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ABSTRACT: This study investigates the enzyme-less biosensing property of the
zinc oxide/carbon nano-onion (ZnO/CNO) nanocomposite coated on a glassy
carbon electrode. The ZnO/CNO nanocomposite was synthesized using the ex situ
mixing method, and the structural characterization was done using XRD, SEM, and
TEM, whereas functional groups and optical characterization were done through
FTIR and UV—visible spectroscopy. The electrochemical sensing response of the
ZnO/CNO nanocomposite for the linear range of glucose concentration (0.1-15
mM) was examined using cyclic voltammetry (CV) with a potential window of —1.6
to +1.6 V using 0.1 M NaOH as an electrolyte. The ZnO/CNO nanocomposites
showed enhanced sensing ability toward glucose with a sensitive value of 606.64 yA/ - . ! . . . .
mM cm®. Amperometric i-t measurement supports the finding of CV measurement I P (\7':3 o c|)“° 1

and showed good sensing ability of the electrode ZnO/CNO nanocomposite \ — /
material for up to 40 days. The enhanced electrocatalytic activity of the ZnO/CNO

nanocomposite is explained due to the synergetic effect of both ZnO and CNO. Our

findings suggest a high potential for ZnO/CNO nanocomposite-based glucose biosensors, which could be further utilized to develop
noninvasive skin-attached sensors for biomedical applications.
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1. INTRODUCTION

Glucose level determination is critical in clinical diagnostics
along with environmental and ecological fields, food and
microbiology industries, wastewater treatment, and so on."”

relative surface area and the quantum effects are the two main
reasons for a significant difference in the characteristics of
nanomaterials, leading these to act as a nano-catalyst."
Properties including reactivity, strength, and electrical

The International Diabetes Federation (IDF) predicts that by
204S, there would be 783 million people worldwide with
diabetes, which is one of the fastest-growing global health
emergencies.’ Hence, it has become crucial to employ suitable
treatment to examine and measure the level of glucose in the
human blood. As a result, glucose biosensors have emerged as
the most active area of sensor development. The initial
biosensors investigated in the field of glucose analysis were
enzymatic and nonenzymatic glucose sensors based on widely
used techniques such as optical, acoustic, electrochemical, and
fluorescence. Enzymatic electrochemical biosensors®® are often
used as glucose biosensors, but because of changes in pH,
humidity, and temperature, their sensitivity changes. Also, they
are highly unstable and expensive and require sophisticated
immobilization techniques.”” Therefore, significant efforts
have been made in the direction of the fabrication of
enzyme-less biosensors that are affordable, sensitive, rapid,
and dependable.* '’ Nonenzymatic biosensors have been
designed with the application of nanomaterials like carbona-
ceous structures, metal and metal-oxide nanostructures,
hydrogels, and conductive polymeric substances. The increased
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conductivity can be altered or improved as a result of these
considerations,"*™"*

Metal-oxide-based nanostructures have been in the last
decade as enzyme-less glucose biosensors due to their
improved sensing efficiency, which includes sensitivity,
response time, and accuracy. These nanomaterials provide
large specific surfaces and particular physical features that
boost the catalytic power. The biosensor’s performance is
known to be influenced by the interface generated when
nanostructured metal oxide (NMO) binds to a biomolecule."”
Biomolecules connect to metal-oxide nanoparticles in a variety
of ways, including physical adsorption and chemical bind-
ing‘l6,l7
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Nonenzymatic metal-oxide-based electrochemical biosensors
are now mostly based on semiconductor materials like zinc
oxide (Zn0),"* cuprous oxide (Cu,0)," tin oxide (Sn0O,),*
and others. ZnO has piqued the interest of many scientists
among metal oxides for two key reasons; i.e., first, zinc oxide is
a popular n-type II-IV semiconductor having a band gap of
roughly 3.37 eV with desirable attributes such as chemical
stability, adaptability of doping, non-toxicity, and high optical
properties,” and second, a vast variety of morphologies can be
attained with derivatives. The biosensing characteristics of
ZnO nanostructures are greatly influenced by the size,
morphology, and crystallinity of synthesized ones. Even
today, ZnO is the preferred nanomaterial for biosensing
purposes among researchers.”” It is widely applied for different
sensing techniques such as electrochemical sensing”””* and
optical sensing.”>*® Along with the biosensing applications,
ZnO has been widely applied for gas sensing purposes as well
due to its fast response, low manufacturing cost, and high
selectivity.””*® Several strategies have been reported for
determining glucose through ZnO where recently nine ZnO
nanostructures were synthesized using multi-walled carbon
nanotubes (MWCNTS) assisted with amino acids, and in this
enzyme-less biosensor system, spherical ZnO formulated from
zinc acetate/cysteine/oxalic acid exhibits a maximum sensi-
tivity of 64.29 pA/cm®* mM with consistent findings.”
Similarly, an iron-doped ZnO nanoparticle-based screen-
printed working electrode was fabricated for sensing glucose,
which achieved a low limit of detection, ie., 0.30 um,”
whereas a copper-doped ZnO-based impedimetric glucose
sensor exhibited a large linear range from 107 to 107> M.”'

Carbon nanomaterials such as fullerenes, carbon nanotubes,
graphene oxide (GO), carbon quantum dots, carbon black,
nano-diamonds, and carbon nano-onions (CNOs) have
intrinsic properties that can be effortlessly applied in the
development of advanced technology for sensing applica-
tions.”” > Drawbacks related to other carbon structures such
as CNTs and GO include the typical procedure for their
synthesis, higher toxicity of GO, and the lesser aqueous
solubility of CNTs, which can be overcome in the case of
CNOs. Nowadays, CNOs are preferred over other carbon
nanostructures due to their unique combination of properties
such as conductivity, thermal stability, biocompatibility, non-
toxicity, and the feasibility during the formation of composites
with functional groups or coupling with organic or inorganic
polymers. Such traits made them a promising candidate for
several applications like energy storage, biomedical applica-
tions, bioimaging, and sensing. Therefore, with such excellent
properties, CNOs and their composites are now in demand for
biosensing applications for glucose, and an increasing trend has
been observed due to satisfactory results.’*** In recent work,
Pt nanoparticles (2.5 nm) coated on CNOs have been found
to exhibit glucose detection within the range of 2—28 mM, and
the observed limit of detection (LOD) was 0.09 mM.** The
photoluminescence sensor was designed by using water-soluble
CNOs for selective determination of glucose which was based
on the turn-off and turn-on technique,”” whereas in another
study, Pd-doped CNOs were used for the glucose oxidation
reaction in the range between 5 and 8 mM.*' The purpose of
choosing the ZnO/CNO composite is to utilize their advances
synergistically for sensing purposes, and both ZnO and CNOs
were reported singly for glucose sensing, but their composite
has not been explored yet.

Here, in this report, the ZnO/CNO nanocomposite was
investigated to study glucose detection, and our work is
depicted through the schematic shown in Figure 1. A simple
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Figure 1. Schematic representation of the ZnO/CNO nanocomposite
for glucose biosensing.

procedure was used to create a hybrid CNO-functionalized
ZnO composite. Mixing through ultrasonication to modify the
surface of chemically synthesized ZnO peanut-shaped rods
with CNOs was done. The CNOs have been synthesized using
flaxseed oil as a precursor. Along with high potential properties
for sensing, CNOs have also been chosen over other carbon
nanostructures due to their easy synthesis method, long-term
stability, and cost-effectiveness. It was expected that high
electron transfer rates of ZnO combined with the robust
catalytic reaction of CNOs will provide an excellent platform
for glucose sensing, and the results met our expectations. So
far, both the nanomaterials are applied for the determination of
glucose either singly or with others as nanocomposites, but
their combination has not been reported yet. The ZnO and
CNO cyclic voltammetry (CV) results have also been recorded
for comparative analysis. A remarkable improvement in the
overall determination was analyzed with the ZnO/CNO
composite rather than these nanostructures alone.

2. RESULTS AND DISCUSSION

ZnO is one of the popular nanomaterials in biosensing
technologies due to its advantageous properties and traits such
as a wide range of morphologies, optical and electrochemical
properties, biocompatibility, and stability allow it to be a
perfect candidate for designing nonenzymatic electrochemical
biosensors.”*~* Apart from this, CNOs have also diverged the
attention of researchers due to their efficient properties and
cost-effectiveness in biosensing applications.*’

2.1. Characterization of ZnO, CNO, and ZnO/CNO
Composites. ZnO nanostructures have been successfully
synthesized by the method described in the Experimental
Section. SEM images of the prepared ZnO are shown in Figure
2a, and it is observed that ZnO nanostructures obtained the
shape of rods broadened at the ends resembling peanut-shaped
rods. The length of the nanostructures is approximately 0.2—
0.4 microns in size. However, when compared to XRD, the
range of view and detection depth of SEM are limited, and the
size acquired by XRD should be lesser than that obtained by
SEM. Carbon onions are separately prepared and annealed
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Figure 2. (a) SEM images of ZnO nanostructures. (b) TEM image of CNOs at a S0 nm scale range. (c) TEM image of CNOs with high resolution
at a 20 nm scale range, and the inset shows the SAED pattern of the same. (d) TEM image of the ZnO/CNO nanocomposite depicting large rods
as ZnO structures and CNOs as spherical rings, and the inset shows the SAED pattern of the prepared composite. (¢) HRTEM image of the ZnO/
CNO composite. (f) The interplanar spacing of ZnO in the ZnO/CNO composite.
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Figure 3. (a) UV—vis spectra of ZnO, CNO, and ZnO/CNO in the range of 200—800 nm. (b) FTIR spectra of ZnO, CNO, and ZnO/CNO in the
range of 400—4000 cm™" wavelength. (c) XRD pattern of CNO, ZnO, and ZnO/CNO (comparative). (d) CNO XRD pattern representing
characteristic peaks.

through the described methodology. High-resolution trans- fullerenes wrapped one inside the other, thus forming an
mission electron microscopy (HRTEM) images of CNOs and onion-like structure. The surface morphology of CNOs was
ZnO/CNO composite give better detailing of their structures elucidated by TEM images depicted in Figure 2b. The average
compared to SEM analysis. CNOs resemble fullerenes that are size of the synthesized CNOs is found to be 40—50 nm,
spherically closed carbon shells and possess concentric whereas in Figure 2c, the inset represents the selected area
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Figure 4. (a) CV curves of the CNO GC electrode without glucose and with glucose (S and 10 mM) in 0.1 M NaOH electrolyte solution at a S0
mV scan rate. (b) CV curves of the ZnO GC electrode without glucose and with glucose (S and 10 mM) in 0.1 M NaOH electrolyte solution at a
S0 mV scan rate. (c) Comparative curves of CNO, ZnO, and ZnO/CNO GC electrodes with a S mM glucose concentration in 0.1 M NaOH at a
50 mV scan rate. (d) CV curves for the ZnO/CNO GC electrode for different concentrations of glucose (1—15 mM) at a scan rate of S0 mV/s. (e)
Linear calibration curve of ZnO/CNO for different concentrations of glucose. (f) CV curves for ZnO/CNO with S mM concentration of glucose at

different scan rates.

electron diffraction (SAED) pattern of CNOs. The SAED
pattern is performed using transmission electron microscopy
and is used to detect crystal orientation, quantify lattice
constants, and investigate flaws, particularly when combined
with proper analytical tools. The SAED pattern of CNOs
demonstrates the existence of graphitic carbon and diamond-
like carbon that is verified by the XRD results as well and
seems interconnected in a chained network. ZnO/CNO
composite morphological detailing was also executed through
TEM analysis and can be observed in Figure 2d,e where it can
be seen that CNOs are dispersed onto the surface of the ZnO
rods and the average size was around 300 nm. The HRTEM
images also verified the hexagonal wurtzite structure of ZnO,
showing clear lattice fringes with an interplanar spacing of 0.25
nm, which corresponds to the (101) plane of the ZnO
hexagonal phase shown in Figure 2f.

Apart from the morphology and structural details, other
properties such as the crystal structure and phase, optical
properties, and chemical composition of the synthesized
nanostructures are revealed through XRD patterns, UV—vis
absorption, and FTIR characterizations.

UV-—vis spectroscopy was used to determine the optical
properties of our synthesized nanomaterials, and these
properties are used to determine other parameters as well
such as photocatalytic activity. The excitation peak of the
UV—vis absorption spectra of ZnO peanut-shaped rods and
ZnO/CNO are observed at 375 nm and 280 nm, respectively,
which is illustrated in Figure 3a, and these were due to
electrons directly transitioning between the valence and the
conduction bands.

37751

The major absorption peaks of ZnO and CNOs could be
observed in the UV—vis spectra. By extrapolatlng the linear
section of the graph between the function (hv)” versus photon
energy (h), the band gap energy of ZnO, CNO, and ZnO/
CNO composite nanostructures could be estimated, which is
found to be 3.09, 2.34, and 3.52 eV, respectively. This band
gap shift might be related to electron constraints, which have
been reported in a variety of nanomaterials, and also due to
their differences in morphological structures, defects, and grain
size confinement."’

Fourier transform infrared spectroscopy generates the
sample’s molecular fingerprint as the resultant signal because
various chemical structures yield distinct spectral signatures,
thus helping in determining the chemical composition of these
prepared nanomaterials. The FTIR spectra of ZnO, ZnO/
CNO, and CNOs are depicted in Figure 3b. The ZnO FTIR
spectrum exhibits a characteristic peak representing O—H
stretching vibrations at 3434 cm™" and a strong peak owing to
Zn—O0 vibrations at 433 cm™". The graphitic carbon peaks are
observed in the FTIR spectrum of CNOs. Alkyl C—H
stretching, C=C stretching, C—C stretching, and =CH
bending vibrations are ascribed to the doublet at 2922 cm™}a
strong peak at 1630 cm ™', a medium band at 1059 cm™, and a
broadband at 591 cm™’, respectively. Surface O—H moiety and
chemisorbed water are accountable for the wide peak at 3437
cm™L. Most of the distinctive peaks of the CNOs and ZnO are
evident in the ZnO/CNO composite with minor alterations in
peak positions due to strong chemical and physical interactions
between CNO and ZnO, which are as follows: 3432 cm™ (O—
H wide band), 2923 cm™' (—CH doublet), 1600 cm™ (C=C

https://doi.org/10.1021/acsomega.2c04730
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strong), 1045 cm™' (C—C stretching), 542 cm™' (=CH
banding), and 431 cm™" (Zn—O stretching vibrations).**

The crystallinity and crystal phase were studied by X-ray
diffraction. Figure 3c illustrates the XRD patterns of the CNO,
ZnO, and ZnO/CNO composites. The hexagonal wurtzite
crystal structure of ZnO peanut-shaped rods is depicted
through XRD patterns and analyzed by X’Pert HighScore Plus
software with standard JCPS card no. 01-079-0205. Our
synthesized ZnO nanostructures match 96% with the standard
reference structure, and characteristic sharp peaks represent
the hexagonal crystal structure, and the average crystallite size
obtained is 27.83 nm. The characteristic diffraction peaks of
ZnO are assigned to planes (100), (002), (101), (102), (110),
(103), (200), (112), (201), (004), and (202) according to
JCPS card no. 01-079-0205. The purity of the prepared ZnO
could be attributed to no other peaks. The XRD pattern of
CNOs in Figure 3d illustrates two diffraction peaks at 26 at
near 35 and 60 corresponding to (002) and (100) planes
representing the crystalline nature of CNOs in a hexagonal
graphitic carbon form. Both the characteristic diffraction peaks
of ZnO and CNO are observed in the XRD pattern of the
ZnO/CNO composite.

2.2. Enzyme-Less Glucose Behavior of ZnO, CNO, and
ZnO/CNO Fabricated Electrodes. The cyclic voltammo-
grams of CNO, ZnO, and ZnO/CNO electrodes in 0.1 M
NaOH are represented in Figure 4. In the absence of glucose,
no oxidation peaks were observed for the bare ZnO, CNO, and
ZnO/CNO. Before testing the ZnO/CNO composite, separate
cyclic voltammograms have been recorded for ZnO and CNO
electrodes to check their sensitivity toward glucose, as shown
in Figure 4a,b. When a small amount of glucose (5 mM) is
added to the solution, prominent oxidation peaks were
observed at 1.10, 1.10, and 1.11 V for CNO, ZnO, and
ZnO/CNO, respectively. These well-defined oxidation peaks
at 1.1 V correspond to the electro-oxidation of glucose at the
surface of the electrode.”” This also confirms the strong
sensing ability property of CNO and ZnO toward glucose.
Enhancement in the peak current value with the addition of
more glucose represents an increase in sensing ability. For 5
mM concentration of glucose, the peak current value of ZnO/
CNO is found to be highest (285 #A) compared with the bare
CNO (220 uA) and bare ZnO (180 pA), as depicted in Figure
4c, which confirms the higher sensing ability of ZnO/CNO
compared with the pristine one. The current peak intensities
increased with increasing concentration from 1 to 15 mM
glucose for ZnO/CNO, which is depicted in Figure 4d. The
higher the current peak intensities, the higher will be the
sensitivity, as these are directly proportional to each other.
Figure 4f illustrates the CV curves recorded at different scan
rates at a single concentration, i.e., 5 mM glucose showing the
current increment with the rise in the potential scan rate.
There were no oxidation peaks observed with bare GCE and in
the absence of glucose, but sharp peaks in the presence of
glucose determined the specific detection of the target analyte
through fabricated electrodes. The enhanced sensing property
of ZnO/CNO can be attributed to the enhancement in the
conductivity of ZnO. Overall, ZnO-based -electrochemical
sensing of glucose can be expressed as

glucose + O, + H,0 = gluconic acid + H,0,

Zn**(OH)™, + OH™ = Zn*?0"(OH)” + H,0 + e~

Zn*(OH)™ + glucose = Zn+2(OH)_2 + gluconic acid

Figure 4e depicts the calibration curve, which is plotted by
averaging currents across a wide range of potentials. At a
smaller-scale concentration range, the calibration data matched
well linearly, allowing the slope to be estimated. Finally, using
the equation below, the acquired slope value was divided by
the value of the electrode’s active surface area.

sensitivity = slope (LA mM ") /area (cm?)

The electrode sensitivity of ZnO/CNO is calculated to be
606.64 yA mM™' cm™? which is much better than the
previously reported nonenzymatic-based sensors. The deter-
mination coefficient was found to be 0.995. Here, the
minimum concentration used for glucose determination with
ZnO/CNO GCE was 0.1 mM, and the results show significant
sensitivity. The higher value of sensitivity of ZnO/CNO is due
to the synergetic effect of both CNO and ZnO, as the modified
ZnO/CNO electrode accelerates the electrochemical reaction
of glucose.

The comparative results of our work and previously reported
nonenzymatic-based glucose sensors are summarized in Table
1.

Table 1. Analytical Performance of Nonenzymatic
Electrochemical Sensors for Detection of Glucose

sensitivity

S.N. nanomaterial (uA mM™ cm™?) linear range reference
1 ZnO/CNO 606.64 0.1-15 mM this
work

2 MWCNT/ZnO 9.36 0.1-2.5 yM 18
QDs

3 SWCNTs/Cu,O/ 289.8 11.11 mM S0
ZnO NRs

4  SWCNTs/Cu,0/ 466.1 0.6—11.1 mM 50
ZnO NRs/
graphene

S Cu,0—-Zn0O 441.2 0.02—1 mM S1

6 nano-copper oxide 25.0 + 0.8 1 uM to 3 mM,; 19
micro hollow 3—-11.5 mM
spheres

7 ZnO/MWCNT/ 64.29 1-10 mM 29
GCE

8  Cu,O/chemical- 285 0.3—3.3 mM 52

reduced graphene

Our findings suggest that the ZnO/CNO-based nano-
composites may serve as a significant facilitator, provided a
larger surface area, and improved electron transfer kinetics.

2.3. Amperometry I-T and Interference Study-Based
Sensor Performance. Several key attributes of the biosensors
have been assessed, including sensitivity, anti-interference, and
repeatability. One of the sensor’s primary properties is its
selectivity about various interfering agents present along with
the analyte of interest.” Biomolecules that interfere with high
polarization voltage include ascorbic acid, uric acid, lactic acid,
and citric acid found in body fluids, where they oxidize and
provide false signals. Figure Sa shows the selectivity test for the
ZnO/CNO working electrode to detect glucose with
interfering species citric acid (CA), ascorbic acid (AA), lactic
acid (LA), ethanol, glycerol, and urea present in 0.1 mM
concentration and thus proven as highly selective toward
glucose. First, 0.1 mM glucose was added to 0.1 M NaOH
electrolyte solution on which the current peak rises, which
does not change with the addition of 0.1 mM AA. After the
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Figure S. (a) Interference study plot that shows the amperometric response for glucose of the ZnO/CNO GC electrode in the presence of various
interferents such as citric acid, ascorbic acid, and urea (all with a concentration of 0.1 mM) in 0.1 M NaOH electrolyte at 0.60 V with a 0.05 sample
interval. (b) Amperometric plot on successive addition of 2 mM glucose in 0.1 M NaOH at 0.65 V. (c) Plot exhibiting a reduction in the current
peak through repeatability studies although having the potential to sense glucose after 40 days. (d) CV studies after 40 days with the same modified
working electrode with different concentrations of glucose in 0.1 M NaOH electrolyte solution.

addition of 2 mM glucose concentration, 0.1 mM concen-
tration of interfering species was added at a constant interval
during which the current intensity does not change. Lastly,
when 1 mM glucose was introduced to the system, there was a
sharp rise in the current signal. Investigating the influence of
interfering species reveals how well the system can distinguish
the target analyte molecule from the other substances present
in the sample. Figure Sb shows the amperometric detection
demonstrated in a stair-like response of current density to
glucose concentrations. Here, upon the addition of 2 mM
glucose at a fixed interval, a significant rise in the current
intensity has been observed. The repeatability test was
measured by testing the same modified GCE for consecutive
days, and the CV results after 40 days are depicted in Figure
Sd. The graph in Figure 5c shows a decrease in the current
peak intensities from 700 to 430 pA after 40 days but still has
the potential to sense glucose at lower concentrations.
Although the stability is not that high according to the results,
it could sense glucose with good sensitivity comparable to
previously reported sensors. We can work out stability
enhancement by changing the ratios of ZnO to CNOs in the
extension of the work.

3. CONCLUSIONS

In this work, ZnO/CNO composite-based working electrodes
were fabricated and employed for glucose level monitoring.
The synthesis of ZnO/CNO followed a three-step production
method that included the synthesis of ZnO and CNO followed
by the decoration of ZnO nano-peanuts with CNOs. SEM and
TEM images reveal the morphology and size of ZnO
nanostructures (0.2—0.4 microns), CNOs (40—50 nm), and
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ZnO/CNO (0.3 microns). The crystallite phases, band gap
energies, and chemical composition of ZnO (hexagonal
wurtzite structure; 3.09 eV), CNOs (hexagonal graphite
carbon; 2.34 eV), and ZnO/CNO (3.52 eV) have been
confirmed through XRD data, UV—vis spectra, and FTIR
spectra, respectively. The designed sensor demonstrated a high
sensitivity of 606.64 uA mM ™' cm™ with a linear range of
0.1-15 mM glucose concentration and a determination
coefficient of 0.995. This sensor has anti-interference proper-
ties and long-term stability. Sensitivity toward glucose remains
unaffected by the presence of interfering species named citric
acid, urea, lactic acid, glycerol, ethanol, and ascorbic acid.
Upon further investigations in the next step such as modulating
the ratio of ZnO/CNO and analyzing real samples like blood
serum and urine, it will be helpful for a better understanding of
the mechanism behind the determination of glucose and
optimization of sensor performance to a more stable direction
leading to integration to POC devices or wearable sensors.

4. EXPERIMENTAL SECTION

4.1. Chemicals. Zinc nitrate hexahydrate [{Zn-
(NO,;),.6H,0}, >96%] was purchased from Merck, sodium
hydroxide (NaOH, 97%) was purchased from Fisher Scientific,
whereas d-(+)-glucose, L-ascorbic acid (AA, 99%), urea crystal
(99%), citric acid (CA, 99%), glycerol (99%), polyvinylidene
difluoride (PVDF), and N-methyl pyrrolidone (NMP) were
purchased from Sigma-Aldrich Corporation. All the chemicals
used were of analytical-grade quality. Ethanol, deionized (DI)
water, and acetone were used as received without any purity
alterations.
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4.2. Synthesis of ZnO Nanostructures. Solution A of
zinc nitrate hexahydrate [Zn(NO;),.6H,0] was prepared by
adding 8.8 g of zinc nitrate in 160 mL of DI water under
constant stirring at 90 °C. Simultaneously, solution B was
prepared by dissolving 8 g of NaOH solution in 40 mL of DI
water. Solution B (32 mL) was added dropwise to solution A,
and the resultant solution turns to milky white. Finally, this
solution is kept for stirring for another 2 h at 90 °C, and after
the reaction, the solution was left overnight to settle down the
precipitate. The next day, the precipitate was washed and
centrifuged several times with DI water (at least five times) and
placed in an oven at 90 °C for drying for 24 h. Annealing of the
obtained ZnO powder was done at 500 °C for 2 h using a
vertical furnace, and the heat rate was 5 °C per minute.”” The
morphology and purity were confirmed by XRD, SEM, and
UV—visible spectra.

4.3. Synthesis of CNOs. To synthesize the CNOs, the
previously reported method (flame pyrolysis method)*® was
used. The flaxseed oil was pyrolyzed in an earthen pot under
steady air conditions. The soot was deposited on the clean
upturned glass beaker. After that, annealing of the soot was
done at 500 °C for 2 h in the air furnace to remove the
amorphous carbon or some unburnt oil. The prepared CNOs
are kept in an airtight container under dry conditions.

4.4. Synthesis of the ZnO/CNO Composite. Here, the
ZnO/CNO composite was mixed in a 1:1 ratio, and for this
purpose, CNOs (50 mg) were dissolved in 30 mL of DI water
and kept for sonication for 1 h. After that, ZnO (50 mg) was
added to the above solution and put on the magnetic stirrer at
500 rpm for 24 h. The next day, the resultant solution was
filtered out using Whatman filter paper and kept for drying at
room temperature. Upon complete drying, the composite was
scratched out with the help of a spatula, then weighed, and
collected in Eppendorf. The synthesized materials were
characterized using UV—vis, XRD, FTIR, SEM, and TEM
techniques.

4.5. Characterizations. The optical absorption spectra
were observed using a UV—visible spectrophotometer (UV—
vis, LAMBDA 750 PerkinElmer) in the 200—800 nm
wavelength range. The morphology and particle size of all
the samples were analyzed using field emission scanning
electron microscopy [FESEM; Nova Nano FE-SEM 450 FEI]
and high-resolution transmission electron microscopy
[HRTEM; Tecnai G220 (FEI) S-TWIN]. The crystallization
of nanostructures was observed through X-ray diffraction
patterns recorded at room temperature by a PANalytical X'Pert
Pro X-ray diffractometer applying a Cu Ko radiation source at
A = 1.5406 A. The FTIR spectra were obtained using an FTIR
spectrometer [PerkinElmer Spectrum version 10.4.00] in the
range of 4000—400 cm™".

4.6. Electrochemical Glucose Sensing in 0.1 M NaOH
(Electrochemical Sensing Measurement) and Modifica-
tion of Working Electrodes. All the electrochemical sensing
measurements were performed in a three-electrode setup using
glassy carbon as a working electrode, Pt wire as a counter
electrode, Ag/AgCl (in saturated KCl) as a reference electrode,
and 0.1 M NaOH as an electrolyte.

The glassy carbon electrode was polished with 1.0, 0.3, and
0.05 um of alumina powders to achieve a shiny mirror surface
and after each polishing process rinsed with DI water. The
active surface area of the glassy carbon electrode was around
0.071 cm” with a 3 mm diameter. For the preparation of the
working electrode, a slurry is prepared by mixing the annealed

ZnO (10 mg) and PVDF (1.11 mg) in a 9:1 ratio with the
addition of 1—2 drops of NMP. Then, the slurry was coated on
a glassy carbon electrode and dried overnight at room
temperature. The active mass loading of the electrode was
around 1.53 mg. For the preparation of the modified ZnO/
CNO electrode and CNO electrode, the procedure was the
same.

All the measurements were performed using an electro-
chemical workstation (CHI760E) at room temperature under
constant stirring. CV measurements were done in the potential
range of —1.6 to +1.6 V at a scan rate of 50 mV/sec. For
amperometric measurement, the potential was fixed at 0.65 'V,
and the measurement was performed for 10 min.
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