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ABSTRACT

In the present research, CuO NRs are produced on Indium Tin Oxide (ITO) using (CBD) growth
process, and their electrochemical characteristics for glucose biosensors are studied. A field
emission scanning electron microscope, x-ray diffractometer, energy dispersive x-ray, and UV-
VIS spectroscopy were used to examine the morphology and crystallinity of a CuO film. The
synthesized CuO film displays a monoclinic phase with average crystallite sizes of around (18—
25) nm. CuO is composed of NRs aggregating togetherto construct flower and flower bud-like
shape structures with a diameter between (20-80) nm and a thickness of the CuO film is about
(158.5-285.7) nm. The energy gap of CuO NRs was 2.55 eV. The |-V characteristics of the
biosensors were measured and evaluated at various glucose concentrations to determine their
sensitivity. The electrocatalytic performance of the CuO for the detection of glucose was
outstanding. With a very low limit of detection (LOD) of 0.45 uM and a sensitivity of 799 pA
cm2Mm-L, the electrode attained a wide linear range from 0.5 to 2 mM. This result highlights the
sensor's tremendous potential as a high-performance non-enzymatic glucose sensor that makes
use of an original, cost-effective, and straightforward sensor design.
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INTRODUCTION

Due to the requirement for precise and prompt
glucose level monitoring for medical care and
treating diabetes, the development of more
sensitive and particular glucose sensors has
received a lot of attention [1-5]. Due to their
increased stability and lower cost, and low band
gap values of (1.2-1.9) eV, CuO based sensors
have been developed for the detection of glucose
that does not include any enzyme [6-10].
Because CuO is non-hazardous, using it as a
glucose  sensor has many advantages.
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Additionally, CuO's constituents are widely
distributed in nature [11]. CuO nanostructures
can promote processes caused by electron
transfer that occur at a lower voltage because
they have a larger surface area. CuO, therefore,
gives the development of the nonenzymatic
glucose sensor more focus. The shape, size, and
morphology of the material have an impact on its
physicochemical characteristics. In order to
enhance the performance of glucose sensors,
major efforts have been made to synthesize
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various CuO  nanostructures, such as
nanospheres, nanowires, and nanoflowers [12-
14]. Nanostructures for sensing glucose have
recently been developed on CuO foils, including
nanosheets, nanowalls, and nanobelts [15-17].
Reports of CuO thin films being formed on
substrates made of stainless steel, however, are
uncommon. These nanostructures need to be
created through a laborious and meticulous
process as well. A more straightforward
technique to create CuO nanostructures with
greater catalytic activity for glucose sensing is
still required. Different deposition processes are
used to create CuO nanostructures such as seeds,
tubes, rods, wires, belts, leaves, and needles [18].
Due to its simplicity, CBD has become more
popular among these many approaches. The
CBD method makes it simple to carry out
chemical reactions at low temperatures (usually
below 100 °C) in an open container. Comparing
this procedure to the others makes it obvious that
the CBD methodology gives the surface more
stability and has a big impact on the surface's
morphology and optical properties of CuO [19].

The goal of the research, development, and
testing of a glucose biosensor based on a thin
film of CuO nanostructured NRs was to create a
stable CuO biosensor with high sensitivity and
quick reaction time. The CBD method can be
produced in a single step without the use of a
strong reducing agent by carefully controlling
the precipitation of the chemical from the
solution onto suitable substrates.

The built-in sensor showed excellent long-term
stability, high sensitivity, and a low detection
limit for the detection of glucose.
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MATERIALS AND METHODS

Materials
HMT, CesHi2N4, purity of 99.5 %, which was
acquired  from Hi-media India, and

Cu(NOs3)2-5H,0, purity of 99.9% were the
materials utilized in the studies. ITO glass was
provided using substrate from the Chinese
company Yingke Optical Products, Co. Ltd. from
Scharlau in Spain, 99.5% pure NaOH was
acquired. Additionally, distilled water (DW) and
absolute ethanol (C2HsOH) were applied. For the
electrochemical tests, solutions containing
glucose at concentrations of 0.5, 1, and 2 mM
(Sigma Aldrich, 99.99 % purity) were prepared.

Preparation of the substrate

The ITO substrates (1.2x1.2 cm) were cleaned in
an ultrasound cleaner with ethanol and DW for
20 min to eliminate impurities from the surface
before being dried in an airflow.

Synthesis of CuO via CBD method

The chemical bath deposition technique used in
the experiments is depicted in Figure 1. In 60 mL
of DW, 0.02 M (0.22 g) of Cu(NO3),-5H,O with
0.02 M (0.168 g) of hexamethylenetetramine
were dissolved and stirred for 15 minutes to
ensure complete dissolution. The pH of the
solution was kept at around 5. The ITO
substrates were submerged vertically within the
CBD system cell at a bath temperature of 80 °C
for 2 hrs. After being washed in DW to remove
the salts, the film was dried on a hotplate for 20
min at 50 °C, and it was then annealed for 2 hrs
at 400 °C.

The resultant film was annealed
at400°Cfor2 h
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Figure 1. Scheme for the chemical bath deposition technique used to synthesize CuO.
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Characterization

Using 0/20 scans on a PIXcel diffractometer, the
structures of the CuO films were examined using
X-ray diffraction (XRD) in the 20°-80° range.
Using a Zeiss SIGMA VP-Field-emission
scanning electron microscope, their
morphologies were examined (FE-SEM). The
absorption was measured using a double beam
Li-2800 spectrophotometer over the wavelength
range of 200 to 900 nm.

The electrochemical
characterization

A Keithley 2430-C source meter unit (SMU)
instrument with a contact check/GPIB interface
and a 1 kW pulse mode was used to conduct the
electrochemical investigations (A Tektronix
Company). The three-electrode setup seen in

glucose  bio-Sensor

Figure 2 which comprises a working electrode,
counter electrode, and reference electrode was
employed in all of the electrochemical tests
(RE). CuO nanostructures, graphite, and
Ag/AgCI were used to approximate the WE, CE,
and RE, respectively. Using a source meter unit
(SMU) device with a sweep delay of 200 ms, the
electrodes were evaluated in 0.1 M NaOH
(supporting electrolyte) with different
concentrations of glucose (0.5, 1, and 2). CuO
chrono-amperometric responses were measured
at 1 V. At 1 V, CuO chrono-amperometric
responses were recorded. At room temperature
(20 °C), the electrodes were kept in the air. To
ensure that the tests could be reproduced, they
were all performed at room temperature and at
least three times.

Ry

0.1 NaOH+ Glucose

(Electrochemical cell)

Monitoring glucose signal

Figure 2. Enzyme-free glucose sensor based on CuO nanostructures.

RESULTS AND DISCUSSION

XRD analyses

In order to understand the structural properties
of CuO films prepared by the chemical bath
deposition process on ITO substrate are
represented in Figure 3. The Figure observed the
XRD patterns of CuO contain characteristic
peaks at 20 values= 35.7°, 38.8°, and 48.9°
which could be indexed as (022), (111), and (-
202) respectively. All of the diffraction peaks for
CuO's monoclinic phase are in good agreement
with the standard diffraction data, according to
the XRD patterns (JCPDS 45-0937). The
average crystallite size of CuO nanostructures
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with strong peaks (the preferred orientation) was
calculated using the Debye-Scherrer formula
[20]:

D =0.91/8 cos6 (D)

Where A, B, and 6 are the wavelength, the full
width at half the maximum intensity (FWHM) in
radians, and the diffraction Bragg angle,
respectively.
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Figure 3. The XRD pattern of the CBD-prepared copper
oxides (CuO).
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The average crystallite size was estimated to be
about (18-25) nm.

FE-SEM Morphological study

The FE-SEM images and cross-section of CuO
NRs produced by the CBD technique are shown
in Figure 4A. The CuO is composed of NRs with
different directions aggregating together to
construct flower and flower bud-like shape
structures that have a smooth surface and very
sharp tips with a diameter between (20-80) nm.
As in the cross-sectional image in Figure 4B, the
thickness of the CuO film is about (158.5-285.7)

The energy dispersive X-ray analysis (EDX) has
been utilized to investigate the chemical
composition of the pure CuO as prepared using
the CBD method as shown in Figure 5. As
determined through EDX analysis, four
significant peaks have been recorded related to
copper and oxygen. The weight percentages
consisted of 83.7 % of the Cu element and 16.3
% of the O element which is in agreement with
the XRD result.
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Figure 5. The EDX studies of CuO were made using the
chemical bath deposition technique.

|
Figure 4. FE-SEM surface images of (A) CuO as prepared by CBD method and (B) cross-section image.

UV-vis spectral analyses

Figure 6A shows the absorption spectrum as a
function of the wavelength of CuO using the
CBD method. The incident light has
wavelengths between 200 to 900 nm. The results
show the absorption spectra centered at the
wavelength of 351 nm. The energy band gap
(Eg(dir)) of the CuO sample was calculated from
(ahv)? versus the photon energy (/v) plot shown
in Figure 6B. The Ey(dir) values of the pure CuO
film were found to be 2.55 eV. However, the
small shift in the energy gap may be caused by
the variation of the crystalline size throughout
the sample or strain induced in CuO causing
guantum confinement in the structures.
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Figure 6. UV-vis absorption of A) CuO and B) Tauc plots
of direct transitions of CuO created using the CBD
approach.

Glucose biosensor measurements

I-V characteristics

We begin by evaluating and interpreting the
glucose biosensor's electrical response. By
examining the I-V measurements, we can
improve the electrical responsivity and
determine the sensitivity of electrode sensors.
The current response of the biosensors as a
function of the applied voltage (0-1) was
evaluated in Figure 7. The Figures describe the
various |-V  characteristics of CuO as
synthesized by the CBD approach in the absence
and presence (0.5-2) mM of glucose dissolved in
0.1 M NaOH as the electrolyte.

The NaOH solution did not show any peak (in
the absence of glucose). The greatest current
oxidation peak was observed at 0.99 V following
the addition of (0.5, 1, and 2) mM of glucose.
Thus, the approximately 0.99 V oxidation peak
may be the result of glucose oxidizing on the
CuO working electrode surface. CuO NRs
enhanced the performance of the CuO/ITO
electrode and amplified its electrocatalytic
activity toward glucose oxidation due to their
significant surface area, high surface energy, and
higher electron transfer capacity [21]. The

nearly linear current-increasing behavior seen in
CuO served as evidence for this.

0.10

—=—0mM v
—e—0.5mM v
v
0084 7; mM /
v mM v
v
— v
< 0.06 b
e - N o
= v o
- / o
= v o
2 v o
5 0044 v/V o®
@] v ..o
v
v o®
v °
0.02 o =4 P
4
v o ....0" aummEEEEEEER)
vvvv I'.. :llIlll......
0 4 (1L}
0.00 Jssarpawe¥ Y, o L ; : :
0.0 0.2 0.4 0.6 0.8 1.0

Voltage (V)
Figure 7. The |-V properties of CuO as produced using the
CBD technique with various glucose concentrations.

Using different glucose concentrations, Figure 8
displays the current-time curve for the CuO NRs
electrode at (0-1) V (vs. Ag/AgCl) in 0.1 M
NaOH solution. It is clear that clear and quick
amperometric reactions are detected, with the
exception of NaOH, which similarly does not
respond to glucose.

The calibration curve for CuO NRs electrodes is
shown in Figure 9. The corresponding
sensitivity, linear range, correlation coefficient,
and detection limit are summarized in the figure
below. The highest glucose bio-sensing
performance in this study is shown by the CuO
NRs electrode, which has a sensitivity of 799 pA
mM* cm?, a correlation value of R2= 0.99, a
longer linear range from 0.5 mM to 2 mM, and a
lower practical detection limit of 0.45 pM.
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Figure 8. The current-time curves of CuO NRs with an
increase in glucose concentration.
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