV curve of BiFeOs; NS/F-CNF/GCE by varying the concentration of CC (0-180
uM) in N, saturated 0.05 M PBS (pH 7) at scan rate of 50 mVs, (B) The effect of pH (3-11)
of the electrolyte solution at BiFeO3;/F-CNF/GCE with presence of CC (100 uM). (C) The
corresponding calibration pH vs. plots of oxidation peak potential and (D) pH vs. oxidation

peak currents.

Herein, the linear regression plot was drawn for the scan rate vs. oxidation and reduction peak
current of CC with regression equations as I, (WA) = 0.653 A/mVs™ +27.061 pA (R*=0.9904)
and I (uA) =-0.6126 A/mVs'! - 21.04 HA (R2:O.9906) as shown in Fig. 7(D). The results
indicate that the electrochemical behavior of CC at BiFeO; NS/F-CNF modified GCE is a
typical surface controlled diffusion process. Fig. 8(A) shows the CV curve of BiFeOs;
NS/F-CNF modified GCE for varying the concentration of CC from 0 to 180 uM in N,

saturated 0.05 M PBS (pH 7) at a scan rate of about 50 mVs™. The significant electrocatalytic
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activity of modified BiFeOs; NS/F-CNF modified GCE can understand by observing the linear

increment in redox current for the addition of CC.
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-0.2 ' 0.0 ' 0?2 ‘ D:4 ' 0.6
E/V vs. Ag/AgCI
Fig. 9 DPV response of BiFeOs; NS/F-CNF/GCE in N, saturated 0.05 M PBS (pH 7) with

successive addition of various CC ranging from 0.003 to 145.91 uM. Inset: the corresponding
liner regression plot for concentration vs. anodic current.

Moreover, we have studied the influence of the pH of electrolyte towards the
electrochemical sensing of CC at BiFeOs; NS/F-CNF modified GCE. Fig. 8(B) shows the CV
curve of BiFeO3; NS/F-CNF modified GCE for the addition of CC (100 uM) in N, saturated
0.05 M PBS (pH =3,5,7,9 and 11) at scan rate of 50 mVs™. From this Fig. 8(B), the anodic
and cathodic peak potentials are shifted towards the direction of negative potential upon
increasing the pH from 3 to 11. The result indicates that the protons are involved in the
oxidation of CC. Moreover, Fig. 8(C) shows the linear regression plot was drawn for pH vs.
oxidation potential (Ep,) with the calculated slope value of 45.7 mV pH™, which is relatively
close to an anticipated Nernstian value of 59 mV pH'1 at 25°C for an equal number of proton
and electron transfer process. In addition, the Fig. 8(D) shows regression plot for pH vs.

oxidation current (Ipa) of CC. In this plot, the maximum oxidation peak current observed for
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pH 7 compared to another pH of the solution. Hence, the pH 7 was selected as an optimum pH
level of electrolyte solution for electrochemical sensing of CC.

Differential Pulse Voltammetry (DPV) technique was performed to provide the sensitive
electrochemical behavior of BiFeO; NS/F-CNF modified GCE. It is considered as an extensive
analytical technique method to determine the primary electrochemical parameters such as the
limit of detection (LOD), linear range and sensitivity, which are reveals the relative
electrochemical activity of modified electrodes. Hence, DPV technique was employed for the
electrode in N saturated 0.05 M PBS (pH 7). The Fig. 9 shows the DPV curve with the linear
increment of oxidation peak current (I,,) over the addition<of CC from 0.003 to 145.91 uM.
The linear quation for the calibration plot is 7 (pA)=1.6728 +2.686 C (uM) and the R” is
0.9943 (Fig. 9(inset)). The sensitivity of the sensoris 15.20 uAuM™ cm™ and was calculated
using the slope of the calibration plot/electrochemically active surface area (0.11 cm?) of the
BiFeO3/F-CNF/GCE. Finally, the limit of detection (LOD) of CC at BiFeOs; NS/F-CNF
modified GCE was calculated to'be 0.0015 uM. Moreover, the analytical parameters such as
LOD and linear range of BiFeO3; NS/F-CNF modified GCE towards the sensing of CC were
compared with other reported modified electrodes as shown in Table 1. From the comparison
table, BiFeO3; NS/F-CNF modified GCE was found with very low LOD, which indicates that
the BiFeO3; NS/F-CNF modified GCE is an effective electrode for electrochemical detection of
CC.

3.4 Selectivity and stability of proposed sensor

Selectivity and stability are important factors for a unique electrochemical sensor. In order
to observe the selectivity of CC at BiFeOs; NS/F-CNF modified GCE, which was tested using
DPV technique in N, saturated 0.05 M of PBS (pH 7). A typical error analysis was calculated
for 10 pM of CC and the addition of other electroactive interferences such as hydroquinone
(HQ), resorcinol (RS), 4-aminophenol (4-AP), dopamine (DA), 2-aminophenol (2-AP),

2-chlorophenol (2-CP) and phenol (Ph) as shown in the Fig. SS. There is an only negligible
21



percentage of error was observed for addition of interfering compounds. Hence, BiFeO3
NS/F-CNF modified GCE was identified as a sufficient electroactive material for selective
sensing of CC. Furthermore, BiFeO; NS/F-CNF composite modified GCE electrode was
exposed to stability test in N, saturated 0.05 M PBS (pH 7) containing 100 uM of CC at'a scan
rate of 50 mVs "' for 100 consecutive cycles as shown in Fig. S6 (A). The reported BiFeO3
NS/F-CNF composite modified GCE exhibits 87.5 % of its initial oxidation current at 100™
cycle which indicates the unique stability of BiFeOs; NS/F-CNF composite modified GCE
towards the electrochemical sensing of CC.
3.5 Reproducibility, repeatability and Storage stability of proposed sensor

To investigate the reproducibility of as reported sensor, five individual BiFeO;
NS/F-CNF composite modified GCE electrodes were prepared and subjected to individual CV
measurement with the presence of CC (100 uM). In result, the unique reproducibility of the
reported sensor was found by recording the RSD value about 2.78 % and the corresponding bar
diagram is shown in Fig. S6 (B). Moreover, repeatability of the sensor was analyzed for
single BiFeOs; NS/F-CNF . composite modified GCE by performing ten successive
measurements using CV in N, saturated 0.05 M PBS (pH 7) containing CC (100 pM) at a scan
rate of 50 mV/s. As a result, the RSD examined to be 2.5 %, which illustrate the better
repeatability of BiFeOs; NS/F-CNF composite modified GCE towards CC sensing. The
corresponding bar diagram is shown in Fig. S6 (C). Storage stability also recorded for the
reported sensor, which was stored in N, saturated 0.05 M PBS (pH 7) for 15 days. The
continuous measurement was carried out and monitored the variation in oxidation current of
CC for the three-day interval. The reported sensor exhibits its 85.6 % of initial oxidation
current after 15 days storage which indicates the appreciable storage stability of the BiFeOs
NS/F-CNF composite modified GCE. The corresponding bar diagram is shown in Fig. S6 (D).

3.6 Real time application
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The practical applicability of BiFeOs; NS/F-CNF modified GCE was also analyzed using
DPV techniques. For this experiment, tap and river water were collected and used as the real
samples without any pretreatment. Each sample were tested for five times (n = 5). Further, the
experiment was performed by adding tap and river water without containing CC-in N,
saturated 0.05 M PBS (pH 7). There is no obvious response was recorded. Afterwards, the
known concentrations of CC were spiked into the water samples then directly used for real
sample analysis. Here, the standard addition method was followed to measure the recoveries.
In result of this experiment, the CC spiked real samples were effectively estimated by BiFeOs
NS/F-CNF modified GCE. The obtained recovery values are ranging from 97.5 to 105 % and
presented in Table 2. The appreciable result implies that the reported BiFeO; NS/F-CNF
modified GCE is a promising electrode material for electrochemical sensing of CC was proved
in real sample analysis.

4. CONCLUSION

In conclusion, we have prepared BiFeOs; NS/F-CNF nanocomposite using a hydrothermal
method and used as an electrode material for electrochemical sensing of CC. numerous
techniques such as SEM, TEM, XRD, FTIR, and EIS were performed to characterize the
surface morphology, crystallinity and other physio-electrochemical properties of BiFeOs
NS/F-CNF nanocomposite. Moreover, CV and DPV techniques were used to analyze the
electrocatalytic activity of BiFeOs; NS/F-CNF nanocomposite modified GCE towards the
sensing of CC. In result, the reported sensor exhibits the selective determination of CC with the
ultra-low detection limit of CC than previously reported works. The substantial practical
applicability of reported sensor also was examined in the water sample.
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Table 1: Comparison of different modified electrode for electrochemical sensing of CC.

Tables

LOD
Electrode Linear range (uM) Reference
(M)
GO@PDA-AuNPs 0.3-67.55 0.015 [54]
Cu-PPy 0.05-1000.0 0:010 [55]
Auw/Ni(OH),/rGO 0.4-33.8 0.13 [56]
Au-G/GCE 1.0-100.0 0.15 [57]
3-APBA-PTCA-CNTs 0.5-30.0 0.1 [58]
ZnS/NiS @ZnS/L-C/AuNPs 0.5-400.0 0.071 [59]
GR-TiO; 0.5-100.0 0.087 [60]
NCNT@CNF 0.08-350.0 0.02 [61]
GO-M-MnO, 0.03-1.0 10.0 [62]
Fc/APTMS/GO 3.0-112.0 1.1 [63]
CNF-Bi 3.0-20.0 0.2 [64]
CNCS-RGO 1.0-400.0 0.4 [65]
GNPs/CNF/Au 5.0-350.0 0.36 [66]
CePO, 0.20-40.0 0.10 [67]
MWCNT-NF-PMG 0.03-1.19 5.8 [71]
PM-AuNPs 0.5-175.5 0.011 [72]
GO@PDA-AuNPs 0.3-67.55 0.015 [73]
AC 0.005-0.1 0.002 [74]
GR/CNF/SPCE 0.2-209.7 0.085 [75]
GO/PM 0.03-138 0.008 [76]
BiFeO;/F-CNF 0.003-78.02 0.0015 This work




Table 2. Determination of CC in different water sample using BiFeO; NS/F-CNF modified
GCE (n=5)

Added Found Recovery RSD
Sample

(uM) (uM) (%) (%)

Tap water 2 1.96 98 4.86
4 4.02 100.5 3.45

6 5.85 97.5 3.66

River water 2 2.06 103 2.48
4 4.2 105 3.62

6 5.91 98.5 1.25




