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ABSTRACT

Prevention of diabetic complications and metabolic disorders, underscoring its
clinical importance. In this study, a carbon paste electrode (CPE) was fabricated and
functionalized with reduced graphene oxide (rGO) and Cu-L complex (Cu-L/rGO/
CPE) for electrochemical glucose sensing. Characterization via Fourier-transform
infrared spectroscopy (FT-IR), Field emission scanning electron microscopy (FESEM),
energy-dispersive X-ray spectroscopy (EDX) and Raman spectroscopy confirmed the
successful synthesis and integration of the rGO and Cu-L complex. Electrochemical
analysis through voltammetry revealed that the modified electrode exhibited
enhanced current responses toward glucose oxidation compared to the unmodified
electrodes. The oxidation peak current increased proportionally with scan rate,
allowing the calculation of the electron transfer coefficient (a) as 0.53. The apparent
heterogeneous electron transfer rate constant (ks) was determined to be 4.27 x
10-4 s—1. Optimal catalytic activity was observed at physiological pH (~7). Modifier
and nanosheets loadings were optimized at 5% and 2.5%, respectively, to maximize
oxidation current. Quantitative analysis via linear sweep voltammetry (LSV) yielded
a linear detection range from 5 to 90 uM, with a limit of detection (LOD) of 1.6
UM and limit of quantification (LOQ) of 4.9 uM. Chronoamperometric studies
determined the glucose diffusion coefficient as 1.88 x 10-4 cm?/s. This electrode
demonstrated excellent reproducibility and operational stability and validation of
analytical performance in serum samples demonstrated recovery percentage of
over 97%. Collectively, these findings affirm the efficacy of the Cu-L/rGO modified
CPE as a sensitive and reliable electrochemical sensor for blood glucose monitoring.
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1. Introduction

The escalating prevalence of metabolic

monitoring systems[4, 5]. Conventional glucose
analysis methodologies demonstrate significant

disorders worldwide has intensified the demand for
robust analytical tools capable of precise glucose
quantification [1, 2]. Contemporary healthcare
systems face mounting pressure to deliver
accurate diagnostic solutions as diabetes-related
complications continue to burden global health
infrastructure [3]. This analytical imperative extends
far beyond clinical diagnostics, encompassing
applications in  biotechnological processes,
pharmaceutical quality assurance, and industrial

operational constraints that limit their practical
utility [6, 7]. These approaches typically require
extensive sample preprocessing, sophisticated
laboratory infrastructure, and considerable time
investments before yielding actionable results [8].
Furthermore, the reliance on biological catalysts
introduces inherent vulnerabilities including
thermal instability, narrow operational pH ranges,
and susceptibility to interference from matrix
components present in real-world samples [9, 10].
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The evolution toward electrochemical detection
platforms represents a strategic response to these
analytical limitations [11, 12]. Such systems offer
distinct operational advantages including minimal
sample volumes, rapid measurement -cycles,
reduced infrastructure requirements, and enhanced
compatibility ~with portable instrumentation
[13, 14]. The integration of surface modification
techniques has emerged as a particularly effective
strategy for optimizing sensor performance
through controlled manipulation of electrode
properties [15, 16]. Surface-modified electrodes
constitute a specialized class of analytical devices
where deliberate alteration of the electrode interface
creates enhanced functional characteristics [17, 18].
These modifications involve strategic placement of
catalytically active materials, conductive networks,
or selective recognition elements directly onto the
electrode surface[19]. The resulting composite
structures demonstrate improved analytical
metrics including enhanced signal-to-noise ratios,
reduced detection limits, and superior selectivity
profiles [12, 20]. The mechanistic foundation of
glucose detection at modified interfaces primarily
involves direct electrochemical transformation of
the analyte or mediated electron transfer processes
[21, 22]. Direct oxidation approaches eliminate the
complications associated with biological catalysts
while maintaining analytical sensitivity through
optimized surface chemistry [23]. The selection
of appropriate modification materials critically
determines the ultimate sensor performance, with
considerations including catalytic efficiency, surface
morphology, electrical conductivity, and long-term
stability [24-26]. Contemporary nanomaterial
science has introduced unprecedented
opportunities  for  electrode = modification
strategies. Nanoscale materials provide exceptional
surface area enhancement, unique electronic
characteristics, and the ability to create hierarchical
architectures with tailored functionalities[27] .
Metallic nanostructures, particularly those based
on noble metals, exhibit remarkable catalytic
activity toward glucose oxidation while maintaining
operational stability under physiological conditions
[28, 29]. Transition metal compounds, including
various oxides and hydroxides, have demonstrated
comparable catalytic performance at significantly
reduced material costs [30, 31]. These materials
offer sustainable alternatives to precious metal
catalysts while providing robust performance
under diverse operational conditions [32].
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Carbon-based nanomaterials contribute additional
advantages through their exceptional electrical
conductivity, chemical inertness, and mechanical
stability [33- 35]. The development of multi-
component modification strategies has opened new
possibilities for achieving synergistic performance
enhancement. Reduced graphene oxide (rGO)-—
based materials have been widely explored in
sensing applications due to their high surface area,
good electrical conductivity, and tunable surface
properties. Different design strategies, including
heteroatom doping (e.g., N or S-doped rGO),
nanocomposites (such as rGO/metal or rGO/metal
oxide systems), and hybrid structures (e.g., rGO/
conducting polymers), have been developed to
enhance sensing performance. Doping modifies
the electronic structure and introduces additional
active sites, while nanocomposites and hybrids
provide synergistic effects such as improved
catalytic activity and faster electron transfer.
These modifications enhance analyte adsorption,
charge transfer efficiency, and signal amplification,
leading to improved sensitivity and lower
detection limits. These hybrid systems combine
complementary material properties to overcome
individual limitations while amplifying desirable
characteristics [36]. Such approaches enable the
creation of sensors with unprecedented analytical
capabilities and extended operational lifetimes
[36]. Despite remarkable progress in fundamental
research, several challenges impede the translation
of laboratory prototypes into commercial products
[37, 38]. Critical issues include reproducible
fabrication protocols, long-term performance
stability in complex biological matrices, resistance
to fouling phenomena, and cost-effective
manufacturing scalability [39]. Herein, the carbon
paste electrode was modified with combination of
reduced gherephne oxide (rGo) and Copper Schiff
base complex (Cu-L) complex (Cu-L/rGO/CPE).
The designed sensor was used for determination
of glucose in blood serum solutions. Modification
of electrode with reduced gherephne oxide and
Cu-L complex as modifier, possesses some benefits
such as increasing the surface area and providing
a suitable base for oxidation of glucose at the
electrode surface. Under the optimum conditions,
some parameters of analyte such as the electron
transfer coefficient (o), electron transfer rate
constant) k ), diffusion coefficient of species in a
phosphate buffer media (pH=7) were calculated.
The linear ranges of 5-90 pM and detection limit
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of 1.6 uM for glucose was achieved using linear
Sweep Voltammetry (LSV) method. Also, the
fabricated electrochemical sensor was applied
for determination of glucose in blood serum
solutions and the satisfactory obtained reasults
revealed that the designed sensor is applicable
for detrmination of glucose in real samples. The
successful realization of next-generation glucose
sensors requires interdisciplinary collaboration
combining materials science, electrochemistry,
and biomedical engineering expertise. This
work contributes to these collaborative efforts by
providing fundamental insights into modification
strategies and their impact on sensor performance,
ultimately advancing the field toward practical
implementation of high-performance glucose
monitoring systems. The proposed Cu-L/rGO/
CPE sensor lies in its simple fabrication strategy,
the ease of electrode modification, and its superior
analytical performance compared with previously
reported. In particular, the sensor exhibits a
markedly lower detection limit, a wider linear
range, and a straightforward carbon paste electrode
modification process, all of which distinguish our
approach from earlier designs.

2. Experimental

2.1. Apparatus and reagents

Graphite powder, glucose and other reagents
were used with analytical grade of Merck origin.
High viscosity paraffin from Fluka Company was
used as the pasting liquid for the CPE. Other
chemicals reagents were purchased from reputable
commercial companies and used without further
purification. The electrochemical experiments
were carried out using a potentiostat/galvanostat
Autolab Model PGSTAT-101 and analyzed with
NOVA 2.1 software. The modified electrode Cu-L/
rGO/CPE was used as a working electrode. An Ag/
AgCI/KCl 3.0 M and a platinum wire were used
as reference and auxiliary electrodes, respectively.
Measurement of pH was carried out using Metrohm
model 691 pH/mV meter.

2.2 Synthesis of the Schiff base ligand (L)

The Schiff base ligand was prepared by
standard methods. The solution of thiophene-
2-carbaldehyde (2 mmol) was mixed with
2-aminobenzenethiol (2 mmol) to preparation of
L in ethanol (20 ml). The bright yellow solution
was stirred and heated to reflux for 1 h. The desired
yellow solution was precipitated by adding diethyl

Colloid Nanosci. J. 3(4) (2025) 775-790
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ether and then filtered off and dried in air. Selected
FTIR data, v(cm™ ): 2962 (C-H), 1623 (C=N), 1071
(C-S) [40].

2.3 Synthesis of Copper Schiff base complex
(Cu-L) as a modifier

0.01 mol L ligand was added into 0.01 mol
Cu(NO,),.3H,0 in 10 mL methanol. The reaction
mixture was stirred under reflux condition for
2 h and then, a blue precipitate was removed by
filtration. The resulting deep blue solution was
then left undisturbed. Selected FTIR data, v(cm™):
1633(C=N), 1535(C=C), 1047(C-S), 514(Cu-S)
and 4430(Cu-N) [41]. Two strong bands were
observable due to the nitrate group: v, and v, at
about 1764 and 1420 cm ', respectively. This bands
indicate that the nitrate ion is coordinated to the
copper(Il) ion as monodentate ligand. The broad
band near 3450 cm™' shows the existence of water
molecule [42].

2.4 Preparation of rGo nanostructure

For the synthesis of rGO nanostructures,
graphene oxide (GO) was first prepared using
a modified Hummers method. In this method,
120 mL of sulfuric acid (95 wt%) and 13 mL of
phosphoric acid (85 wt%) were added to a flask and
stirred for 10 minutes to obtain a homogeneous
solution. Then, 0.1 g of flake graphite powder and
0.6 g of KMnOs were slowly added to this solution
with vigorous stirring. The reaction continued
for 12 hours at 50 °C with continuous stirring.
After adding 1 mL of H202 (30 wt%), the color
of the solution changed from dark green to light
yellow. The resulting graphene oxide was washed
sequentially with distilled water, HCI1 (37%), and
then absolute ethanol until the pH reached 5.8.
Ultrasonication was used for further exfoliation of
GO nanosheets, and then the graphene oxide was
dried at 60 °C for 12 hours. For the reduction of
graphene oxide, the GO aerogel was heated at 350
°C for 10 hours with a heating rate of 5 °C/min
in an argon atmosphere, and then subjected to
ultrasonication for 1 hour to further exfoliate the
graphene nanosheets [43].

2.5 Preparation of Cu-L/rGO/CPE sensor

To prepare Cu-L/rGO/CPE sensor, a mixture
containing graphite powder (0.465 g), Cu-L (0.025
2), rGO (0.011g) and paraffin (4 drop) was blended
by hand mixing in a mortar. Then, the prepared
paste was packed into the end of a glass tube (A=
0.12 e, internal radius: 2 mm and 10 cm long).
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Scheme 1. Schematic representation of the designed Cu-L/rGO/CPE modified electrode.

A copper wire was fitted into the glass tube to
contact the electrical connection. A fresh electrode
surface was generated rapidly by extruding a small
plug of the paste with a stainless steel rod and
smoothing the resulting surface on white paper
until a smooth shiny surface was observed. The
fabrication processes of Cu-L/rGO/CPE sensor has
been showed in the scheme 1.

3. Results and Discussion
3.1. Characterization of the Cu-L/rGO/CPE
sensor

The FT-IR spectrum of the copper complex
(Fig. 1A) exhibits several characteristic absorption
bands. A broad band at 3439.18 cm™ is attributed
to the O—H stretching vibrations of adsorbed water
molecules. The band at 2971.24 cm™ corresponds
to the C—H stretching vibrations of both aliphatic
and aromatic groups. The absorption at 1583.10
cm™' is assigned to the C=C stretching vibrations
of the aromatic ring. A strong band at 1583.23
cm™' indicates the C—N stretching vibrations of
the coordinated pyridine ring [31]. Moreover, the
bands at 1079.24 and 1046.89 cm™ are associated
with C-O stretching vibrations or Cu-O-C
bonding. The bands at 834.49 and 783.43 cm™ arise
from out-of-plane C—H bending vibrations of the
aromatic ring. Finally, the lower-frequency bands
at 672.06, 592.88, and 431.52 cm™ are related to
metal-ligand vibrations, such as Cu—S, Cu—-N, and
Cu-O stretching and bending modes [44, 45]. The
interlayer distances rGO were confirmed using
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X-ray diffraction (XRD) patterns. The XRD pattern
rGO were shown in Fig. 1B. The XRD pattern of
reduced graphene oxide (rGO) typically shows a
broad peak around 26 = 24-26°, corresponding
to the (002) plane. This peak indicates the
partial restoration of the graphitic structure after
reduction and a decrease in interlayer spacing. The
broadening of the rGO peak reflects the exfoliated
and disordered nature of the graphene sheets after
reduction. Fig. 1C represents the typical Raman-
scattering spectrum of reduced graphene oxide. The
Raman spectrum of reduced graphene oxide (rGO)
typically shows two main characteristic bands: the
D band around 1350 cm™ and the G band around
1580-1600 cm™. The G band corresponds to the
in-plane vibration of sp>-hybridized carbon atoms,
indicating the presence of graphitic domains. The D
band is associated with structural defects, disorder,
or edges in the carbon lattice. The intensity ratio
(I/1,) is commonly used to evaluate the degree of
defects and the extent of reduction; an increase in
this ratio after reduction suggests the removal of
oxygen-containing groups and partial restoration
of the graphitic structure while introducing some
structural defects[19].

The field emission scanning electron microscopy
(FESEM) images of the reduced graphene oxide,
the copper complex, and the reduced graphene
oxide/copper complex composite are presented
in Fig. 2. The FESEM image of reduced graphene
oxide (Fig. 2a) reveals thin, wrinkled sheets with
a shell-like morphology, appearing as semi-
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Fig. 1. (A) FT-IR spectra of Cu-L complex, (B) XRD pattern of reduced graphene oxide (rGO) and (C) Raman-
scattering spectra of reduced graphene oxide nanosheets

transparent layers with wavy edges. The surface
of these sheets contains numerous cavities and
pores, likely resulting from the removal of oxygen-
containing functional groups during the reduction
process of graphene oxide. These cavities provide
suitable sites for the deposition of copper complex
nanoparticles [38, 46]. The size of these sheets is
estimated to be approximately 5 to 20 nanometers
based on the scale bar. The FESEM image of the
copper complex (Fig. 2b) shows clusters with

Colloid Nanosci. J. 3(4) (2025) 775-790

a cauliflower- or grape-like morphology [47],
ranging between 1 to 2 micrometers and composed
of particles approximately 100-200 nanometers
in diameter. The porous structure of this material
may be beneficial for applications such as catalysis
or adsorption. The particle surfaces are rough and
exhibit spherical protrusions due to the attachment
of organic ligands to copper ions. The particle
size distribution is relatively uniform, indicating
controlled synthesis conditions. Furthermore, the
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FESEM image of the reduced graphene oxide/
copper nanocomposite (Fig. 2c¢) displays the
wrinkled, sheet-like morphology of reduced
graphene oxide with small copper complex
particles distributed across its surface, confirming
the nanocomposite nature of the material [48].
Elemental analysis of the copper complex
using energy-dispersive X-ray  spectroscopy
(EDX), shown in Fig. 3(a), indicates the atomic
and weight percentages of copper, oxygen, carbon,
and nitrogen. This composition corresponds
to heterocyclic structures typical of copper
organic complexes, with the high copper content
confirming its role as the central metal. The
spectral data also display characteristic Cu peaks.
The elevated presence of carbon and hydrogen
relates to the organic ligands, while oxygen and
nitrogen correspond to the oxazole and thiazine
components of the complex. Elemental analysis
confirms the presence of all expected elements
in the copper complex. Elemental analysis of the

2 Print Mag ov
‘ Wk Mo

ot Creryy

nanocomposite composed of the copper complex
and reduced graphene oxide (Fig. 3b) shows high
percentages of carbon and oxygen consistent with
the presence of reduced graphene oxide. The
significant copper content in the composite further
confirms the presence of the copper complex, with
a higher weight percentage due to copper’s higher
atomic mass. The presence of nitrogen and sulfur
is attributed to the organic ligand, specifically
the benzo-oxazolo-thiazine moiety in the copper
complex. This analysis confirms the successful
synthesis of the Cu-L /rGO.

The cyclic voltammograms of the carbon
paste electrode (CPE) and the copper complex-
modified carbon paste electrode (Cu-L/CPE)
in 0.1 M phosphate buffer solution at pH= 7 are
presented in Fig. 4 A. The Cu-L/CPE electrode
(curve b) exhibits higher current responses
compared to the unmodified CPE (curve a). This
enhancement is attributed to the copper complex,
which increases the electrocatalytic activity of the

Fig. 2. The FE-SEM images of the as-synthesized (a) rGO, (b) Cu-L complex (c) Cu-L/rGO.
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Fig. 3. The EDX analysis of Cu-L complex (a) and Cu-L/rGO (b)
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Fig. 4. (A) Cyclic voltammograms obtained at (a)CPE and (b)Cu-L/CPE at a scan rate of 30 mVs-1 in Phosphate
buffer solution (pH=7.0). (B) Nyquist plot of (a) CPE (b) rGO/CPE and (c) Cu-L/rGO/CPE at the solution containing
1.0 mM [Fe(CN)6]3-/4-

electrode, resulting in more pronounced oxidation
and reduction peaks in the orange curve [49].
The copper complex acts as an electrocatalyst,
facilitating electron transfer and redox reactions
at the electrode surface. This leads to higher peak
currents and improved sensitivity. Additionally,
incorporation of the copper complex into the
carbon paste enhances the overall conductivity of
the electrode material [50].

Colloid Nanosci. J. 3(4) (2025) 775-790

Electrochemical impedance spectroscopy (EIS)
was employed to investigate the modification of the
surface CPE with rGo and Cu-L/rGO. One of the
most common formats for interpreting EIS data
is the Nyquist plot, which consists of a semicircle
followed by a straight line. A semicircle is related to
the charge-transfer process, whereas the line region
corresponds to the diffusion-controlled process.
The diameter of the semicircle is proportional to
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the electron transfer resistance (R ) of the working
electrode, whereas the Warburg line indicates the
mass transfer. The Nyquist plots of the CPE and
rGO/CPE and Cu-L/rGO/CPE in 1.0 mM [Fe (CN)
J* " were shown in Fig. 4B. Based on the results
shown in Fig. 4B, when the CPE was modified with
rGO and Cu-L/rGO (Fig. 4B curve b and c), the
diameter of the semicircle portion (R ) decreased
compared with that of the CPE (Fig. 4B curve a),
and the surface area was improved. Therefore, R |
was lower than that of unmodified CPE due to the
high conductivity and large surface area of rGO
nanoparticles. The reduction of resistance in the
Cu-L/rGO/CPE electrode, due to the properties of
the Cu-L and rGO, enhances the efficiency of this
electrode in determination of glucose.

The cyclic voltammograms of the carbon paste

electrode (CPE) modified with the Cu-L/rGO in
buffer solution at various scan rates ranging from 10
to 500 mV/s are presented in Fig. 5a. The oxidation
peak current values plotted against the scan rate
are presented in Fig. 5b. As observed, there is a
direct correlation between these two parameters.
According to the Sharp equation the peak current
I is directly proportional to the scan rate (v) [51]:

I, = n2F?ATv/4RT (1)

Where n is the number of electrons transferred
in the oxidation process, F is the Faraday constant,
A is the geometric surface area of the electrode
(cm?), T is the surface coverage of the electrode
(mol. Cm?), and R is the universal gas constant.
Based on the slope of the current versus scan rate

Current (uA)
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Fig. 5. (a) Cyclic voltammograms obtained at Cu-L/rGO/CPE sensor in Phosphate buffer solution (pH=7.0) at various
scan rates from 10 to 500 mV s-1. (b) Variations of Ip versus scan rate (v).
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plot, the surface coverage (I') for this electrode was
calculated to be approximately 3.067 *~ 107 mol.
cm™

3.2. Investigation of the electro oxidation of
glucose at Cu-L/rGO/CPE sensor

The cyclic voltammograms of CPE modified
with rGO, the Cu-L complex, and the Cu-L/tGO
are compared in Fig. 6. The results indicate that the
current response on the CPE modified with both
rGO and Cu-L is higher, attributed to the synergistic
effect of these two modifiers in generating enhanced
currents. rGO, by providing a large surface area
and excellent electrical conductivity, facilitates
electron transfer at the electrode surface [52]. The
addition of the Cu-L complex further enhances the
current response by facilitating redox reactions
[52, 53]. The combination of rGO and the copper
complex forms a nanocomposite that combines
the advantages of both components, namely high
conductivity, large surface area, and electrocatalytic
activity. The copper complex may interact with
rGO through 7n—m interactions or coordination
bonds, contributing to increased conductivity and
the creation of additional active sites. Additionally,
the thiophene group in the complex may aid
electron transfer and improve sensitivity [54]. As
a result, the CPE modified with both rGO and the

20
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copper complex exhibits superior electrochemical
performance, demonstrated by higher currents
in the cyclic voltammograms compared to the
electrode modified with rGO alone. Furthermore,
cyclic voltammograms of CPE, Cu-L/CPE, rGO/
CPE, and Cu-L/tGO/CPE in the presence of
glucose were also investigated (Fig. 6 e, f, g, and h).
The highest current observed for Cu-L/rGO/CPE is
attributed to the combined advantages of rGO and
the Cu-L complex. rGO provides a large surface areca
and excellent electrical conductivity, facilitating
faster electron transfer. The Cu-L complex acts as
an electrocatalyst, lowering the activation energy
for glucose oxidation. Together, rGO and Cu-L
create more active sites for glucose oxidation and
accelerate electron transfer. rGO/ CPE exhibits
a high current, second only to Cu-L/rGO/CPE,
due to the large surface area and conductivity of
rGO, although it lacks the additional catalytic
activity provided by the copper complex. Cu-L/
CPE performs better than bare CPE because of
the catalytic properties of the copper complex but
does not benefit from the advantages of rGO. The
unmodified CPE shows the lowest current due to
the absence of increased surface area/conductivity
from rGO and the catalytic activity of the Cu-L
complex, resulting in slower electron transfer and
fewer active sites for glucose oxidation [54, 55].

(a) CPE
(b) CWCPE
15 A
(c) tGO/CPE
——(d) 1GO/Cu/CPE
10 (e)CPE/GLU
—— (f) CWCPE/GIu
g = (¢)r"GO/CPE/Glu
0 =i
Bt
-10 T \ T T

04 06 0.8

EV)

Fig. 6. CVs obtained at (a) CPE (b) Cu/CPE, (c) rGo/CPE and (d) Cu/rGO/CPE electrodes in the absence of glucose
(GLU) in Phosphate buffer solution (pH=7.0); (e) CPE, (f) Cu/CPE, (g) rGO/CPE, and (h) Cu/rGO/CPE in Phosphate
buffer solution (pH=7.0) in the presence of glucose(GLU) (0.10 mM) at a scan rate of 30 mVs-1.
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The effect of potential scan rate (ranging from
10 to 150 mV/s) on the oxidation of glucose
(2 mM) was investigated by recording cyclic
voltammograms at various scan rates, as shown
in Fig. 7a. The plot of glucose oxidation peak
potential (Ep) versus the logarithm of the scan rate
(log v) is also presented in Fig. 7b. According to
Laviron’s equation, a linear relationship between
the peak potential (Ep) and log scan rate (v) [56].
The positive slope indicates that the peak potential
increases with increasing scan rate, and the charge
transfer coefficient (a) is estimated to be 0.53. Based
on Laviron’s theory, the apparent charge transfer
rate constant (k ) of the analyte was calculated to be
approximately 4.27x107s™".

3.3. The optimization of experimental parameters
To improve the sensitivity of the electrochemical

parameters including the percentage of the Cu-L
modifier, the proportion of rGO in the carbon
paste electrode (CPE), and the pH solution were
optimized. The effect of Cu-L content within the
carbon paste on the glucose oxidation peak current
was investigated over a range of 0.5 to 8% w/w at a
scan rate of 30 mV/s. The results showed that the
peak current (Al) increased with increasing Cu-L
content up to 5.0% w/w; beyond this point, further
increases did not significantly affect Al. Therefore,
5.0% w/w was selected as the optimal modifier
concentration (see Fig. 8a). Subsequently, the rGO
percentage in the CPE structure was optimized.
According to Fig. 8b, the optimal rGO content
for the Cu-L/rGO/CPE sensor was determined
to be 2.5% w/w and this value was selected for
preparation of sensor. Fig. 8c also illustrates the
relationship between pH and current for glucose

Cu-LAtGO/CPE  sensor, several experimental oxidation, showing that the oxidation current
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Fig. 7. (a) CVs of Cu-L/rGO/CPE in the presence of 0.1 mM glucose at different scan rates (10-150 mVs-1); (b)
variation of Ep versus log (v).
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Fig. 9. Chronoamperograms obtained at Cu-L/rGo/CPE in Phosphate buffer solution (pH=7.0) at 0.25 V for glucose
concentrations of 200.0, 400.0, 600.0, 800.0 and 1000.0pM.

reaches its peak near pH 7 and decreases at both
lower and higher pH values. Based on the obtained
results, pH 7 was selected as the optimal pH for
conducting subsequent experiments.

3.4. Chronoamperometric studies
Chronoamperometric analysis was employed to

studythekineticsofelectrochemicalreactionsaswell

as adsorption and diffusion phenomena occurring

Colloid Nanosci. J. 3(4) (2025) 775-790

at the electrodes. In this technique, a potential step
is applied to the electrode, and the resulting current
is recorded over time. These measurements allow
for the determination of the diffusion coefficient of
electroactive species within the electrolyte. Fig. 9
shows the chronoamperograms obtained at various
glucose concentrations ranging from 200 to 1000
uM on the Cu-L/rGO/CPE electrode. Applying the
Cottrell equation [57], the diffusion coefficient was
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calculated to be 1.88 x 107 cm?/s, which aligns well of Detection (LOD) and Limit of Quantification
with values reported in the literature [58]. These (LOQ) were estimated to be 1.6 uM and 4.9 uM,
findings demonstrate a notable enhancement in the respectively. A distinct oxidation peak appears

rate of glucose oxidation at the proposed electrode. around 0.25t0 0.32 V, and a good linear correlation
between glucose concentration and electrode

3.5 Linear Sweep Voltammetry investigation response is observed, indicating appropriate
Investigating  the effect of  glucose sensor sensitivity. At higher concentrations,

concentration on the oxidation current using the current increase becomes less pronounced,
Linear Sweep Voltammetry (LSV) is crucial which may be attributed to the saturation of
for the development of sensitive and accurate active sites on the electrode. The -calibration
glucose biosensors. This technique enables the curve is presented in Fig. 10b. Table 1 presents a
calculation of key parameters such as the Limit ~ comparison of the performance of the developed
of Detection (LOD) and Limit of Quantification electrochemical sensor with previously reported
(LOQ), which are essential for assessing sensor sensors for glucose detection [59-62]. The results

sensitivity in various applications. According to ~ indicate that the Cu-L/fGO/CPE sensor exhibits
Fig. 10a, the voltammograms obtained for glucose a wider linear range and a lower detection limit
oxidation at concentrations ranging from 5 to 90 for glucose determination relative to most other
UM on the Cu-L/fGO/CPE increase in current sensors [59, 60], with the exception of the sensor
with increasing glucose concentration. The Limit reported in reference [61, 62].
150 35
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Fig. 10. (a) Linear Sweep Voltammetry (LSV) of Cu-L/rGO/CPE in Phosphate buffer solution (pH=7.0) containing
different concentrations of glucose (numbers 1-10 correspond to 5.0 to 90.0 uM of glucose). (b) The plots of the
electrocatalytic peak current as a function of glucose concentration in the range of 5.0 to 90.0 uM.

Table 1. Comparison of the proposed method with some reported electrochemical procedures for determination of

glucose
Electrode Modifier Method Det?“.l on Lincar Reference
Limit Range
0.5 x 107 to
CPE FMPS/Gly, Amperometry 50 M 10 mM [59]
Coconut shell and .

CPE NiFe,O5 NPs Cyclic Voltammetry 1.1 mM 2-10mM [60]

Au RGO-TixC Amperometry 13 .M 10 KV 21 [61]
GCE Zn0O/Co03;04/RGO Amperometry 0.043 uM 0.0 lnil\t/f 10 [62]
CPE Cu-L/rGO Linear Sweep Voltammetry 1.6 uM 5to 90 uM Present Work
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Table 2. Determination of glucose in the blood samples using the Cu-L/rGO/CPE sensor

Sample No. Added C&R};’“mﬁ"“ RSD (%) Con cgi::‘éf)fld (M) Recovery (%)
1 — — 0.12 —
2 20.000 2.150 19.492 97.460
3 30.000 1.260 29.612 98.710

Table 3. The influence of interfering species on the measurement of 2 mM glucose using the Cu-L/rGO/CPE

electrode

Species The concentration ratio of interfernces species to glucose Signal change (%)
Acetaminophen 10 0.32
Ascorbic acid 12 0.51
Adrenaline 5 0.42
Uric acid 10 0.95
Diclofenac 10 1.15
Dexamethasone 5 1.35
Paroxetine 12 0.95
Epinephrine 5 0.86
Estradiol 5 1.98

3.6. Determination of glucose in real samples

To evaluate the applicability of the Cu-L/rGO/
CPE sensor for detecting glucose in real samples,
two blood serum samples collected from a local
hospital were analysed using the fabricated sensor.
Known concentrations of glucose were spiked into
the diluted serum samples, followed by quantitative
analysis. The recovery percentages, summarized
in Table 2, demonstrate the sensor’s effectiveness
and accuracy in measuring glucose within blood
serum. These results confirm the suitability of
the developed sensor for practical applications in
biological sample analysis.

3.7 Selectivity, reproducibility and stability of
Cu-L/rGO/CPE sensor

Selectivity plays a vital role in determining
the analytical efficacy of electrochemical sensors.
In this investigation, the potential interference
from acetaminophen, Adrenaline, ascorbic
acid, diclofenac, dexamethasone, paroxetine,
epinephrine and estradiol, and uric acid each at 0.1
mM concentration was examined in the presence
of 2 mM glucose. According to the obtained
results in table 3, the electrochemical measures
demonstrated that the anodic peak current intensity
of glucose remained unperturbed despite a 10-
fold excess (and even in some cases, with a higher
ratio (concentration of the interfering species. The

Colloid Nanosci. J. 3(4) (2025) 775-790

results indicated that even with a tenfold excess
of these interfering species, the oxidation peak
current corresponding to the glucose remained
largely unaffected. These findings demonstrate
that the Cu-L/rGO/CPE sensor exhibits excellent
selectivity for glucose amidst common interfering
compounds. To evaluate the reproducibility of the
modified electrode, Linear Sweep Voltammetry
(LSV) was employed. Five electrodes were
fabricated under optimized conditions for glucose
oxidation measurement, yielding a relative standard
deviation (RSD) of 1.3% at a 95% confidence level,
indicating good reproducibility. Furthermore,
the electrode stability was assessed by comparing
the voltammetric response to glucose oxidation
after two days, one week, and two weeks, which
retained 99.1%, 98.9%, and 98.1% of the initial
response, respectively. These results demonstrate
the excellent stability of the electrode modified
with the copper complex and reduced graphene
oxide nanoparticles.

4. Conclusion

In this study, a modified carbon paste
electrode incorporating the Cu-L complex and
rGO nanostructure (Cu-L/rGO/CPE sensor) was
developed. Reduced graphene oxide (rGO) and a
Cu-L complex were characterized using Fourier-
transform infrared spectroscopy (FTIR), X-ray
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diffraction analysis (XRD), field emission scanning
electron microscopy (FESEM), and Raman
spectroscopy. The electrocatalytic oxidation of
glucose at the sensor surface was examined using
electrochemical techniques in phosphate buffer
solution (pH=7). Under optimized conditions,
kinetic parameters including the transfer coefficient
(o), the standard rate constant (k), and the
diffusion coefficient (D) were determined for the
Cu-L/rGO/CPE sensor. The results demonstrate
that this sensor provides an effective platform for
glucose detection, exhibiting wide linear ranges
of 5-90 uM, along with a low detection limit of
1.6 uM (calculated based on 3o/m) via linear
sweep voltammetry. The fabricated sensor offers
several advantages such as low cost, excellent
stability and selectivity, high reproducibility, and
straightforward preparation. Additionally, the
Cu-L/rGO/CPE sensor was successfully applied
to glucose determination in blood serum samples.
This electrochemical sensor can enhance electrical
conductivity even at low concentrations, and its
high sensitivity and stability, good selectivity,
simplicity of fabrication, lower detection limit, and
wide linear range make it superior to previously
reported methods.
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