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Abstract

In the present project work, efforts have been made to synthesize non noble metal oxide-based
nanostructures (Zn0) through hydrothermal method using green chemical plant extract as a reducing
agent. The synthesized metal oxide was characterized using various spectroscopic techniques like UV-
Vis, FTIR, XRD, and also electrochemical techniques. Further, the well characterized nanoparticles have
been used in the fabrication of thin film electrode on the surface of rigid glassy carbon electrode through
simple drop casting method. Finally, the developed sensor electrode was used in the electrochemical
sensing of Dopamine as a model system at trace concentration level.
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Introduction

An electrochemical biosensor is a device for the detection of an analyte that combines
biological component with a detector component [1]. It combines a biochemical recognition
(binding element) with signal conversion unit (transducer). The three major components
of electrochemical biosensor are the sensitive biological element, the transducer and the
bio-receptor [2,3]. The sensitive biological element could be nucleic acids, antibodies or
nanomaterials, the transducer which acts as an interface, measuring the physical change
that occurs with the reaction at the bio-receptor and then transform into a easily measurable
electrical output [4,5]. The detector element which senses the signals from the transducer
are passed to an amplifier where they are amplified and analysed [6]. Zinc oxide is one of
the widely studied best metal oxides and it is relatively bio-safe and biocompatible which
is suitable for various sensor applications. The dimensions of ZnO nanostructure can be
engineered to the size of biochemical species being sensed which make ZnO as an excellent
primary transducer for producing sensitive and selective electro signals [7].

The main objectives of the project work were:

1. To develop green chemical synthetic route for the synthesis of Zinc oxide
nanoparticles.

2. To characterize the synthesized ZnO using UV-Vis, IR, XRD and Cyclic Voltammetry
3. To fabricate thin film sensor electrode.

4. 4. To evaluate electro-analytical applicability of the fabricated thin film sensor
towards the detection of dopamine.

Materials and Methods

Preparation of preparation of green chemical plant extract

The leaves of the tree Muntingia Calabura L. were collected (common names: Jamaica
cherry, strawberry tree. The leaves were washed with water to clean them. Then the leaves
were dried in shade and thoroughly crushed into a fine powder. The fine powder of leaves was
taken in a flat-bottomed flask and water was added so to get slurry. This was heated up to a
temperature 60 °C on a sand bath to an extent of 2h. The contents were cooled and filtered to
get only the liquid extract. This liquid was heated at 60 °C again for 1 hour to get pure extract.
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Synthesis of zinc oxide nanoparticles through

hydrothermal method

The ZnO nanoparticles are prepared through the following
hydrothermal method. Briefly, 4ml of zinc nitrate (precursor) was
mixed with 2ml of plant extract to which 40ml water and 5ml PEG
were added in such a way that the volume of solution should be
60% of the volume of reactor vessel. The hydrothermal reactor was
subjected to heat treatment at 160 °C for 5h. The contents of the
reactor were then transferred into a pre-cleaned beaker and taken
for centrifugation. The solution was put in centrifugation tubes and
centrifugation was carried out in batches of 15 minutes each at
11000rpm. The solid particles retrieved were dried in hot air oven
for 5 hours and subsequently calcinated for 2 hours at 400 °C and
then for 4 hours at 500 °C. The resulting ZnO nanoparticles were
stocked in airtight contained.

Characterization studies

After the synthesis of zinc oxide by solution based hydrothermal
method using green chemical extract, they were well characterized
with the aid using the following techniques in order to obtain
primary information regarding to the formation of zinc oxide
nanoparticles from zinc nitrate precursor. The raw material
weighed depending on respective percentages and then it is mixed
with magnesium phosphate cement slurry (percentage of addition

of binder is varied to analyze better properties), Water is added
(up to 4 to 6wt%) to the mixture and poured inside the mould
of different shapes and allowed for vibration for few min. Due to
vibration aggregates and matrix occupies the shape of the mould
and it is then allowed to cure. After curing, in order to remove the
moisture, it is dried for 5 hours at 110 °C. After drying it is sintered
at temperature of 1300 °C to 1500 °C to provide strength. It is being
tested for analysis of physical, mechanical and thermal properties.

The characterization of ZnO nanoparticles was done by
following methods.

A.  X-Ray Diffraction (XRD)

B UV-Vis spectroscopy (UV)

C.  Fourier Transform Infrared Spectroscopy (FT-IR)
D

Cyclic voltammetry (CV)
Result and Discussion

XRD results

The crystalline size and basic properties of the ZnO
nanoparticles were studied by using X-ray diffraction technique.
The X-ray diffraction pattern of ZnO nanoparticles prepared in the
present study and diffraction pattern of standard ZnO are shown in
Figure 1a & 1b, respectively.
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Figure 1: XRD pattern of synthesized ZnO nanoparticles.

The XRD pattern of ZnO showed various diffraction peaks
located at 31, 34.4, 36.1,47, 56, 63, 67, 68, 69 and 72. 26 values and
can be assigned to the (100),(002),(101),(102),(110),(1
03),(200),(112)(201)and (20 4) planes respectively. This
result is in good agreement with the JCPDS Card No.36-1451. This

confirms the formation of ZnO nanoparticles from the zinc nitrate
precursor molecule. The sharp diffraction peaks clearly indicate the
as synthesized ZnO are in pure crystalline form and also confirm its
hexagonal wurtzite structure [8] (Figure 2).

COJ Rev & Res

Copyright © Prakash Binnal



COJRR.000554. 3(1).2021

1200

1000

800

800~

Intensity (a.u)

400

200—

0 1l

Zn0O
JCPDS No: 36-1451

I
40.0

20 (degree)

Figure 2: XRD pattern of ZnO nanoparticles (JCPDS:36-1451).

UV-Vis spectroscopy (UV-Vis)

The UV - vis spectrum of zinc nitrate and zinc oxide were
recorded in liquid phase and compared in order to confirm the
formation of ZnO nanoparticles from zinc nitrate band through blue
shift conceptand also the nano - dimensionality of ZnO. The samples
to record UV-vis spectrum were prepared by dispersing 10 mg/ml
zinc oxide and zinc nitrate in water through ultra-sonication and

then by transferring it into a cuvette. The absorption spectra of zinc
nitrate hexahydrate showed a band at 300nm (Figure 3) whereas
the spectrum of zinc oxide (Figure 3) showed an absorption band
at 373nm. The band at 373nm is the characteristic for ZnO. This
clearly indicates the formation of ZnO from zinc nitrate during
hydrothermal process. Further, the shift of band from 300nm to
373nm confirms the nano - dimensionality of ZnO nanoparticles

[9]-
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Figure 3: UV Spectra of synthesized ZnO nanoparticles.

Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectra of ZnO nanoparticles have been recorded by
using KBr pellet method. The samples were prepared by the hand
mixing of IR grade KBrand ZnO in the proportion 1:3. Figure 4 shows
the FTIR spectrum of ZnO NPs. The peak at 443cm™ is assigned
to Zn-O stretching vibrational mode of ZnO. The additional peaks

observed at 1630cm™ and 3446cm™ may be due to O-H bending and
stretching frequency of H,0 molecules. The peak at 1012cm™ could
be assigned to C-O stretching. Figure 4 shows the FTIR spectrum
of zinc nitrate, the peak at the 783cm™ could be assigned to the
absorption of Zn-N. The absence of zinc nitrate in case of IR spectra
of ZnO and absence of Zn-0 in case of IR spectra of zinc nitrate
clearly confirms the formation of zinc oxide nanoparticles [10].
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Figure 4: (a) FTIR spectra of Zinc nitrate (b) FTIR spectra of synthesized ZnO nano particles.

Cyclic voltammetric studies: Sensing of dopamine

Figure 5 shows Cyclic Voltammetric profile of (a) Glassy carbon
electrode in the absence of DA, (b) Bare glassy carbon electrode
(GC) in presence of DA and (c) Modified glassy carbon electrode
in presence of DA. The figure depicts the CV voltammogram of ZnO
modified glassy carbon electrode in the absence of dopamine (a),
bare glassy carbon electrode (b) and ZnO modified glassy carbon
electrode in presence of 10mM of DA in the potential window of
-1.0V to 1.0V in a phosphate buffer solution of pH 7.2 at a scan rate
of 50 mV/s. The voltammograms recorded for ZnO modified glassy
carbon electrode in the absence of DA will not show any voltametric
peak in the potential window. This indicates that ZnO has not
shown any peaks for the oxidation of zinc into zinc ions. From this

we can conclude that ZnO modified glassy carbon electrode can be
used as sensor interface in order to study electrolytic behaviour of
ZnO with respect to DA analyte molecule. The cyclic voltammogram
of 10mM of DA has been recorded at bare glassy carbon electrode
in order to distinguish the electrochemical behaviour of DA at bare
as well as modified electrode. The cyclic voltammogram recorded
at bare glassy carbon electrode has shown an oxidation peak at
a peak potential of 0.18V with a peak current of 1.9uA, whereas
the modified electrode has shown an oxidation peak at a peak
potential 0.22V with a peak current of 3.9uA. These results are in
good agreement with literature reports [11]. From this it can be
concluded that the use of ZnO nanoparticles synthesized through
the hydrothermal method can be used as a suitable candidate in
designing of ZnO-nanomaterial dopamine sensors.
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Figure 5: Cyclic voltametric profile of a) Glassy carbon electrode and b) Bare glassy electrode
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The calibration plot of dopamine sensor is shown in Figure 6.
It is constructed by plotting oxidation current measured against
the concentration of dopamine for the successive addition of 10mM
of dopamine into a 10mL volume of volumetric cell containing
phosphate buffer solution of pH 7.4. From the plot it is very clear
that the peak current increases linearly with the increase of
concentration of dopamine up to 90mM. The developed sensor
showed a detection limit of 10pm (3 sigma).
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Figure 6: Calibration plot.
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