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The exceptional properties of copper nanowires (CuNWs) including high electrical conductivity,
strong optoelectronic performance, and excellent mechanical strength make them highly
valuable for diverse applications across various fields. Herein we report the synthesis
of CuNWs using surfactant assisted glucose reduction method. The concentration of surfactant
hexadecylamine (HDA) and glucose concentrations were optimized to obtain nanowire
morphology. The as prepared CuNWs were characterized using UV-visible spectroscopy (UV-
vis) and FT-IR spectroscopy and scanning electron microscopy (SEM). UV-vis and SEM studies
confirmed the variation of aspect ratio of the CuNWs with respect to the concentration of HDA.
Further, copper nanowires (CuNWs) were deposited onto a glassy carbon electrode (GCE) using
the drop-casting technique to investigate their electrocatalytic activity. The modified electrode
was characterized through cyclic voltammetry. The active electrochemical surface area of the
CuNWs-modified electrode was determined using the Anson equation and was calculated to be
0.031 cm?. Furthermore, the electrochemical oxidation of paracetamol (PA) was investigated
using both bare and CuNWs-modified glassy carbon electrodes (GCE) at pH 7.2. The CuNWs-
modified GCE exhibited a fourfold enhancement in the oxidation current of PA compared to the
bare GCE, indicating significantly improved electrocatalytic activity. Selective detection of PA
was successfully achieved even in the presence of a 100-fold excess concentration of ascorbic
acid (AA), demonstrating excellent selectivity. Additionally, the sensitivity and limit of detection
(LOD) for PA at the CuNWs-modified GCE were assessed using amperometric measurements.
The modified electrode was capable of detecting PA concentrations as low as 30 nM at pH 7.2.
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In recent years, the applications of nanostructured
materials based on metals, metal oxides, semiconductors,
carbon-based materials, and polymeric nanocomposites
have been extensively explored. [1, 2]. In consequence
of their properties and wide range of application, one
dimensional nanostructured materials (1D) including
nanofibers, nanowires and nanotubes have received
more attention among the researchers [3-6].
The unique attributes of one-dimensional (1D)
nanostructured materials such as their exceptional
surface-to-volume ratio, tunable thermal and transport
properties, and inherently high surface area have
positioned them as vital components across a broad
spectrum of applications, including electronics,
optoelectronics, photonics, magnetism, catalysis,
energy conversion, and chemical sensing. [7-11].
Because of its extraordinary electrical conductivity
and thermal conductivity, copper is known as one
the most promising industrial metal and it has been

widely used in various fields including automobile,
electronics, machinery and aerospace [12,13]. Though
silver has superior conductivity, the insufficient
resource and high cost, the usage of silver-based
materials are limited [14, 15].

Like gold and silver, copper nanomaterials
also exhibit unique optical, mechanical, electrical,
and catalytic properties compared to their bulk
counterparts [16, 17]. Since copper nanomaterials are
low cost and highly conductive, they have been
proposed as promising candidate for many future
applications, which is impossible by gold and silver.
Different shaped copper nanomaterials including
nanoparticles, nanorings, nanorods, nanocubes,
nanoplates and nanowires (NWs) have been
successfully synthesized by many researchers [18-
22]. Among the various copper nanomaterials, on
account of their exclusive properties such as high
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aspect ratio, highly efficient electron transfer and
low annealing temperature, copper nanowires (CuNWs)
have been extensively studied by various researchers
[23-26]. In recent years, CuNWs have been used
for various electronic applications including flexible
transparent conductive electrode, photodetectors,
field emission devices, photodetectors, electrical
interconnects, gas sensors, field emission devices,
microheaters, lithium-ion battery and stretchable
electrode [27-30].

Several approaches, including template-assisted
electrochemical methods, electrospinning, chemical
vapor deposition, chemical-solution methods (CSMs),
vacuum thermal decomposition, hydrothermal synthesis,
precursor solution reduction, and catalytic synthesis,
are commonly used as mainstream routes for the
synthesis of nanowires (NWs) [31-37]. Among the
various methods, because of their less complicated
processing, energy efficiency, low cost and no need
of toxic chemicals and valuable catalyst, soft
hydrothermal synthetic method are widely used for
scalable and controllable preparation of CuNWs [38,
39]. To date, extensive efforts have been devoted to
the synthesis of copper nanowires (CuNWs) via the
hydrothermal method. Notably, Wang et al. achieved
the fabrication of highly uniform CuNWs with
an average diameter of 35 nm and a length of
approximately 100 um by employing octyldiamine
(ODA) as a capping agent and ascorbic acid as a
mild reducing agent. This approach highlights the
effectiveness of controlled chemical environments in
tailoring nanowire morphology and dimensions. [40].
Hwang et al. reported the synthesis of ultra-long
copper nanowires (CuNWs) exhibiting an average
length of 92.5 um and a diameter of approximately
47 nm, achieved through a finely tuned hydrothermal
process conducted in a water—alcohol mixed solvent
system. In this approach, L-ascorbic acid functioned
as a effective reducing agent, while oleylamine
acted as a surface-coordinating ligand, promoting
anisotropic growth and enabling precise control over
the nanowire morphology and aspect ratio [41].
Mayousse et al established the simple hydrothermal
protocol for the synthesis of CuNWs using octadecayl
amine [42]. Zheng et al prepared the long CuNWs
with high aspect ratio using oleylamine-mediated
hydrothermal synthesis with average diameter of
80nm [43]. Aziz et al synthesized the CuNWs by
simple hydrothermal method using hexadecaylamine
(HAD) and potassium bromide as capping agent [44].
Though several attempts have made by researchers,
the synthesis of pure and high yield CaNWs through
wet-chemical methods is still challenging. Hence, it
is attempted to optimize and control the growth of
CuNWs using the soft template hexadecyl amine
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(HDA) which also acts as stabilizing agent and
glucose as the reducing agent in high yield and to
utilize them as an electrode material.

Due to its analgesic and antipyretic properties,
paracetamol (PA) is widely used as an effective
medication for reducing fever and relieving pain
associated with conditions such as backache, headache,
postoperative discomfort, and arthritis [45]. Furthermore,
owing to its lack of anti-inflammatory effects,
paracetamol (PA) has been widely recognized as a
household medication for over three decades. At
standard therapeutic doses, PA undergoes rapid
and complete metabolism primarily through
glucuronidation and sulfation pathways, with the
resulting inactive metabolites excreted via the urine
[46]. While paracetamol (PA) is typically metabolized
efficiently at therapeutic doses, an overdose can lead
to the accumulation of harmful metabolites in the
body. This build-up can cause severe damage to the
liver (hepatotoxicity) and kidneys (nephrotoxicity),
posing significant health risks [47]. Consequently, the
determination of paracetamol (PA) in biological fluids
has gained increasing significance.

Herein we report the hydrothermal method
for the preparation of well dispersed and ultra-long
CuNWs with uniform diameters in the range of
60—-160 nm. In this study, we used hexadecylamine
(HDA) as both a capping and shape-directing agent,
with glucose serving as the reducing agent. The
synthesized copper nanowires (CuNWs) were
thoroughly characterized using UV-visible and infrared
(IR) spectroscopy. The morphology of the CuNWs
was meticulously examined using scanning electron
microscopy (SEM). Subsequently, the CuNWs were
immobilized onto the surface of a glassy carbon
electrode (GCE), and the electrochemical behavior
of the modified electrode was investigated using
cyclic voltammetry. The active electrochemical
surface area covered by CuNWs was calculated using
chronocoloumetry. Furthermore, the electrocatalytic
behavior of the CuNWs-modified GCE was investigated
through the oxidation of paracetamol (PA). The
CuNWs-modified GCE demonstrated significantly
enhanced electrocatalytic activity and superior stability
compared to the bare GCE in the oxidation of PA.
The selective determination of PA was evaluated
in the presence of a 100-fold excess concentration
of ascorbic acid (AA). To assess the sensitivity of
the electrode toward PA, amperometric analysis
was performed. The modified electrode exhibited
both high sensitivity and selectivity for PA detection
across a wide concentration range, attributed to the
increased surface area and active electrochemical
surface area of the CuNWs.
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Figure 1. Schematic representation of the preparation process for CUNWs.

MATERIALS AND METHODOLOGY
Chemicals and Materials

Analytical grade chemicals were purchased and
used without further purification. CuCl,.2H,0
(Fisher scientific, Qualigens fine chemicals), 1-
Hexadecylammine (HDA, Sigma-Aldrich), B-D-glucose
(Merck), ethanol (Merck), acetone (Merck), sodium
hydrogen phosphate (NaHPO4) (Merck), sodium
dihydrogen phosphate (NaH,POs4) (Merck) and sodium
hydroxide (Merck) were used as received. 0.2 M
phosphate buffer solution (PBS) was prepared using
NaHPO4 and NaH»PO,. All stock solutions were
prepared using ultrapure double-distilled water. All other
reagents employed in this study were of analytical grade
and were used directly, without any further purification.

Instrumentation

Electrochemical measurements were performed using
a conventional three-electrode system. In this setup, a
glassy carbon electrode (GCE) served as the working
electrode, a platinum wire was employed as the
counter electrode, and a KCl-saturated Ag/AgCl
electrode functioned as the reference electrode. These
electrochemical experiments were conducted using a
CHI600E electrochemical analyzer (Austin, TX, USA),
which facilitated precise measurements of the
electrochemical behavior. Additionally, UV—visible
absorption spectra were acquired using a JASCO V630
UV-visible Spectrophotometer to analyze the optical
properties of the samples. FT-IR spectra were obtained
using a JASCO FT-IR spectrometer, with potassium
bromide (KBr) serving as the reference material. These
spectra provided valuable information on the functional
groups and chemical bonding within the samples.
In addition, scanning electron microscopy (SEM)
measurements were carried out using a VEGA3
TESCAN SEM (USA), which allowed for high-
resolution imaging of the sample morphology and
surface structure. For differential pulse voltammetry
(DPV) measurements, the following parameters were
used. Amplitude - 0.05 V, pulse width - 0.06 s, sample
width - 0.02 s and pulse period of 0.2 s.

Synthesis of CuNWs

CuNWs was synthesized using the surfactant assisted
synthesis using glucose as a reducing agent [48,49].

In brief, 105 mg of CuCl,-2H,0, 250 mg of glucose,
and 900 mg of HDA were dissolved in 50 mL of
deionized water and magnetically stirred at room
temperature overnight. The resulting solution was then
transferred to an autoclave and heated in an oven at
100 °C for 6 hours. After this, the autoclave was
allowed to cool. Then, the resulting red colored
colloidal solution was filtered and washed with
ethanol and water. The resulting sample was dried
in an air oven and used for further characterization.
Figure 1 illustrates the synthesis of CuNWs by
surfactant assisted glucose reduction method.

Preparation of CuNWs Modified GCE

Before modification, the GCE with a diameter of 0.3
mm, was carefully polished using a 0.5 pm alumina
slurry to achieve a smooth and uniform surface. After
polishing, the electrode was thoroughly rinsed with
distilled water to remove any residual particles. The
cleanliness of the polished GCE was then evaluated by
conducting an electrochemical test using a 1 mM
solution of potassium ferricyanide (K3;[Fe(CN)¢]) in
the presence of 0.1 M KCIl, ensuring the electrode's
surface was free from contaminants that could affect
the subsequent measurements. The polished electrode
surface was allowed to dry at room temperature.
The as-synthesized copper nanowires (CuNWs)
were carefully re-dispersed in distilled water to
ensure a uniform suspension. A measured volume
of this dispersion was then drop-cast onto the pre-
cleaned surface of the glassy carbon electrode
(GCE). The electrode was subsequently left
undisturbed at room temperature to allow the
solvent to evaporate naturally. This process
resulted in the formation of a uniform CuNWs-
modified glassy carbon electrode (GCE/CuNWs),
ready for electrochemical analysis.

Calculation of Electroactive Surface Area

The electroactive surface areca of the CuNWs-
modified electrode was quantitatively determined
using a standard electrochemical method, employing
the following equation to calculate the surface area
from the obtained experimental data [50].

a

A= —— 0
2nFCDY2n'/2
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Where, ‘a’ is the slope obtained from the linear
portion of the Anson plot (Q vs t'"?), ‘F’ denotes
Faraday’s constant, ‘n’ represents the number of
electrons involved in the redox process, while ‘C’
and ‘D’ correspond to the bulk concentration of the
redox couple (1 mM) and its diffusion coefficient
(8.4 x 107 cm? s 1), respectively [51].

RESULTS AND DISCUSSION
Growth of Copper Nanowires

CuNWs were synthesized using HDA at two different
concentrations, with glucose as a reducing agent,
under hydrothermal conditions. To facilitate the rapid
synthesis of CuNWs at a lower temperature than that
used in earlier methods employing octadecylamine
(ODA) and oleylamine (OLA), glucose was utilized as
an external reducing agent. [52,53]. Based on earlier
reports, the concentrations of the copper precursor
and glucose were kept constant, and the role of HDA
in the growth of CuNWs was initially examined in
the present investigation. Initially, it was attempted
to synthesize copper nanostructures from CuCls,.
2H,0 in the absence of either HDA or glucose.

It is observed that when either HDA or glucose was
absent, the solution persisted blue and no metallic Cu
precipitates (Cu’) were formed. The formation of
copper nanostructures (change of colour from blue to
reddish brown) was only formed when both HDA
and glucose were added in sufficient amounts [54].
Though it is known that glucose itself is able to reduce
Cu?' ions to Cu’ in Benedict’s and Fehling’s tests, it
does not able to reduce Cu®* to Cu’. It was initially
suggested that glucose alone did not act as the
reducing agent. In contrast, previous studies reported
that the formation of Cu® with HDA occurred only
at significantly higher temperatures (above 180 °C).
[55]. To decrease the operating temperature, it is
attempted to use both glucose and HDA for the
synthesis of CuNWs. The surfactant hexadecylamine
(HDA) plays a crucial role in directing the growth of
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anisotropic copper nanostructures. In this study, the
concentrations of CuCl,-2H,O and glucose were
maintained at 37 mM and 6 mM, respectively. The
concentration of HDA was fixed as 90 mM and
180 mM. Initially, Cu?* ions, glucose and HDA
were mixed together, stirred overnight and transferred
to autoclave. The autoclaves were maintained at
102 °C for 6 hours. A color change from blue to
reddish brown signified the formation of copper
nanostructures. Hence, the concentrations of both
surfactants (HDA) and the reducing agent glucose
were optimized to prepare CuNWs with two different
aspect ratios [56-58]. The copper nanostructures
synthesized using 90 mM HDA and 180 mM HDA
were termed as CuNPs-1 and CuNPs-2.

Characterization by UV-visible Spectroscopy

The as-synthesized copper nanowires (CuNWs) were
characterized using UV—visible spectroscopy, as
illustrated in Figure 2. Metal nanostructures, such
as CuN'Ws, typically exhibit distinct absorption bands
in the UV—visible region, which can be attributed to
the excitation of surface plasmon resonance (SPR)
or interband electronic transitions. These spectral
features provide valuable insights into the optical
properties, size, and structural uniformity of the
synthesized nanomaterials. SPR is a characteristic
feature indicative of the metallic nature of the
particles. The broad SPR band was observed at 448
nm for CuNPs-1 (curve a) indicating the anisotropic
growth of copper nanostructures rather than copper
nanospheres. On the other hand, CuNPs-2 shows a
shoulder peak at 552 nm and a sharp SPR band at 635
nm (curve b) which may be due to the transverse and
longitudinal bands of CuNWs [42]. The differences
in position of the SPR band of the CuNPs are mainly
due to the effect of shape and size [35]. It can also
be noted that there is red-shift of the SPR band in
the case of the CuNPs-2. Hence, it is concluded that
HDA concentration of 180 mM is essential for the
growth of CuNWs.

Absorbance (a.u)

400 600

800

‘Wavelength (nm)

Figure 2. UV-visible spectra obtained for CuNPs prepared using (a) 90 mM and (b) 180 mM HDA.
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Characterization by FT-IR Spectroscopy

The HDA assisted copper nanostructures were further
characterized using FT-IR spectroscopy. Figure 3
shows the FT-IR spectrum of CuNWs prepared using
180 mM HDA. The appearance of doublet at 2922 and
2851 c¢cm’! indicates the asymmetric and symmetric
stretching of C-H bonds of HDA (-CH, or -CHj3
group), respectively. The FT-IR spectrum exhibited
a characteristic doublet at 3175 and 3250 cm’!,
which corresponds to the symmetric and asymmetric
stretching vibrations of the primary amine group
present in hexadecylamine (HDA). A broad absorption
band observed around 3429 ¢cm! is attributed to the —
OH stretching vibrations, indicating the presence
of hydroxyl functionalities from B-D-glucose.
Additionally, a distinct peak at 1613 cm'! is associated
with N—H bending vibrations, further confirming the
presence of amine groups. The absorption bands at
1460 and 1377 cm™' are assigned to the bending
vibrations of C—H bonds in —CH» and —CH3 groups
of HDA, respectively, supporting the successful
incorporation of the surfactant into the synthesized
nanostructures. The assignments of CuNWs were
summarized in table 1.
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Morphological characterization by SEM

The morphology of the as-synthesized copper
nanostructures (CuNPs) was examined using
scanning electron microscopy (SEM). Figures 4
and 5 show the SEM images of CuNWs synthesized
using hexadecylamine (HDA) at two different
concentrations 90 mM and 180 mM, respectively.
Figure 4 illustrates the SEM results for the sample
synthesized with 90 mM HDA. From these images, it
is evident that the formation and elongation of copper
nanowires (CuNWs) are minimal at this concentration.
The limited nanowire development suggests that
90 mM of HDA is insufficient to direct or sustain the
anisotropic growth necessary for well-defined CuNW
formation, indicating the need for a higher surfactant
concentration to achieve complete nanowire synthesis.
Figure 5A and 5B shows the SEM images obtained for
CuNPs prepared using 180 mM HDA with low and
high magnification. The SEM images revealed that the
final product consists of a large number of copper
nanowires with uniform diameters. From the UV-vis
spectroscopy and SEM studies, it is concluded that
HDA concentration of 180 mM is the optimum
concentration for the growth of CuNWs in high yield.
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Figure 3. FT-IR spectrum obtained for CuUNWs.

Table 1. FT-IR spectral data.

Band position (cm™)

Assignments [59]

2851
2922
3175
3250
1613
1460
1377

v (C-H) Symmetric (HDA)
v (C-H) Asymmetric (HDA)
v (N-H) Symmetric (HDA)
v (N-H) Asymmetric (HDA)
v (N-H) Bending (HDA)
v (C-H) Bending of CH; (HDA)
v (C-H) Bending of CH3 (HDA)
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Figure 5. SEM images obtained for CuNWs prepared using 180 mM HDA (A) low magnification, (B) high
magnification.

Characterization of GCE/CuNWs by Cyclic
Voltammetry

The CuNWs were dispersed in water and then drop
casted in a well-cleaned GCE. The dispersion was
left to dry at room temperature and subsequently
characterized using cyclic voltammetry (CV). Figure
6 presents the cyclic voltammograms (CVs) recorded
for both the bare GCE and the CuNWs-modified GCE
(GCE/CuNWs) in 0.1 M NaOH solution at a scan rate
of 50mV s!. As shown in curve (a), the bare GCE
does not exhibit any noticeable redox peaks within the
investigated potential window, indicating its limited
electrochemical activity under these conditions. In
contrast, curve (b) corresponding to the GCE/CuNWs
reveals a well-defined anodic peak at 0.285V and a
cathodic peak at 0.172 V, resulting in a peak-to-
peak separation of 113 mV. This pronounced redox
behavior confirms the enhanced electrochemical
activity of the CuNWs-modified electrode, attributed
to the high conductivity and increased surface area
provided by the nanowire structure. The anodic peak
is owing to the formation of CuO(OH) from CuNWs
and cathodic peak is due to the formation of CuO from
CuO(OH). During the anodic scan, the CuO(OH) is

formed from CuNWs which will be reduced to CuO
rather than Cu® in the cathodic scan. Since CuO is
more stable, the reduction of CuO(OH) to Cu® is not
feasible in the potential range [60,61]. The possible
reaction mechanism for the redox process during
conversion of copper to copper hydroxide is as follows.

2Cu + 20H" — Cuy0 + H,0 + 2¢” [ii]
Cw0 + 20H" — 2Cu0 + OH + 2¢” [iii]
CuO +OH™ — CuOOH + ¢ [iv]

The formation of CuO from CuOOH follows
the following reaction

CuOOH + e — CuO + OH” [v]

Calculation of Active Electrochemical Surface Area

Further, the electrochemically active surface area
of GCE/CuNWs was determined using the Anson
equation (i). The slope value is obtained from Anson
plot (plotted using chronocoulometry: plot of t"? vs.
Q; Slope is calculated from the linear portion of the
plot) (Figure 7). The electrochemically active surface
area was determined to be 0.031 cm?.
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Figure 6. CVs recorded for (a) bare GCE and (b) GCE/CuNWs in 0.1 M NaOH solution at a scan rate of

’
0 I Oj4 I
E/V vs. Ag/AgCl (KCI sat)

0.8

50 mVs.

Slope = 3.154*10°°

Glucose-Mediated Synthesis of Copper Nanowires
for the Selective and Sensitive Electrochemical
Determination of Paracetamol

Charge Q/C

-1e-05f

1 1 1

0.2 0.4
(Time, t/s)”2

Figure 7. Chronocoulumetry obtained for GCE/CuNWs in 1 mM K4[Fe(CN)¢] in 0.1 M KCI solution. Pulse
Width = 0.25 s.

Electrochemical Oxidation of PA at GCE/CuNWs

The electrocatalytic performance of the CuNWs-
modified glassy carbon electrode (GCE/CuNWs)
was evaluated using paracetamol (PA) as an
electrochemical probe. Figure 8 illustrates the cyclic
voltammograms (CVs) recorded for 0.5 mM PA at
both the bare GCE and the GCE/CuNWs in 0.2 M
phosphate-buffered saline (PBS) with a pH of 7.2. As
depicted in curve (a: solid line), the bare GCE exhibits
an oxidation peak for PA at approximately 0.57 V.
However, during the subsequent potential cycle, this
oxidation peak shifts to a more positive potential and
the corresponding peak current significantly decreases
(curve a: dotted line). This behavior indicates sluggish
electron transfer kinetics and reduced electrochemical
stability at the unmodified electrode surface. This
behavior is attributed to the adsorption of the oxidized

product of PA on the GCE surface, leading to surface
fouling. In contrast, for the GCE/CuNWs, PA
oxidation occurs at 0.56 V, showing a significantly
enhanced oxidation peak current (~5-fold) compared
to the bare GCE electrode (curve b: solid line). The
oxidation potential and oxidation peak current remains
unaffected even after several potential cycles (curve
b: dotted line). The observed 5-fold increase of PA
oxidation current might be because of the high surface
area of CuNWs, that catalysis the oxidation of
PA. This indicates that GCE/CuNWs acts as an
electrocatalyst towards the oxidation of PA and
decreases the surface fouling effect caused by the
oxidation products of PA. Curve ¢ shows the CV of
GCE/CuNWs in 0.2 M PBS in the absence of PA. The
high increase in the PA oxidation current might be due
to the high electrocatalytic surface area provided by
CuNWs compared to the bare GCE.
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Figure 8. CVs obtained for 0.5 mM PA at (a) bare GCE and (b) GCE/CuNWs in 0.2 M PBS solution (pH 7.2) at
a scan rate of 50 mV s™'. Solid line: 1% cycle; Dotted line: 6™ cycle. (c) CVs obtained for GCE/CuNWs in 0.2 M
PBS (pH 7) in the absence of PA at a scan rate of 50 mV s\,
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Figure 9. DPVs obtained for each increment of 10 uM PA in the presence of | mM AA at CaNWs/GCE in 0.2
M PB solution (pH 7.2). Inset: Plot of concentration Vs. oxidation peak current of PA.

Selective Determination of PA

The electrochemical determination of PA in real sample
analysis is mainly hindered by the high concentrations
of AA and hence the selective determination of PA in
the presence of high concentration of AA is significant.
Figure 9 displays the differential pulse voltammograms
(DPVs) recorded for the selective detection of 10 uM
paracetamol (PA) in the presence of a significantly
higher concentration (1 mM) of ascorbic acid (AA).
Despite the presence of this 100-fold excess of AA, the
sensor demonstrates excellent selectivity, as evidenced
by a consistent increase in the oxidation peak current
corresponding to PA with each successive addition of
10 uM PA. Notably, the oxidation potential of PA
remains unchanged, indicating minimal interference

from AA and confirming the high specificity of
the modified electrode. The inset of Figure 9 shows
a calibration plot of PA concentration versus its
oxidation peak current, which reveals a strong linear
relationship with a correlation coefficient (R?) of
0.9998, highlighting the sensor’s remarkable sensitivity
and linear response over the tested concentration range.
On the other hand, the oxidation potential of AA shows
only a slight shift, along with a small decrease in
the oxidation current with each addition of PA. This
suggests that the CuNWs modified electrode exhibits
strong selectivity for the determination of PA, even in
the presence of 100-fold higher concentrations of AA.
Therefore, this electrode can be used for the selective
determination of PA in the presence of AA in real
sample analysis at physiological pH.
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Figure 10. Amperometric i-t curve obtained for 30 nM addition of PA in a regular time interval of 50 s at a
constant potential 0.55 V in 0.2 M PB solution. Inset: Plot of concentration versus the oxidation peak
current of PA.

Amperometric Determination of PA at CuNWs
Modified GCE

Further, the sensitivity of the CuNWs modified GCE
towards the electrochemical determination of PA was
evaluated using amperometric analysis. Figure 10
illustrates the amperometric i-t response recorded for
the successive additions of 30 nM paracetamol (PA) at
fixed time intervals of 50 seconds, while maintaining
a constant applied potential of 0.55 V. With each
incremental addition of 30 nM PA, a corresponding

12

rise in the current response is observed, which rapidly
stabilizes within approximately 3 seconds, indicating
the rapid and efficient electrocatalytic activity of the
modified electrode. The inset of Figure 10 presents the
calibration plot of PA concentration versus the steady-
state oxidation current, showing a well-defined linear
relationship with a correlation coefficient (R?) of
0.9942. This excellent linearity confirms the high
sensitivity and reliability of the CuNWs-modified
glassy carbon electrode (GCE) for the accurate
detection of ultra-low concentrations of PA.
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Figure 11. Amperometric i-t curve obtained for (a) 0.03, (b) 0.1, (c) 0.2, (d) 0.5, (e) 1, (f) 2, (g) 5, (h) 10, (i) 10,
(j) 20 and (k) 50 uM addition of PA at a constant potential of 0.55 V in 0.2 M PB solution. Inset: Plot of
concentration versus the oxidation peak current of PA.



349 M. Gokula Krishnan, A. Sethumadavan, K. Ganesan,
P. Muthukumar, A. John Jeevagan,
T. Adinaveen and M. Amalraj

In addition, the present modified electrode is
also highly sensitive in the determination of PA in a
wide concentration range (0.03 pM — 50 uM) (Figure
11). The plot of PA concentration versus oxidation
peak current is linear, with a correlation coefficient
of 0.9982. These results indicate that the CuNWs
modified electrode is highly sensitive for detecting
PA at low concentrations, as well as across a wide
concentration range. The high sensitivity of PA
determination is possible due to the high electrochemical
active surface area provided by CuNWs besides its
high electrical conductivity.

CONCLUSION

In this present investigation, CuNWs were successfully
synthesized via template assisted synthesis using the
HDA as surfactant and stabilizing agent and glucose
as a reducing agent. It was found that the growth of
CuNWs were not observed either in the absence of
glucose or HDA. The surfactant concentration for the
growth of CuNWs was optimized to 180 mM. The as-
synthesized CuNWs were characterized using UV-vis
and FT-IR spectroscopy. FT-IR analysis confirmed
the presence of both HDA and glucose on the surface
of the CuNWs. The morphological studies were
conducted using SEM. It was found that ultra-long
CuNWs growth was observed while using 180 mM
HDA in the synthesis. The synthesized CuNWs were
drop casted on GCE for electrocatalytic applications.
The active electrochemical surface area was calculated
using Anson equation and it was found to be
0.031 cm?. The electrocatalytic performance of
the GCE/CuNWs was evaluated by investigating the
oxidation of paracetamol (PA) under physiological
pH conditions. The results revealed a significant
enhancement in the oxidation peak current
approximately a 5-fold increase when compared to
the bare GCE, highlighting the superior catalytic
efficiency of the CuNWs. Furthermore, the modified
electrode exhibited excellent electrochemical stability,
as evidenced by the consistent and reproducible
oxidation response of PA over six consecutive
potential cycles, indicating its potential for reliable
and long-term analytical applications. This could be
attributed to the high surface-to-volume ratio of
PA, which helps prevent surface fouling caused by
its oxidation products. Additionally, the selective
determination of PA in the presence of a 100-fold
higher concentration of AA was also demonstrated.
The present modified electrode is also sensitive
towards the determination of 30 nM concentration
of PA in addition to the determination of PA in a
wide concentration range (30 nM — 50 uM). The
high sensitivity and selectivity of PA determination
at CuNWs modified electrode could be used to construct
PA sensors in the near future.
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