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Fabrication and Potential Characterization of Silver-Doped

Zinc Oxide Glucose Biosensor

Muhammad Junaid,* Avimra Haleema, Raheela Jabeen,* Mahmood Basil A. AL-Rawi,

Mohammed EI-Meligy, and Sibtain Ahmed

This work is devoted to studying and manufacturing a highly sensitive
nonenzymatic glucose biosensing system of metal oxides via the sol-gel
technique. The X-ray diffraction patterns of all the prepared samples confirm
that the samples present hexagonal crystal lattice structures of ZnO and
Ag-ZnO nanoparticles. Ultraviolet (UV) analysis of all the samples is carried out
to evaluate the absorption of silver in the UV region for electrical and chro-
noamperometric analysis. The transmittance of all the samples is observed, and
the maximum transmittance is 11% for 4% AgZnO. Fourier transform infrared
spectroscopy reveal the functional group stretching and vibration of the par-
ticles at different wavelength ranges. Scanning electron microsocpy analysis
reveals the grain size and morphology of the samples, which decrease with
increasing doping agent. Chronoamperometric analysis of all the samples
reveals that the value increases with time for the 4% doped sample. The sensing
response is also observed and is enhanced with increasing temperature for the
4% doped sample. The sensing response of the samples coated with carbon
fiber electrodes is assessed from —0.2 to +0.5V at a scan rate of 50mVs .

instance, the nanoscale encourages better
signal transduction. Also, it increases the
surface area for the reaction of biomole-
cules. The evolution of glucose nanobio-
sensors estimates the sugar levels at
miniaturization power.”” Nanoscale target-
ing of glucose facilitates real-time detec-
tion. In recent years, metal oxides have
given a lot of advantages in nanotechnol-
ogy. Metals have advantageous conducting,
catalytic, optic, and electronic properties
that facilitate biosensing.!”) The applica-
tions of metal oxides include the fabrica-
tion of microelectronic circuits, sensors,
piezoelectric devices, and nanostructures
with remarkable potential and extraordi-
nary properties. A group of nanoparticles,
metal oxide nanoparticles (MO-NPs),
hold much importance in modern

1. Introduction

The inclusion of nanotechnology has revolutionized the path of
developing electrical gadgets and composites.'! Nanoparticle-
based biosensors are state-of-the-art gadgets that measure the
minimal content of analyte in the sample. The nanophase com-
plexes have many exceptional features due to which they serve
as remarkable contrivances in modern nanotechnologies. For

nanotechnology-based sensors and medi-
cine. Its superparamagnetic behavior,
exclusive catalytic activity, selectivity, and
sensitivityl* vitally improve the sustainability and fidelity of
the next-generation sensing tools. Moreover, zinc oxide nanopar-
ticles (ZnO-NPs) are a type of metal oxide nanoparticles that are
extensively used as semiconductor oxidel® in various gadgets.
This semiconductor is typically doped with conductor metals like
silver (Ag) to enhance their functioning features (electric, optic,
and catalytic), reduce bandgap for quick response, and produce
stability in strong electrolytes.”) Based on this, Ag doping of
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ZnO-NPs has been performed to enhance the functioning
potential of ZnO-NPs in the present work. The sol-gel method
has been chosen for the preparation of Ag-doped ZnO nanopar-
ticles due to its simple operation, mild conditions, and excellent
crystalline shape of particles.”) The use of enzyme-based glucose
biosensors has been discouraged recently due to demanding oper-
ating conditions for enzymes and various other drawbacks includ-
ing high cost and limited actions. Metal oxide electrodes are used
instead of enzymes in biosensors nowadays. Redox properties of
metal oxide (ZnO) offer an alternative way to glucose sensing.
However, a nonenzymatic amperometric system developed in this
research wherein metal (Ag)-doped metal oxide (ZnO) nanopar-
ticles made the working carbon electrode for glucose monitoring.®
The redox features of ZnO have been leveraged for glucose
detection by amperometric responses. These responses have been
measured by an essential electrochemical process, chronoamper-
ometry. In this process, the analyte (glucose) molecule is converted
into an electrochemical signal in the presence of continuous volt-
age for a certain time frame.! Investigating the potential of the Ag-
ZnO NPs is a valuable contribution to glucose sensing technology.

Diabetes is a global health challenge that has distressed
millions of people globally.!!! Damage to the beta-cells of the pan-
creas alters glucose (sugar) metabolism within the body, result-
ing in organ dysfunction and eventually death.!” The inclusion of
nanotechnology has revolutionized the path of developing elec-
trical devices and composites with diagnostic importance.®
Metal oxide nanoparticles (MO-NPs), a group of nanoparticles,
are remarkable contributors to modern nanotechnology-based
sensors and medicine.”! This is because of their extraordinary
superparamagnetic behavior, exclusive catalytic activity, selectiv-
ity, and sensitivity.®] ZnO is a broadly used semiconductor
oxidel® that is generally doped with conductor metals (Ag) to
enhance its functional features (electric, optic, and catalytic),
reduce the bandgap for quick response, and produce stability
in strong electrolytes.'” However, Ag doping of ZnO-NPs
was performed in this study. The demanding operating condi-
tions for enzymes, along with various other drawbacks, discour-
age the use of enzyme-based glucose biosensors. In the present
work, a nonenzymatic amperometric glucose biosensor was
developed by using metal (Ag) oxide (ZnO) nanoparticles (pre-
pared via the sol-gel method) to make a working carbon electrode
for glucose monitoring.!"!! Sol-gel preparation has been chosen
because of its simple operation, mild conditions, and excellent
crystalline shape of the particles.™? In this work, the redox prop-
erties of a metal oxide (ZnO) offer an alternative way to sense
glucose. The redox features of ZnO have been leveraged for
glucose detection via amperometric responses. A broadly used
electrochemical method, chronoamperometry, was adopted for
amperometric detection. In this method, the analyte (glucose)
molecule is converted into an electrochemical signal at a
continuous voltage for a specific time frame.

2. Methodology
2.1. Synthesis of Ag-doped ZnO-NPs

An appropriate amount of zinc acetate dihydrate (ZnC4H60,4
2H,0, AnalaR) and a stock solution of NaOH were used to
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Table 1. Description of the prepared samples.

Sr. Sample name Zinc acetate Dopant Ag %
# (ZnC4He04.2H,0) (AgNO3) in ZnO [%]
[g] content

1 S1 (Pure ZnO-NPs) 4.5 Og 0

2 S2 (2% Ag-ZnO-NPs) 45 20 mL of 2
stock soln.

3 S3 (3% Ag-ZnO-NPs) 4.5 30 mL of 3
stock soln.

4 S4 (4% Ag-ZnO-NPs) 4.5 40 mL of 4
stock soln.

prepare a milky white solution on a hot plate stirrer for three
successive hours."’! Silver salt (AgNO;) was used as an Ag
source for doping. Ag doping was performed at three different
concentrations, 2%, 3%, and 4% by weight (wt%), by mixing suit-
able proportions of AgNO; stock solution and ZnO milky white
solution on a hot plate stirrer (~3 h, 42-45 °C). After preparation,
the solution was dried at 90 °C for 2 h in a hot air oven. The dried
materials were ground and calcined at 450 °C for 6 h in a furnace
(Vulcan A-550) as shown in Table 1.

The particle size, distribution surface area, porosity, chemical
composition, purity, crystal structure, phase, optical, electrical,
and mechanical properties are affected when samples are
prepared by sol-gel technique.

2.2. Characterization of Ag-doped ZnO-NPs

The detailed characterization (structure, composition, and chem-
ical properties) of the doped and undoped ZnO nanoparticles was
performed via Fourier transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), ultraviolet (UV)-vis spectroscopy,
scanning electron microscope (SEM), and chronoamperometric
analysis. XRD was used to examine the crystallinity, purity, and
crystallinity of the ZnO and Ag-ZnO nanoparticles. The structure
and conformation of Ag-doped ZnO were verified by analyzing
the FTIR spectra of the Ag-doped and undoped ZnO nanopar-
ticles.™ The optical properties of the prepared samples were
assessed via absorbance measurements from a high-resolution
UV-vis spectrophotometer in the range of 400-800 nm. SEM
measurements were used for the morphological analysis of
the sample.'¥

2.3. Preparation of Ag—ZnO Carbon-Pasted Electrodes

The prepared S1, S2, S3, and S4 samples were mixed with carbon
paste (1:3ww %) and placed onto the surface of the carbon fiber
electrode separately to construct four working electrodes.!*>!

2.4. Electrochemical Analysis of Beta-D-Glucose with Prepared
Electrodes

KCl voltammetry was used to monitor the electrochemical behav-

ior of the modified electrodes in the three-electrode system. The
supporting electrolyte was KCI, the reference electrode was AgCl,
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the counter electrode was a platinum (Pt) wire, and carbon-pasted
Ag-doped and Ag-undoped ZnO-NPs were used as working
electrodes. The electrochemical behavior of all the electrodes
was examined in a 0.1 mol L' KCI solution via chronoamperom-
etry. The current response of each sample was recorded in the
potential range between —0.2 and 0.5V at 50mVs ™" scan rate.
The electrocatalytic activity of the electrodes was investigated
in the presence of 5mM glucose and 1mmol L™! H,0, in
0.1 mol L™! phosphate buffer solution (PBS, pH 7.0).'*! The glu-
cose solution was sequentially added to the electrolyte solution
during electrochemical analysis.

3. Results and Discussion
3.1. XRD Outcomes of Pure and Ag-doped ZnO-NPs

The confirmation of ZnO and Ag-doped ZnO nanoparticles is
analyzed through XRD using a Bruker D8 Advance powder
X-ray diffractometer with Cu Ka (A =1.5406 A) radiation. The
presence of various symmetrical reflections in the diffraction pat-
tern of ZnO (Figure 1) complements the wurtzite hexagonal
phase, suggesting that the hexagonal crystal of ZnO is rather
than cubic. The ZnO crystal phase is highly consistent with
the XRD pattern of JCPDS card number 146--1451. The other
reference code used for the analysis was 01-080-0075.1"7-8
The peaks of the 4% Ag-ZnO-NPs, 3% Ag-ZnO-NPs, and 2%
Ag-ZnO-NPs show good crystalline patterns.!'” The reflections
of diffraction associated with impurities were not evident in
the spectrum. Additionally, the exquisite reflections support
the exceptional crystalline phase of the ZnO and Ag-ZnO-NPs.

Furthermore, the shift of the zinc oxide lattice toward higher 2
theta (degrees) values at regular intervals in S2, S3, and S4 was
similar to the current XRD results as reported in Table 2. This
finding indicated that increasing the silver content verified the
productive integration of Ag into the zinc oxide structure.
Silver doping increased the number of active sites in the crystal
lattice of zinc oxide.!'”~"?!
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Figure 1. XRD study of ZnO and AgZnO.
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Table 2. Comparison of the crystallite sizes obtained by XRD with
crystallite sizes obtained by Scherrer’s formula.

Crystallite size from XRD Crystallite size from Scherrer formula

ZnO 30.6 nm ZnO 25.8 nm
2% Ag-doped ZnO 24.5nm 2% Ag-doped ZnO 22.1nm
3% Ag-doped ZnO 20.5nm 3% Ag-doped ZnO 19.4nm
4% Ag-doped ZnO 18.5nm 4% Ag-doped ZnO 17.8 nm

3.2. UV-Visible Analysis

A UV-vis-NIR spectrophotometer (Shimadzu UV2600 plus)
equipped with an integrating sphere was used to assess the opti-
cal absorption and transmission of all prepared samples as
shown in Figure 2. The maximum absorbance of ZnO is
observed around 370 nm, which corresponds to the UV region.
This is due to the bandgap energy of ZnO, which is #3.37 eV due
to the energy corresponding to 360-380 nm matching the
bandgap energy of ZnO, allowing electrons to transition from
the valence band to the conduction band. ZnO has a high exciton
binding energy (260 meV), leading to the formation of excitons
(electron-hole pairs) at room temperature. These excitons con-
tribute to the strong absorbance around 360-380 nm. ZnO nano-
particles exhibit quantum confinement effects, which enhance
the absorbance due to increased oscillator strength ZnO’s
wurtzite crystal structure and lattice vibrations (phonons) also
influence the absorbance spectrum.

Ag doping introduces localized surface plasmon resonance
(LSPR) effects, leading to increased absorbance in the visible
region 536 nm. The absorption peak in the UV region shifts
to longer wavelengths (e.g., 380-400 nm) due to the introduction
of Ag-related energy levels. Ag doping can enhance the absor-
bance intensity, particularly in the UV-vis region. As the doping
increases from 2 to 3% and 4%, it is observed that absorbance
increases in the visible region due to LSPR in the visible region

Absorbance (a.u)

T T T T T T T T T T T
200 300 400 500 600 700 800
Wavelength (nm)

Figure 2. UV-absorption spectra of pure ZnO and Ag-doped ZnO.
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(450-600 nm). LSPR enhances energy transfer from incident
light to ZnO, increasing absorbance. LSPR-induced scattering
localizes light within the ZnO matrix, prolonging interaction
time and boosting absorbance. LSPR generates strong near-fields
around Ag NPs, amplifying light-matter interactions.!®!

Four percent Ag doping levels can lead to increased LSPR
effects and smaller particles (~1-5nm) exhibit broader LSPR
spectra. Enhanced visible light absorbance improves photocata-
Iytic activity. Its increased absorbance boosts photovoltaic perfor-
mance. The absorption of spectrum revealed that a sample with a
high silver concentration (4% Ag-ZnO-NPs) has high optoelec-
tronic properties, whereas a sample with a low silver concentra-
tion (2% Ag-ZnO-NPs) has less significant optical properties in
the UV region.

Moreover, the optical and electrocatalytic properties were sub-
stantially enhanced by the high concentration of silver in the
ZnO structure. This inference is correlated with the absorbance
spectrum of our study; the peak of the 4% dopant appears higher
than that of the ZnO structure, which is 2% and 3% dopant in
concentration,['*2%

3.3. Transmittance

The transmittance of ZnO is high and noted to be 23% in the
visible region at the range of wavelength of 450 nm, whereas it
decreases with increasing Ag concentration for 2% Ag-ZnO, 3%
Ag-Zn0, and 4% Ag-ZnO showing 21%, 15%, and 8%, respec-
tively, for the 4% as observed in Figure 3. This decreased level
of transparency suggests that the sample has excellent optical
quality as mentioned in Figure 3.

Increasing Ag concentration in ZnO can significantly impact
its transmittance. Ag nanoparticles can absorb light, reducing
transmittance, especially in the visible region. The increased
Ag concentration can shift the absorption edge toward longer
wavelengths, affecting transmittance, as Ag nanoparticles can
scatter light, reducing transmittance.

25
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Figure 3. Transmittance of ZnO and Ag-ZnO.
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The Ag nanoparticles absorb light, reducing transmission.
Ag nanoparticles scatter light, reducing transmission.
Excessive Ag doping can introduce defects, reducing transmit-
tance. Ag doping can reduce ZnO’s optical bandgap, affecting
transmittance.

3.4. FTIR Analysis

The chemical conformations of the all-prepared samples were
determined via FTIR spectroscopy (Thermo Scientific Nicolet
iS 5 USA) as shown in Figure 4. The spectroscopy was carried
out at wavenumbers ranging from 500 to 40 000 cm ™~ ". The acute
peak of pure zinc oxide was observed at 564 cm™". The peaks of
2% Ag-ZnO-NPs, 3% Ag-ZnO, and 4% Ag-ZnO exhibited some-
what similar patterns.™”! Similarly, for the ZnO sample, sharp
peaks at 1090 cm ™" were observed for the 2% and 3% doped sam.-
ples. A broad peak was observed at 1540 cm ™' due to the bending
vibration of H,0. This inference supported the previously
reported literature that silver as a dopant did not impact the
hydrophilic character of pure zinc oxide nanoparticles.”"! The
presence of additional phases or impurities has been reported
in 3% and 4% doped samples; the difference in pattern is due
to the further phases of the AgO/AgO, or impure samples.!™”’
Ag doping affected the bond length and caused slight variations
in the peaks of the FTIR spectra. The poor stretching and vibra-
tion in the IR region of the spectra were due to decreased bond
length as shown in Figure 4.

3.5. SEM Analysis

The SEM (Cube II Emcraft South Korea) setup is used to analyze
the morphology which is relatively arranged, along with a high
degree of sample agglomeration. Clusters of minute nanopar-
ticles were observed in each sample. The structures of the 4%
Ag-doped, 3% Ag-doped, and 2% Ag-doped samples appeared
as clusters of tiny hexagonal-shaped nanorods, indicating their
relevance to the XRD results of the samples. The head-to-head

14
4% AgZnO
- M W
’M/ \/ 3% AgZnO
;\? . M/\/\W
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s
E 114
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Wave number (cm'1)

Figure 4. FTIR analysis of ZnO and Ag-doped ZnO.
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and side-to-side fusion of the nanoparticles resulted in clusters of
particles. The integration of the doped material did not readily
influence the morphology of ZnO. Ag doping increased the
asymmetry of the nanoparticles and resulted in agglomeration.
However, a somewhat different morphology was observed for the
4% Ag-doped sample. Symmetrically organized hexagonal nano-
rods were observed. The presence of agglomeration in the
particles and various crystallites highlights the poor crystallinity
but does not influence the dimension of the particles.*” The par-
ticles were held together by weak forces in all the samples, and
these outcomes corroborated those of the present study.'**
Silver doping did not result in any substantial change in the
structure of the particles, and the crystallite dimensions of
the pure and doped samples in the SEM images remained the
same as reported in Figure 5.

The grain size of all the samples was measured through
Image] software, and a decrease in the grain size was found with
increasing doping agent. Increased Ag doping decreases the
bandgap energy, shifting the absorption edge toward the visible
region. Higher Ag doping concentrations increase absorption in
the visible range, making it suitable for photocatalytic applica-
tions. Ag doping enhances the electrical conductivity of ZnO
through the introduction of extra electrons. Higher Ag doping

. i L ™ -
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3.0m x3835
9.64mm 10.00kV 12.00 DET

ZnO

i
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concentrations lead to an increase in the carrier concentration,
affecting the electrical behavior of the material. Ag doping
improves the photocatalytic efficiency of ZnO, especially for
visible-light-driven reactions. Higher Ag doping concentrations
can increase ROS production, enhancing photocatalytic activity.
Ag doping can decrease the grain size, resulting in an increased
surface area and improved photocatalytic activity. Higher Ag dop-
ing concentrations can cause changes in the crystal structure,
potentially leading to increased defects and enhanced photocata-
Iytic performance as mentioned in Figure 6. Ag doping can
impart antibacterial properties to ZnO, making it suitable for
biomedical applications. Higher Ag doping concentrations can
affect the material’s stability, potentially leading to increased
degradation or oxidation.

3.6. Chronoamperometric Analysis

The material was subjected to amperometric analysis potentiostat
(Autolab, PGSTAT-30) with a frequency analyzer to determine
the sensing response over time. The amount of silver-doped zinc
oxide nanoparticles combined with the graphite powder to make
a fine powder influences the efficiency of the working electrode.
Ag-ZnO nanoparticles have been employed as oxidation probes.

WD HV Probe — 3 2022.6.28
5,0ym x2105
10.04mm 10.00kV 12.00 DET  SEI

2%Ag doped ZnO

WD | HV | Probe  mem e 2022628
5.0ym x2304
40.42mm 10.00kV 12.00 DET  SEl

Figure 5. SEM analysis: a) ZnO, b) 2% Ag-doped ZnO, c) 3% Ag-doped ZnO, and d) 4% Ag-doped ZnO.

Phys. Status Solidi A 2024, 2400817

2400817 (5 of 9)

© 2024 Wiley-VCH GmbH


http://www.advancedsciencenews.com
http://www.pss-a.com

ADVANCED
SCIENCE NEWS

physica
status
solidi
[J))

www.advancedsciencenews.com

60
50
E 40
o
N
7
£ 304
i
o
20
ol \.

T T T
0.00 0.01 0.02 0.03 0.04

Doping Concentration

Figure 6. Doping concentration vs grain size.

Ferricyanide has been used as a supporting electrolyte to evaluate
the redox potential of modified electrodes. The electron transport
kinetics of each sample were somewhat different. The sequential
addition of hydrogen peroxide played an enzymatic role, and the
data were recorded at potentials of +0.5 and —0.2 V, which were
used to measure the H,0, oxidation signals of the glucose level.
The redox peaks indicate the electrochemical behavior of the
pure zinc oxide nanoparticles and the remaining three silver-
doped zinc oxide samples. An increase in the conducting capacity
and catalytic ability of the Ag-ZnO-modified electrode was
observed as cited in Figure 7.

The electron transfer of the Ag-ZnO-modified electrode
increased with the coupling of the solution and electrode. The
number of electroactive sites at the electrodes increased due
to silver doping. The four modified electrodes were prepared rel-
ative to the ZnO 2% Ag-doped ZnO, 3% Ag-doped ZnO, and 4%

4% AgZnO
300+
250+
3% AgZnO
z 200+
=
‘g 150 2% AgZnO
5
o
100
ZnO
50 1
0 -
T T T T T T T T T T T
0 10 20 30 40 50 60

Time(Sec)

Figure 7. Amperometric behavior of ZnO and Ag-doped ZnO.
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Ag-doped ZnO. The potential of the working electrodes was
assessed via a multistep chronoamperometry approach. The scan
rate was maintained at 50mVs~' to estimate glucose. The
response time increased exponentially with increasing current
intensity. When a substantial amount of glucose was present,
the 4% Ag-doped ZnO generated a pattern with a high current
response peak. The oxidation and intensity peak of ZnO was the
lowest among the samples. The amperometric findings in this
work were consistent with those of past studies.

The electroactive surface area was increased by silver doping.
A similar inference was made in the present study because effi-
cient electron transfer was observed in the Ag-ZnO-prepared
electrode. Comparatively, the modified electrode seems more
efficient than the pure zinc oxide-prepared electrode. This means
that the number of active sites on the Ag-ZnO-modified electrode
increased.!"”! Integrating Ag into the zinc oxide structure is favor-
able because zinc oxide is an n-type semiconductor. However, Ag
is a p-type impurity. Hence, Ag doping constructively favors the
development of p-type zinc oxide semiconductors.*? Silver suc-
cessfully occupies the oxygen vacancies in the structure of ZnO.
Silver doping smooths the surface of ZnO, reducing the degree
of randomness. When the dopant is coated on the carbon fiber
electrode, the surface becomes smooth and promotes a uniform
orientation. Increasing the value of the dopant significantly
increased the current response with time.*"** In a similar con-
text, the performance of the ZnO-based glucose biosensor was
improved with silver doping, which increased the electrocatalytic
efficiency for glucose oxidation in the present work.

3.7. Temperature-Dependent Chronoamperometric Analysis

The sensing properties of the ZnO and Ag-doped ZnO samples
are shown in Figure 8, which reveals that they have good sensi-
tivity and response times with respect to temperature. Figure 8
shows the low response of the 5 mM glucose solution with the
ZnO sample compared with the 2%, 3%, and 4% samples as the
temperature increased. This result indicates that silver doping

30 —v—v—v v 7
] / 4% AgZnO
7 v—/f

~ 20+
X
b 3% AgZnO
5 15
&
[} 2% AgZnO
® 10+
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Temprature(°C)

Figure 8. Sensing response vs. temperature.
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and precipitated silver ions can improve the response at temper-
atures ranging from 0 to 300 °C. Ag doping improved the sensing
properties of ZnO and Ag-doped ZnO with increasing tempera-
ture when the electrodes were exposed to a 5 mM glucose solu-
tion, and the best sensitivity was achieved with the sample with
4% Ag-doped ZnO as shown in Figure 8.

Enhance electron mobility, reducing impedance with increas-
ing temperature at the range of 200-300 °C Enhances electro-
chemical activity, increasing current density. Ag-doped ZnO
increases Current density increases with temperature and with
optimal performance at 200-300 °C.

3.8. The Electrochemical Impedance Spectroscopy

The Nyquist curve of ZnO indicates high impedance and low con-
ductivity due to high charge transfer resistance and low electron
transfer process via potentiostat (Autolab, PGSTAT-30) with a fre-
quency analyzer. In the case of Ag-doped ZnO, a decrease in the
curve is reported, as well as an increased conductivity response
because of the increased electron transfer rate. It is also reported
in Figure 9 that the curve becomes low with the increasing Ag
concentration which enhanced electrochemical performance,
increased conductivity, and also improved electron transfer. The
decrease in the curve with Ag concentration is evidence of reduced
impedance and increases the sensing response toward glucose.
The all-impedance measurements are observed at room tempet-
ature as it is also cited in Figure 8 that the sensing response toward
glucose increases with temperature, because at high temperature
the Nyquist curve decreases and it also decreases with the Ag con-
centration due to increased surface area enhancing glucose mole-
cule adsorption, improved electron transfer facilitating glucose
oxidation, and increased conductivity reducing response time.

3.9. Sensing Response

The glucose oxidation peak typically appears between 0.4 and
0.6V (versus Ag/AgCl) in electrochemical measurements, such
as cyclic voltammetry (CV) or amperometry. This potential range
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Figure 9. The Nyquist Graph of all samples.
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corresponds to the oxidation of glucose to gluconic acid, which is
catalyzed by glucose oxidase (GOx) enzyme.

GOx catalyzes the oxidation of glucose to gluconic acid, pro-
ducing hydrogen peroxide (H,0,) as a byproduct. The glucose
oxidation reaction occurs at the electrode surface, typically made
of platinum, gold, or carbon materials. The potential range of
0.4-0.6V is optimal for glucose oxidation, as it allows for efficient
electron transfer between the enzyme and the electrode.

Factors influencing the glucose oxidation peak potential are
pH, temperature, electrode material and surface modification,
GOx enzyme loading and activity, and glucose concentration.

A silver-doped zinc oxide-modified electrode was used to
determine the effects of the presence and absence of interfering
species on the electrochemical behavior of the electrode in a glu-
cose solution. Initially, glucose was detected by the prepared elec-
trode. The scan rate of the CV was maintained at 50mVs '. As
shown in Figure 10, only oxidation peaks were observed via CV.
When glucose was present, the increased electron transfer and
surface activation phenomena increased the peak intensity. A
higher current response was given by the Ag-doped ZnO-
amended electrode in the presence of glucose. When glucose
was added to the buffer solution, the electrochemical reaction
of the Ag-doped ZnO-modified electrode was observed by keep-
ing the scan rate of CV constant. Owing to its reversibility and
very rapid electron transfer rate, the Ag-doped ZnO-modified
electrode strongly improved the electrocatalytic process with
glucose.

Dynamic changes in resistance and the glucose-sensing
response are used to evaluate glucose-sensing characteristics.
Initially, the 4% Ag-doped ZnO sensors were exposed to a
SmM glucose solution. To find the better condition to get
response toward glucose sensor with high accuracy and stability.
Figure 10 shows the dynamic response of the 4%Ag-doped ZnO
sensor to a 5 mM solution of glucose, which is a typical response
of n-type oxides, and the resistance decreases upon exposure
to reducing or increasing the ¢ concentration of the glucose
solution.

Doped ZnO can exhibit improved stability due to the presence
of Ag, which can reduce the reactivity of ZnO with moisture
and oxygen. It also enhances the thermal stability of ZnO.

0mM Glucose|
6.0x10° - SmM Glucose]
4.0x10°®
<
=2
= 2.0x10% 1
f=
[
=
=3
o 0.0
-2.0x10°8
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V vs. Ag/AgCI

Figure 10. Sensing response toward glucose.

© 2024 Wiley-VCH GmbH


http://www.advancedsciencenews.com
http://www.pss-a.com

ADVANCED
SCIENCE NEWS

physica
status
solidi
[J))

www.advancedsciencenews.com

Homogeneity refers to the uniform distribution of components
within the material. In the case of Ag-doped ZnO, homogeneity
is crucial to ensure consistent properties.**>"

ZnO’s high surface-to-volume ratio and Ag doping improve
the sensitivity of glucose detection. ZnO and Ag-doped ZnO
can be functionalized to selectively detect glucose in the presence
of other sugars. ZnO’s stability and Ag doping enhance the
sensor’s durability and resistance to interference. ZnO and
Ag-doped ZnO-based sensors can detect glucose at low concen-
trations, making them suitable for diabetes management.
The sensors exhibit rapid response times, enabling real-time
glucose monitoring. ZnO and Ag-doped ZnO-based sensors
can detect glucose without enzymes, reducing costs and improv-
ing shelf life.

Ag doping enhances the glucose sensing performance by
increasing the surface area, improving the electron transfer rate,
and enhancing the binding affinity for glucose molecules. The
combination of ZnO and Ag doping creates a highly sensitive,
selective, and stable glucose sensor, making it an attractive mate-
rial for diabetes management and monitoring applications.?*!

4, Conclusion

In summary, monitoring blood sugar several times a day is
promising for the successful management of diabetes. In this
study, a conducive and well-grounded approach was followed
to fabricate a nonenzymatic glucose biosensor. The enormous
potential of silver-doped ZnO nanoparticles was clearly evident
in the outcomes. The sol-gel synthesis of pure and Ag-doped
ZnO nanoparticles yields a good product. The potential of
Ag-doped ZnO nanoparticles in glucose sensing has been esti-
mated by the use of a three-electrode system. The semiconductor
and electrocatalytic properties of ZnO NPs have been enhanced
by Ag doping. The excellent performance of the developed sys-
tem was due to the enhanced electron-mediating properties of
Ag-ZnO-NPs. The contrasting studies with different objectives
corroborate the current outcomes. The additional phases were
evident in the FTIR spectrum because silver doping generates
Ag—O0 and Ag—O, bonds. The SEM results revealed a tiny hex-
agonal nanorod morphology in the pure and doped samples, with
no significant change in the crystal dimensions. SEM revealed
symmetrically organized hexagonal nanorods in the prepared
samples, and the morphology of the rods increased with increas-
ing scan rate. The average grain size of the sample was calculated
to be 27.46 nm via Image] software. The UV-absorption spec-
trum revealed that the sample with a high silver concentration
(4% Ag-ZnO-NPs) has less significant optical properties in the
visible region. The maximum absorbance of ZnO is observed
around 370 nm, which corresponds to the UV region, in the case
of 4% Ag doping introducing LSPR effects, leading to increased
absorbance in the visible region 536 nm. The absorption peak in
the UV region shifts to longer wavelengths (e.g., 380-400 nm)
due to the introduction of Ag-related energy levels. The second-
ary phases (Ag—O, Ag—0,) were evident in the FTIR spectrum of
the doped samples. The amperometric behavior of the 4% Ag-
ZnO-NP-modified electrode shows the highest response to
current and generates the highest response peak in the
plot. The Nyquist curve confirmed the improvement of the
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chronometric current toward glucose with temperature. The
sensing response of the 4% Ag-ZnO-NP-modified electrode
at a scan rate of 50mVs™! (measured from —0.2 to +0.5V)
was the highest. The response toward glucose is observed to
improve with temperature. This was an indication of an increase
in electroactive sites due to silver doping; silver doping facilitated
the oxidation of electrons and generated the highest response
peak in the chronoamperometry plot. Overall, this work paves
the way for the use of prepared metal oxide nanomaterials
for transporting electrons in advanced nonenzymatic glucose
biosensing systems.
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