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Avrticle Info Abstract
Received: July 6, 2024 This research aims to develop a sensitive and selective nonenzymatic electrochemical
Revised: July 8, 2024 sensor for glucose detection using a glassy carbon electrode modified with platinum
Accepted: Nov 18, 2024 L X
Online: Dec 16, 2024 nanoparticles (PtNPs) decorated on reduced graphene oxide (RGO). The structural
properties and surface morphology of PtNPs/RGO composite were characterized using
Citation: o Raman spectroscopy and scanning electron microscopy (SEM). In addition, cyclic
":Lsr?{ag"s'sma”&’;ha?'iw " voltammetry (CV) and differential pulse voltammetry (DPV) techniques were employed
Putra, B. R., Saskito, D. I. B.. to investigate glucose measurements in human urine samples. The developed sensor
& Wahyuni, W. T. (2024). shows an increasing anodic peak of glucose with a linear response at a concentration
Nonenzymatic sensor based range from 10 to 1000 pM, with a detection limit of 5 uM. The proposed sensor also
ﬁ:‘og:?fsggjrsg?iﬁhefo‘je demonstrated good reproducibility, indicated by the value of relative standard deviation
nanoparticles decorated (%RSD) of 3.9%, and maintained its current response over seven consecutive
reduced graphene oxide for measurements. Moreover, the proposed sensor exhibited high selectivity for glucose
glucose detection in human detection against several potential interferences, such as potassium (K*), chloride (CI7),

urine. Jurnal Kimia Valensi,
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102), 215-228 magnesium (Mg?*), ascorbic acid, dopamine, and urea, with recovery values of 96

102%, which are acceptable within the analytical range. Furthermore, this proposed
Doi: sensor successfully detected glucose in human urine samples, and their concentrations
10.15408/jkv.v10i2.40035 were not significantly different when measured with a commercial glucose sensor.
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1. INTRODUCTION metabolic indicators, professionals can customize

Monitoring the levels of physiological treatmentsto meetindividual requirements, guaranteeing
molecules closely related to the body's metabolism isan ~ improved health results. The most employed
important stage for disease diagnosis and patient care *.  physiological molecular monitoring is blood sugar
These molecules offer essential information about the monitoring in diabetes patients. Diabetes is a metabolic
body's metabolic activities, aiding healthcare disease characterized by increased blood glucose levels
practitioners in identifying irregularities and efficiently — and can cause serious damage to the heart, blood vessels,
managing health issues. By consistently evaluating these  eyes, kidneys, and nerves 2. Therefore, the characteristics
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of sensor performances such as rapid, high sensitivity,
and real-time are paramount parameters for glucose
sensors for the early detection of diseases such as
diabetes.

Glucose can be measured quantitatively
through various methods, including electrophoresis 2,
colorimetry 45, fluorescence analysis 5
chromatography’, and electroanalysis 2. Among the
methods mentioned above, electroanalysis has been
considered a promising method for glucose detection due
to its several advantages, including simple
measurements, fast response, high selectivity, low cost,
and can be used for real-time measurements 316,

Electrochemical methods have been widely
used to monitor blood sugar levels by taking the patient's
blood and then detecting glucose using a stick sensor 7.
However, this method is invasive, painful for the patient,
and carries the risk of causing infection because the
patient requires repeated examinations every day 8.
Utilizing urine samples presents a non-invasive approach
to glucose detection in patients. Elevated blood glucose
levels can surpass the renal threshold, causing the
kidneys to excrete excess glucose into the urine. This
phenomenon, glucosuria, maybe a diagnostic indicator
of diabetes or other metabolic disorders *°. The
consumption of foods that are high in sugar or
carbohydrates can have a significant impact on glucose
levels in both blood and urine %°. Hence, it is essential to
consider dietary intake when evaluating glucose
measurements. It is generally recommended to abstain
from eating before collecting a sample specimen to
ensure accurate glucose level readings. Fasting helps
minimize the short-term effects of recent meals,
providing a more consistent and fundamental assessment
of glucose levels 2. By implementing this method, the
test results can accurately represent the body's metabolic
state, free from the immediate effects of food. It allows
for a more precise diagnosis and monitoring of metabolic
health.

The electrochemical method used in the
commercial glucose stick test is an enzymatic-based
method that uses glucose oxidase and horse radish
peroxidase for glucose detection 22, However, enzyme-
based sensors have been reported to have several
shortcomings, including complicated procedures for
enzyme immobilization, low stability, and poor
repeatability. In addition, the performance of enzyme
biosensors is limited by environmental conditions such
as pH, temperature, and humidity °. Non-enzymatic
glucose sensors have emerged as a promising alternative
to overcome the limitations of enzymatic sensors. Non-
enzymatic sensors have the potential to reduce sensor
production costs, improve sensor performance, and
increase overall sensor system reliability by eliminating
the need for enzymes 2. However, non-enzymatic
sensors still need to improve their selectivity. This is
because some sugars can be oxidized in the same

potential range as glucose, while electrode performance
can be decreased due to ion contamination, especially
chloride ions (CI) 2. Sensitivity and selectivity can be
increased by expanding the surface and conductivity of
the electrode by modifying it with conductive
materials®.

Several materials have been reported to
enhance electrode performance, including metal 26
Recent research has shown that nanomaterials made of
metal have the remarkable ability to imitate the functions
of enzymes due to their effective activity as a catalyst for
the oxidation reaction of glucose on the surface of an
electrode 2. A study has shown that platinum
nanoparticles (PtNPs) can mimic the functionality of
peroxidase enzymes in detecting glucose %. Apart from
metal-based nanomaterials, carbon-based nanomaterials
have also been widely used to develop electrochemical
sensors 2, One carbon nanomaterial that has been widely
used is graphene. Graphene is an allotrope of carbon in
the form of a single two-dimensional graphite layer,
arranged hexagonally, sp? bound, and very stable. The
oxidation process of graphene will produce a new
compound called graphene oxide (GO), which has many
carboxyl, hydroxyl, and epoxy functional groups and is
very well dispersed in water. This nanomaterial has
several advantages, including having a high theoretical
specific surface area, good conductivity, and stability at
room temperature *°. The use of carbon nanomaterial,
namely reduced graphene oxide (RGO) as a sensor, has
been previously reported and proven to increase the
conductivity of the electrode surface 3132,

Nevertheless, regarding the advantages of
modifying materials that can be used to improve
electrode performance, this is the first time anyone has
reported the usage of platinum nanoparticles (PtNPs) and
RGO to be employed for the fabrication of non-
enzymatic glucose sensors in human urine. Therefore,
we proposed the development of a non-enzymatic
electrochemical sensor for glucose detection using a
carbon-based electrode modified with RGO and PtNPs
that can be used for non-invasive glucose detection in
human urine. By utilizing urine as a sample, we can
achieve reliable glucose monitoring without the
associated discomfort and risks of blood sampling. This
paper highlights the potential of urine-based glucose
detection, presenting a non-invasive technique that
maintains high accuracy and sensitivity, comparable to
commercial sensors.

2. RESEARCH METHODS
Materials and instruments
The chemicals used in this research, such as
glucose, graphite powder, KMnQOs, H;SOs, KPtCly,
NaOH, dopamine, MgSO., and urea, were obtained from
Sigma Aldrich. H20,;, KsFe(CN)s, and HCIl were
purchased from Merck, while KCI and ascorbic acid
were obtained from HiMedia. The equipment used in this
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research consisted of Palmsens Emstat3 potentiostat
(ES316U669), electrode compartments and connectors,
Field Emission Scanning Electron Microscope (FE-
SEM) (Apreo 2 Thermo Scientific), Raman spectroscopy
(HORIBA HR Evolution Raman Microscopes),
sonicator, EasyTouch® GCU and computer with
PSTrace 5.9 software (Palmsens), OriginPro 2018
(OriginLab,  Northampton),  general laboratory
glassware, and analytical balance.

2.1.Synthesis of Graphene Oxide (GO)

GO was synthesized from graphite using a
Hummer method with some modifications **. Briefly, 1
g of graphite and 0.5 g of NaNO; were mixed with 25
mL of H>SO4 and stirred for 1 hour at 0 °C. Then, 3 g of
KMnO4 was slowly added while maintaining the
temperature below 20 °C and stirred for 1 hour. The
solution was left at room temperature (25 °C) for 30
minutes. Subsequently, 50 mL of water was slowly
added, raising the temperature to 90-95 °C. The mixture
was stirred for 1 hour and left to rest for 15 minutes.
Next, 50 mL of 30% H,O, was added to stop the reaction,
and the mixture was stirred for another hour. The
resulting GO was filtered, washed with distilled water,
and dried in an oven at 80 °C for 8 hours. The obtained
product was then analyzed using Raman spectroscopy.

2.2.Synthesis of Reduced Graphene Oxide (RGO)

Graphene oxide (GO) was reduced to reduced
graphene oxide (RGO) using the previous method*.
Initially, 400 mL of distilled water was combined with
400 mg of GO and subsequently added with 4 g of
ascorbic acid. The solution was stirred with a magnetic
stirrer for 30 minutes at 60 °C. The resulting product was
centrifuged at 3800 rpm for 40 minutes to remove the
supernatant. To oxidize any remaining ascorbic acid, an
excess of 30% H,O, was added to the filtrate, and the
mixture was stirred for an additional 30 minutes at 60 °C.
The precipitate was separated from the supernatant again
by centrifugation at 3800 rpm for 40 minutes. Afterward,
the filtrate was washed using ethanol in three replicates
and with distilled water and dried at 120 °C for 24 hours.
The final product was analyzed using Raman
spectroscopy.

2.3. Modification of GCE with RGO/PtNPs

The surface of a glassy carbon electrode (GCE)
as a working electrode was modified with 4 pL RGO (1
mg/mL in water). Then, platinum electrodeposition was
performed by cyclic voltammetry (CV) technique at the
potential range from +1 V to -0.3 V vs. Ag/AgClI for 20
cycles with a scan rate of 100 mV st using 5 mM KPtCl,
solution in 0.5 M H,SO4 as an electrolyte solution. The
electrode was then defined as a glassy carbon electrode
modified with platinum decorated on reduced graphene
oxide (GCE/RGO/PtNPs).

2.4. Evaluation of Electrochemical Behaviour of
Glucose at Modified Electrode

Electrochemical impedance spectroscopy
(EIS) was used to study the electrochemical behavior of
glucose on GCE/RGO and GCE/RGO/PtNPs. For the
EIS evaluation, a 1 mM K3Fe(CN)s solution in 0.1 M
KCl was prepared, and the resistance was measured. EIS
analysis of the electrode was performed in several
experimental parameters such as equilibrium time (3 s),
scan type (fixed), Eac (0.01 V), and frequency range (1 to
10° Hz). To analyze EIS results, an equivalent Randles
circuit consisting of a resistor and a capacitor was
constructed to interpret the interfacial phenomena on the
electrode/electrolyte interface. This equivalent circuit
was employed to determine the resistance values of the
electrode and the solution through a suitable fitting
mode.

Then, the electrochemically active surface area
(ECSA) of GCE/RGO/PtNPs was determined by
measuring 1 mM Kj[Fe(CN)g] solution in 0.1 M KCl
using the CV technique. The employed potential in this
CV technique in the window ranges from +0.8 to -0.8 V
vs. Ag/AgCl. The scan rates used in this CV technique
were varied at 25, 50, 100, 150, 200, and 250 mV/s to
determine the ECSA of the modified electrode.

Meanwhile, the diffusion coefficient of
GCE/RGO/PtNPs was determined by measuring glucose
solution in the concentration range of 0.1 mM to 1 mM
using the chronoamperometry technique. The
experimental parameters used in this technique involved
an applied potential of 0 V and a scan time of 120 s.

Next, glucose measurements were investigated
using the square wave voltammetry (SWV) technique
with three modified electrodes (bare GCE, GCE/RGO,
and GCE/RGO/PtNPs). A solution of 10 mM glucose in
0.1 M NaOH was prepared and employed for glucose
measurements using square wave voltammetry at a
frequency of 10 Hz, a potential step of 5 mV, and a range
of potential window from -0.6 to +0.1 V vs. Ag/AgCL

2.5. Analytical performance of GCE/RGO/ PtNPs

The analytical performance of
GCE/RGO/PtNPs in glucose sensing was evaluated in
several parameters, including linearity, limit of detection
(LOD), limit of quantitation (LOQ), reproducibility,
stability, and selectivity.

Linearity

The glucose solution was prepared in the
concentration range from 0.1 to 1 mM using 0.1 M
NaOH as an electrolyte. The glucose measurements were
carried out using the SWV technique at a frequency of
10 Hz, a potential step of 5 mV, and the range of potential
window from -0.6 to +0.1 V vs Ag/AgCl. Linearity was
analyzed using the calibration curve created from
glucose concentration as the x-axis and glucose oxidation
current as the y-axis. Thus, the coefficient of
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determination (R?) obtained from linearity studies can be
determined as the highest sensitivity indicated by R* = 1.
In addition, LOD and LOQ were calculated based on the
ratio of signal-to-noise, with the LOD value estimated at
3:1 and LOQ at 10:1.

Reproducibility, Stability, and Selectivity

Reproducibility was evaluated by preparing six
modified electrodes based on GCE/RGO/PtNPs and
employing them to measure 1 mM glucose in 0.1 M
NaOH in triplicate experiments. Meanwhile, the stability
of GCE/RGO/PtNPs was investigated by measuring 0.1
M NaOH containing 1 mM glucose using a similar
electrode for 7 consecutive measurements. In addition,
the selectivity of GCE/RGO/PtNPs was studied by
measuring 1 mM glucose in 0.1 M NaOH in the presence
of several interfering species such as ascorbic acid,
dopamine, urea, and magnesium in the concentration
ratio of 1:1. All electrochemical measurements were
carried out using SWV technique at a frequency of 10
Hz, potential step of 5 mV, and the range of potential
window from -0.6 to + 0.1 V vs. Ag/AgCl.

2.6. Applicability of GCE/RGO/PtNPs for glucose
detection in human urine samples

Urine samples were taken from 5 healthy
volunteers after fasting for approximately 8 hours
(consuming only water) before sample collection. The
samples were then collected in sterile containers,
individually packaged, and labeled. This procedure was
approved by the Human Research Ethics Committee of
the Bogor Agricultural University with Ethical approval
number 175/1T3.KEPMSM-IPB/SK/2024. Then, the
human urine samples were diluted 5 times in 0.1 M
NaOH with the addition of glucose and diluted to a final
volume of 10 mL. The obtained concentrations of
glucose solution were 60, 80, 100, 200, 400, and 600 uM.
Then, an electrode based on GCE/RGO/PtNPs was
applied to measure the glucose concentration in human
urine samples using the SWV technique with the
standard addition method. The obtained results from the
proposed sensors were then compared with a commercial
glucose check kit as a reference method and
subsequently analyzed using a statistical analysis (#-
Student test) at a 95% confidence interval.

3. RESULTS AND DISCUSSION
3.1. Characterization of the surface of the modified
electrode using Raman and FESEM

Figure 1A shows the obtained Raman spectra
for 3 different materials, e.g., graphite, GO, and RGO,
indicating three prominent peaks associated with the
characteristics of carbon-based nanomaterials. The first
peak, the D band, corresponds to the breathing modes of
sp2 atoms in graphene and requires a defect for its
activation, often indicating the presence of disorder or

defects in the graphene structure **. The G band
originates from the C-C stretching of sp? hybridized
carbon in the graphite material structure. The 2D peak is
equivalent to the number of stacked graphene layers ¢
The 2D band detected in graphite was not observed in
either GO or RGO, indicating successful exfoliation of
the graphene layer into GO and RGO. Additionally, the
intensity ratio of the D/G (Ip/lg) band decreased to 1.13
in RGO compared to GO, due to the removal of
functional groups and the restoration of the graphene
layer structure. In addition, based on Figure 1A, the Ip/lc
ratio for RGO/PtNPs shows a slight decrease compared
to RGO, suggesting that the PtNPs are decorated on the
RGO without altering its planar structure .

Figures 1B and 1C show the surface
morphology of RGO and RGO/PtNPs obtained from
SEM-EDS analysis. The RGO structure in Figure 1B
displays several crumpled nanosheets of graphene layers,
while the presence of PtNPs spheres on the surface of the
RGO sheet was obtained via the electrodeposition
method as shown in Figure 1C. This observation is
consistent with previous reports that electrodeposited
PtNPs typically exhibit a round shape 3. Additionally,
the EDS spectrum confirmed the presence of platinum,
indicating the successful electrodeposition of PtNPs on
the electrode surface. The average size of the PtNPs was
measured to be 51.36 nm. This size is quite similar to
previous studies reported electrodeposited Pt
nanoparticles with average sizes ranging from 30 to 50
nm on reduced graphene oxide, demonstrating that
nanoparticles can be effectively utilized for catalytic
applications . The impact of nanoparticle size on
catalytic performance is well-documented. Smaller
PtNPs generally offer higher surface area-to-volume
ratios, leading to more active sites and improved
catalytic efficiency. Conversely, larger PtNPs, while
potentially offering fewer active sites, can provide
enhanced stability and are less prone to agglomeration,
which can benefit specific electrochemical applications.

3.2. Electrodeposition PtNPs on GCE/RGO
Platinum  nanoparticles  (PtNPs)  were
synthesized using electrodeposition  techniques,
specifically cyclic voltammetry, which was carried out
for 20 cycles. Figure 2A illustrates the electrodeposition
process of PtNPs on the GCE/RGO surface. During the
initial cycle, a faint reduction peak associated with the
reduction of platinum was observed. As the cycle
progressed, the peak intensity increased, and at the 20™
cycle, a pair of well-defined oxidation and reduction
peaks were observed at -0.19 V vs Ag/AgCl. This
phenomenon is due to hydrogen's adsorption and
desorption processes on the Pt particles “°. In addition, an
anodic peak at 0.29 V vs Ag/AgCI was observed. This
peak indicates an irreversible reaction, facilitating
platinum material's continuous nucleation and growth on
the electrode surface .. The appearance of these redox
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peaks indicates that the deposition of Pt has been
successfully achieved. The significant increase in peak
current reduction with each cycle indicates the
progressive accumulation of PtNPs, which increases the
electroactive surface area of the electrode. The larger
surface area provided by the deposited PtNPs is essential
for improving the electrocatalytic performance of the
electrode.

3.3. Electrochemical impedance spectroscopy (EIS)
analysis of the modified electrode

Electrochemical impedance spectroscopy
(EIS) was performed to evaluate the electrochemical
properties of the bare and modified electrodes, as shown
in Figure 2B. Nyquist plots were obtained for (a) bare
GCE, (b) GCE/RGO, and (c) GCE/RGO/PtNPs in a
solution of 1 mM KsFe(CN)s in 0.1 M KCl within a
frequency range from 10° kHz to 1 kHz and an AC
amplitude of 10 mV at the open circuit potential (OCP).
The Nyquist plots 2 shows the fitted impedance data used
to estimate the solution resistance (R1), charge-transfer

resistance (R2), and double-layer capacitance (C1).
Figure 2B shows that the bare GCE exhibited the highest
R2 value (261.43 Q), indicating poor electron transfer.
When the GCE was modified with reduced graphene
oxide (RGO), the R2 value significantly decreased to
157.51 Q, showing improved electron transfer due to the
highly conductive nature of RGO. Finally, the
GCE/RGO/PtNPs electrode had the lowest R2 value of
84.40 Q, indicating the best electron transfer
performance. This drastic reduction in charge transfer
resistance can be attributed to the excellent conductivity
of RGO and the catalytic properties of the PtNPs, which
collectively facilitate faster electron transfer. The
improved electron transfer kinetics of GCE/RGO/PtNPs
is crucial for efficient glucose sensing, as it directly
impacts the electrode sensitivity and response time. The
combination of RGO, which enhances the overall
conductivity, and PtNPs, which act as electrocatalysts,
creates a highly efficient platform for glucose
electrooxidation.
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Figure 1. Raman spectra of (A) graphite, GO, and RGO, (B) RGO and RGO/PtNPs. FESEM images of (B) RGO and (C)
RGO/PtNPs.
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3.4. Electroanalytical Behavior of the Modified
Electrode for Glucose Detection

The electrochemical behavior of the bare GCE
and the modified electrodes was evaluated using square
wave voltammetry (SWV) in the potential range from -
0.6 V t0 0.1 V vs. Ag/AgCI. Square Wave Voltammetry
was selected due to its superior sensitivity and ability to
detect low-concentration analytes such as glucose, even
in complex matrices. Compared to other voltammetric
techniques, SWV provides enhanced signal-to-noise
ratios, making it highly suitable for detecting subtle
changes in the electrochemical behavior of modified
electrodes. This technique allows for rapid data
collection and produces clear, well-resolved peaks,
facilitating the identification of oxidation and reduction
processes. In particular, SWV is ideal for studying
glucose oxidation because it allows for the precise
measurement of electron transfer Kkinetics associated
with glucose electrooxidation #2. These characteristics
make SWV the optimal choice for analyzing the

enhanced electrochemical activity  of  the
GCE/RGO/PtNPs electrode in this study. Figure 2C
shows the SWV response for glucose detection on three
electrodes: bare GCE, GCE/RGO, and
GCE/RGO/PtNPs. A clear oxidation peak at -0.275 V vs
Ag/AgCl is observed only with the GCE/RGO/PtNPs
electrode. In contrast the bare GCE and GCE/RGO
electrodes did not exhibit an anodic oxidation peak
within the measured potential range. Platinum metal has
previously been reported to catalyze the electrooxidation
of glucose to gluconic acid 2%, The synergistic effect
between the conductive properties of reduced graphene
oxide (RGO) and the electrocatalytic properties of PtNPs
enhances the electron transfer during glucose oxidation.
This synergy results in a higher current response and
improved the GCE/RGO/PtNPs electrode sensitivity.
Furthermore, Figure 2D provides a schematic
illustration of the anodic oxidation process of glucose on
the surface of the GCE/RGO/PtNPs electrode. The
illustration demonstrates how the presence of PtNPs
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facilitates glucose oxidation, leading to gluconic acid
formation and the release of electrons. The conductive
nature of RGO ensures efficient electron transfer from
the glucose oxidation process, further amplifying the
signal. Thus, the GCE/RGO/PtNPs electrode is a highly
effective platform for glucose detection, combining the
electrocatalytic activity of PtNPs with the excellent
conductivity of RGO. This modification significantly
lowers the charge-transfer resistance and increases the
electrochemical performance, as demonstrated in the
Nyquist plots from electrochemical impedance
spectroscopy (EIS) analysis. Thus, GCE/RGO/PtNPs
were selected for further studies to investigate the
electrooxidation process of glucose.

The electrochemically active surface area
(ECSA) of bare GCE and GCE/RGO/PtNPs can be
investigated by obtaining a voltammogram in a different
scan rate against the anodic current of compound

Ks[Fe(CN)e]. Figures 3A and 3B show the cyclic
voltammogram of 5 mM Ks[Fe(CN)e] in 0.1 M KCI
measured with bare GCE and GCE/RGO/PtNPS. The
insets in these figures show the linear relationship
between the scan rate and the oxidation and reduction
currents of 5 mM Ks[Fe(CN)g] in 0.1 M KCI measured
with bare GCE and GCE/RGO/PtNPs. Thus, the ECSA
of bare GCE and GCE/RGO/PtNPs were determined
using the Randles-Sevcik equation

Ip = (2.69 x 10°) AD¥2n¥2,12C (1)

where |, is the peak current for the oxidation or reduction
of KsFe(CN)s (Ampere), n is the number of electrons
involved in the redox reaction of Ks[Fe(CN)g] (1), D is
the diffusion coefficient, A is the effective area electrode
(cm?), visthe scan rate (V s %), and C is the concentration
of K3[Fe(CN)g] solution (mol cm™3).
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Figure 3. Cyclic voltammogram of 5 mM K3[Fe(CN)s] in 0.1 M KC1 measured with (A) bare GCE and (B)
RGO/PtNPS modified GCE. (inset: The linear relationship between scan rate and Oxidation and reduction current
of 5 mM Ki;[Fe(CN)¢] in 0.1 M KCI) (C) Amperometric response of 0.1 M NaOH and glucose in NaOH at various

concentrations measured with GCE/RGO/PtNPs
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The results obtained indicate that the ECSA
of the bare glassy carbon electrode (GCE) is 0.08 cm2,
while that of the GCE modified with reduced graphene
oxide (RGO) and platinum nanoparticles (PtNPSs) is
0.26 cm2 This significant threefold increase
demonstrates that modification with RGO/PtNPs
substantially enhances the effective area. This result
confirms that the surface modifications of GCE with
RGO/PtNPs provide more active sites for
electrochemical reactions for the oxidation and
reduction process. Previous studies reported similar
enhancements in the ECSA or effective surface area
using GCE modified with PtNPs and RGO, which
improved the sensitivity and performance of the
electrode for the simultaneous detection of
electroactive molecules . Another study also
observed substantial increases in the effective surface
area with rGO/PtNPs-modified electrodes, facilitating
improved electrochemical detection of Fe(ll) “6. This
enhancement can be attributed to the high surface area
and excellent conductivity of RGO combined with the
catalytic properties of PtNPs, which create a more
efficient platform for electrochemical sensing. Such
modifications are critical for developing high-
performance sensors, as they directly impact the
electrode's ability to facilitate faster electron transfer
and higher sensitivity, which is essential for
applications  requiring  precise and reliable
measurements.

To further investigate the sensor performance,
the diffusion coefficient for glucose was determined
using the amperometric method by increasing the
glucose concentration from 0.1 — 1 mM (Figure 3C).
Then, the diffusion  coefficient (D) of
GCE/RGO/PtNPs for glucose measurements can be
calculated using the Cottrell equation** as follows:

| = nNFAD*2 Cyyrr /212 @)

where | is the peak current for the oxidation or
reduction of glucose (Ampere), n is the number of
electrons involved in the redox reaction of glucose (2),
where F is Faraday’s constant (96500 C mol?), A is
the electrode surface area (cm?), D is the analyte
diffusion coefficient (cm? s?), and Cy is the analyte
concentration (mol cm~2). The diffusion coefficient for
glucose measurement was determined using
GCE/RGO/PtNPs in alkaline conditions, resulting in a
value of 3.18 x 10-°cm?s%. This value is slightly lower
than the diffusion coefficients reported in previous
studies. Previous studies reported a diffusion
coefficient of 8 x 10 cm? s using a GC/Ni electrode
47 and 6.49 x 10° cm? s with a cobalt hydroxide-
modified glassy carbon electrode*. The discrepancies
can be attributed to several factors related to the
experimental conditions, including temperature,
electrolyte concentration, and viscosity. The unique

catalytic properties of the GCE/RGO/PtNPs electrode
may also influence the glucose diffusion process.
Factors such as surface area, electrode porosity, and
interactions between the modified surface and glucose
could also affect the diffusion rate. We noted that a
higher diffusion coefficient correlates with increased
mass transport and reaction Kinetics on the electrode
surface, while the opposite is valid for a lower
diffusion coefficient 451,

3.5. Analytical Performance of GCE/RGO/PtNPs

Figure 4A show glucose measurements with
GCE/RGO/PtNPs showed a linear relationship at
concentrations of 10-100 uM and 100-1000 uM with
the equation 1, (MA) = 0.0254Coqlucose (M) + 1.3175;
R? = 0.9951 and I, (MA) = 0.0084Cgiucose (UM) +
2.9443; R? = 0.991. Thus, it can be calculated the
values of LOD and LOQ for glucose measurement
were 5 UM and 10 pM, respectively. These values are
below the maximum limits for normal glucose levels
in human urine (10 mM)%, indicating that the
developed sensor has the potential for application to
real samples 3. Meanwhile, stability was evaluated by
performing repeated measurements using a single
modified electrode. The results demonstrate that a
relative standard deviation (%RSD) of less than 5%,
specifically 3.8%, was achieved by the seven
consecutive measurements for glucose detection
(Figure 4B). Reproducibility was evaluated by
measuring glucose with 5 individual modified
electrodes and obtained %RSD values lower than 5%
(Figure 4C). The selectivity of the GCE/RGO/PtNPs
sensor was evaluated in the presence of ions such as
K*, Mg#"and CI- as well as organic molecules such as
ascorbic acid, urea, and dopamine. The obtained result
showed that glucose measurements were not
influenced by the presence of several potential
interfering species, indicated by the values of recovery
percentage within the acceptable analytical range
(Figure 4D) **. The electrochemical performance of
GCE/RGO/PtNPs can be compared with previously
reported electrochemical sensors (Table 1). This
comparison highlights the effectiveness of the
GCE/RGO/PtNPs sensor in achieving low detection
limits and maintaining reliable performance across
multiple evaluations.

3.6. Real samples analysis

The determination of glucose in urine
samples was performed using the standard addition
method by adding standard glucose concentrations (0,
60, 80, 100, 200, 400, and 600 uM) to the urine
samples, followed by electrochemical measurement
using the SWV method on the GCE/RGO/PtNPs
sensor. The results were compared with those obtained
using a commercial glucose kit sensor, as shown in
Table 2. Additionally, voltammograms for the original
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urine samples and those spiked with glucose were
recorded, and a linear relationship between glucose
concentration and current was established (Figure 5A
and 5B). A statistical study was conducted to evaluate
the performance of the developed sensor compared to
the commercial kit. The glucose levels measured by
the two methods were then compared at a 95%
confidence level, and no significant difference was
found between the two methods of measurement. The
results revealed that the t-statistic value of -1.07 did
not exceed the critical t-value of 2.30, indicating no
statistically significant difference between the sensor
and the commercial kit for determining glucose in
urine. These findings suggest that the proposed sensor
has the potential to be utilized on actual urine samples
and can be further developed for routine urine glucose
detection.

Multiple investigations have confirmed the
precision and dependability of urine glucose
detections, emphasizing their robust association with
blood glucose levels, particularly in cases of high
blood sugar. The previous research reported that a
flexible graphene paper modified with Pt and Pd alloy

I(uA)

14
16 1y = 0.0084x +2.9443
~12 R?=0.991
A 12 =
10 - - ; = 0;)25':;9;;1‘3”5
500 1000
_ 81 [Glucose] (uM)
<
= 64
4 1000 uM
24
10 uM
04
-2 T T T T T
-045 -040 -0.35 -0.30 -0.25 -0.20
E(V) vs Ag/AgCI
12 %RSD: 3.951

8
—_
X
=
4
2
0
1 2 5 6

Electrodes

nanoparticles was able to assess glucose levels
consistently in urine samples in clinical environments,
and the results were similar to those of blood
glucose®. Another study showed that —Cu(ll)-
Ni(I)/SBA-15 sensor had excellent sensitivity and
specificity when tested in artificial human blood
serum and urine *’. A recent study has further
emphasized the specificity of nonenzymatic glucose
sensors. Comparative studies on the selectivity of
sensors in blood and urine samples have demonstrated
that blood samples exhibit high selectivity in the
presence of fewer interfering compounds. However,
urine samples can reach equivalent selectivity through
improved sensor designs. As an illustration, previous
studies found that their Pt
nanoparticles/SWCNTSs/NIO ternary nanocomposite
sensor exhibited exceptional selectivity in blood and
urine samples, with low disruption from other
prevalent biomolecules ®2. The appropriate design and
a careful choice of material for the fabrication of
nonenzymatic sensors can maintain a high level of
selectivity and accuracy when used with various
sample types.

%RSD:3.8%

3 o—r’W

0 2 4 6 8
Measurement
110 %Recovery: 96.73-102.5%
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Figure 4. (A) Voltammogram obtained at a scan rate of 50 mV s for the various concentrations of glucose from 10 — 1000
MM in NaOH 0.1 M (inset: The linear relationship between various concentrations of glucose against their oxidation current),
(B) The current response of 1 mM glucose in 0.1 M NaOH measured with GCE/RGO/PtNPs in 7 consecutive measurements,

(C) The current intensity of glucose oxidation of 1 mM in NaOH 0.1 M in 6 different GCE/RGO/PtNPs individuals, (D)
%recovery for the determination of glucose (1 mM) in the presence of several interferents, AA (Ascorbic Acid), DA
(Dopamine), ion K*, Mg?* and CI-
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Table 1. Comparison of GCE/RGO/PtNPs with other modified electrodes for glucose detection

Electrode Linear range (uM) LOD (uM)Samples Ref
Pt/Ni@rGO 2 - 5000 6.3 Commercial beverages 9
PtNPs/CNTs 28 - 46600 28.0 - 55
Nickel carbide 2 -10000 0.5 Blood, Urine 56
Cu(I-Ni(11)/SBA-15 10 - 1000 2 Autificial Human Blood ..,
Serum, Urine
2D-MoS; nanostructures 1-500 0.1 Urine 58
La0.6Sr0.4C00.8Fe0.203 and . .
Lal 7Sr0.3Cu0O4 0.5-100 0.1 Synthetic Urine 59
Pt&Pd alloy nanoparticles 0.5-500 0.05 Urine, Fingertip Blood 60
GQDs/FesOdpolypyrrole 4 4, 0.2 Blood, Urine 61
nanocomposite
PtNPs/SWCNTSs/NiO 50 - 2700 2.16 Blood 62
RGO/PtNPs 10 - 1000 5 Urine This work

* CNTs:carbon nanotubes, SWCNTs:single-wall carbon nanotubes

A e sample + 0 pM Glu
10 4 e sAMTPlE + 60 UM Glu
e sample + 80 pM Glu
s sample + 100 pM Glu
8 sample + 200 uM Glu
sample + 400 pM Glu
e sample + 600 pM Glu

1 (HA)

06 -05 04 03 -02 -01 0.0 0.1

E (V) vs Ag/AgCl

B |9
6 ¥

<

=

- y = 0.0097x + 2.6072
3 R2 = 0.9955
04 . . .

0 200 400 600

[Glucose] (UM)

Figure 5 (A) Voltammogram obtained at a scan rate of 50 mV s! for urine samples with various added glucose concentrations
ranging from 0 to 600 uM in 0.1 M NaOH, (B) The linear relationship between glucose concentration and their corresponding
oxidation current

Table 2. Subjects' glucose levels were measured using GCE/RGO/PtNPs vs commercial glucose urine kit

. . . t-test
Subject  Electrochemical method (mM) Glucose kit (mM) Tstatistic Ctable
1 2.61 3.03
2 2.42 2.90
3 3.19 3.53 -1.07 2.30
4 1.32 1.86
5 2.25 2.67

4. CONCLUSIONS

Our research demonstrates that noninvasive
glucose  detection using a  nonenzymatic
electrochemical sensor has been successfully
developed wusing an electrode modified with
RGO/PtNPs. The sensor shows high sensitivity with a
linear response over a wide measurement range, low
detection limit (LOD), high reproducibility, and
selectivity. It has also been successfully applied to
detect glucose in human urine samples, achieving
performance comparable to commercial glucose

sensors. Using urine as a sample offers advantages
such as ease of collection, reduced discomfort, and the
potential for frequent monitoring without invasive
procedures. The incorporation of platinum
nanoparticles  (PtNPs) as an electrocatalyst
significantly enhances the electron transfer process for
glucose oxidation, improving the sensor’s overall
performance. The synergy between RGO, known for
its electrical conductivity, and PtNPs provides a
promising platform for glucose sensing, showing
excellent stability and precision. Future research could
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explore miniaturizing the sensor for portable devices,
ensuring long-term stability, and extending its
application to different biological fluids or health
conditions, paving the way for broader use in glucose
monitoring and diabetes management.
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