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I.  Introduction 
RESENCE of heavy metals in water bodies is one of the 

major global concerns that adversely affect the ecosystem 
and human health. This is because heavy metal ions are non-
biodegradable, can create toxicity, and have longer half-life 
time, etc. [1, 2] As a result, the research on sensors for heavy 
metal ion (HMI) detection has attracted considerable attention. 
Among various HMIs, Copper is most readily found in water. 
It comes through multiple sources such as paints [3], pesticides 
[4], electronics [5], functional inks [6], and semiconductor 
industries [7]. The accumulation of unbounded copper ions acts 
as a chemical pollutant in underground water supplies [8]. The 
maximum containment level (MCL) of copper is 1.3 mg/L and 
2 to 4 mg per day as an essential as the dietary requirement for 
the human body [9, 10]. Severe health issues such as Wilson 
disease, gastrointestinal disturbances, and liver damage are 
caused due to the higher consumption of copper in drinking 
water [11, 12]. 
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Typically, Copper is detected in field using high 
spectroscopic techniques such as colorimetric [13, 14], 
inductively coupled plasma mass spectroscopy[15], 
instrumental neutron activation analysis [16, 17], atomic 
absorption spectroscopy [18, 19], and fluorescence 
spectrometry [20, 21] etc. These methods provide excellent 
sensitivity for the detection of copper ions in water (in the 
femtomolar range) but also require frequent maintenance and 
skills to operate. Moreover, these instruments are bulky and 
lack portability. The electrochemical sensors can provide an 
attractive alternative for the detection of copper as they 
typically exhibit favorable parameters such as desirable 
selectivity, quicker response, and operable sensitivity. Further, 
they can be self-powered and fabricated on various types of 
flexible and disposable substrates [22-25]. Due to simple and 
cost efficient fabrication processes, many low-cost printed 
biosensors have been reported for the detection of copper ions 
[26-28] and among the various attributes they offer the 
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Abstract—Heavy metal ions such as Cu2+ are harmful to 

the environment and our health. Such ions are typically 
measured using glassy carbon electrode (GCE) based 
electrochemical sensors developed on rigid substrates. 
However, several emerging applications require such 
sensors on flexible, and even disposable, substrates. 
Herein, we present a MoS2-modified screen-printed 
carbon electrode (SPCE) based flexible electrochemical 
sensor for the detection of copper ions in the water. The 
sensor exhibits excellent response with a limit of 
detection (LOD) of 5.43 µM for Cu ions in the range of 5 
µM to 5 mM. The developed sensor is compared with 
MoS2-modified conventional glassy carbon electrode 
using electrochemical impedance spectroscopy (EIS). 
The comparative studies show better linearity (R2 value ~ 
0.99) for SPCE-based sensor and underlines how easily 
they can detect Cu ions. The interference study, i.e., detection of copper ions in presence of other heavy metal ion-
based analytes, also show the excellent response of SPCE based flexible electrochemical sensor  – thus demonstrating 
their practical application is the detection of Cu in water. 
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flexibility is distinct as it allows them to conform to curved 
surfaces and hence useful for several practical applications [29-
31]. 

Herein, we present a flexible electrochemical sensor 
comprising of molybdenum disulfide (MoS2) sensing layer, on 
top of the screen-printed carbon-electrode. The 2-Dimensional 
MoS2 is an excellent transition metal dichalcogenide (TMDs) 
material which offers many advantageous traits such as good 
chemical stability, better biocompatibility, provide a larger 
surface area, and offers excellent electrocatalytic properties. 
Hence, it has gained considerable attention for sensor 
applications in areas such as pharmaceutical, food, medical and 
environmental containment monitoring [32-35]. Conventional 
electrochemical sensors are typically fabricated on rigid 
substrates (e.g., glass). Here we chose to fabricate the sensors 
on flexible substrate as their flexibility helps them to operate in 
harsh field conditions without any breakage [36, 37]. These 
flexible sensors can be miniaturized to improve the portability 
and their fabrication by printing could also ensure the resource 
efficient manufacturing[38]. However, the electrochemical 
sensor on rigid substrates can be superior in terms of sensitivity 
and performance[39].  

This paper also extends our initial work presented at IEEE 
International Conference on Flexible and Printable Sensors and 
Systems (FLEPS) 2022 [40]. In this extended work, we have 
analyzed the electrochemical behavior of both the modified 
glassy carbon electrode (GCE)  and the screen-printed carbon 
electrode (SPCE) using electrochemical impedance 
spectroscopy (EIS) techniques. The comparative impedance 
spectroscopy analysis between the performance of conventional 
GCE based rigid sensors and the screen-printed carbon 
electrode based flexible sensors shows that the capacitive 
behavior of MoS2 based printed carbon-based sensor helps in 
finer detection between linear dynamic range i.e., providing 
better change of peak current value (∆Ip) between different 
concentrations of copper detection. The cyclic voltammetry 
(CV) and differential pulse voltammetry (DPV) techniques are 
also used for the detection of copper ions in water using MoS2 
nanomaterials modified glassy carbon and screen-printed 
carbon-based electrode and their performance is compared. In 
addition, the performance of MoS2 modified SPCE based 
electrochemical sensor is studied with other similar interfering 
heavy metal ions.  

This paper is organized as follows: the materials and methods 
used, the fabrication of the screen-printed sensor, and the 
experimental setup are described in Section II. The material 
synthesis technique, their characterization, electrochemical 
performance for the copper detection, EIS study results, and 
interference studies are given in Section III. Finally, the key 
outcomes are summarized in Section IV. 

II. MATERIALS AND METHODS 
A. Materials 

Commercially available sodium molybdate, thiourea, copper 
chloride, dimethylformamide (DMF), Teflon, terpineol, and 
phosphate buffer saline tablets were purchased from Merck. 
These chemicals were used without any further modification. 
The conductive carbon paste and the grey dielectric paste used 

here (for screen-printed electrodes) were obtained from Sun 
Chemical. A glassy carbon electrode (GCE) was purchased 
from Alvotek ltd.  

B. Synthesis of 2D-MoS2 Nanoparticles 
The precursor solution was made by mixing sodium 

molybdate and thiourea in the mole ratio of 1:4 (0.020 moles to 
0.080 moles) along with deionized water. The mixture is stirred 
well for 60 minutes at room temperature. The above mixture 
was transferred to a 100 mL Teflon-lined stainless-steel 
autoclave, and it was left inside a heating oven for a day at 
220⁰C. The molybdenum disulfide (MoS2) nanomaterials were 
obtained as a black precipitate from the above mixture using 
hydrothermal synthesis. For further purification, the obtained 
black precipitate was washed multiple times with water and IPA 
using a centrifuge and left for drying at 60⁰C [41]. The MoS2 
nanoparticle was then dispersed in 20 ml of DMF using probe 
ultrasonication for 6 hrs to obtain the solution needed for sensor 
fabrication. The synthesis process is illustrated in Fig. 1. 

C. Sensor fabrication via screen printing 
A schematic representation of the screen printing of thick 

film electrodes is shown in Fig. 2. Screen Stencil Printer C920 
from AUREL Automation is used for the screen printing. 
Before screen-printing, the commercially available carbon 
paste was blended well with IPA and terpineol to obtain a paste 
with a viscosity suitable for printing. For the three-electrode 
system, all electrodes (i.e., working electrode (WE), counter 
electrode (CE), and reference electrodes (RE)) were screen 
printed onto a flexible PVC substrate using the blended carbon 
paste ink. Here, the diameter of the circular working electrode 
is 0.5 cm. Then multiple layers (20) were printed to obtain a 
thick electrode layer [42]. The printed electrodes were dried 
after each layer of printing to avoid spreading or smudging of 
already printed electrodes. This was achieved by placing the 
sample in an oven at 70 ⁰C. The same conductive carbon paste 
was used to make the wire connections. The dried 
interconnection was covered with a thick layer of grey dielectric 

 
Fig. 1. Step (1) Preparation of 2D MoS2 nanomaterial from sodium 
molybdate and thiourea; Step (2) Preparation of MoS2 ink by dispersing 
MoS2 in DMF solution using ultra-probe sonification. 
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paste to avoid short-circuiting the electrodes. 

D. Modification of GCE and SPCE using drop casting 
For GCE and SPCE modification, we used 20 µl of the 

dispersed MoS2 nanoparticle in DMF solution, and drop casted 
over the circular working region using a micropipette. 
Following this the sensor was kept in the oven at 65⁰C for 45 
mins. Multiple layers of MoS2 were stacked on top of each other 
layers by successive drop casting, with 5 µl of solution every 
time with intermediate drying at oven. Here, the other 
electrodes (Counter, Reference) are unmodified. 

E.  Electrochemical measurements 
The cyclic voltammetry (CV), differential pulse voltammetry 

(DPV), and electrochemical impedance spectroscopy (EIS) 
were performed using an electrochemical workstation 
(Metrohm Autolab (PGSTAT302N)) to study the 
electrochemical behavior of the fabricated sensor. To perform 
these studies, a neutral ionic solution of constant PH 7 was 
made, by dissolving 1 tablet of PBS in 500 mL of deionized 
(DI) water. The prepared PBS solution of 0.1 M was used as the 
electrolyte during electrochemical experiments. To prepare the 
analyte stock and other interference solutions, concentrations of 
1 mM and 100 mM were prepared by adding deionized water 
along with copper, iron, cobalt, zinc, and nickel. For performing 
the voltametric techniques, these solutions were diluted and 
further added along with 9 ml of PBS solution to achieve 
various concentrations of the analyte solutions (i.e., 1 µM to 1 
mM).  

III. RESULTS AND DISCUSSION 
A. Material Characterisation 

Fig. 3(a) shows the X-Ray diffraction (XRD) patterns that 
were acquired for the resultant product. Here the red line 
indicates the XRD pattern for the synthesized powder and the 
peaks obtained at 14.17⁰, 33.45⁰, 39.5⁰, 49.17⁰, 58.84⁰ and 
69.43⁰ can be indexed easily towards the lattice points (002), 

(100), (103), (105), (110) and (201), respectively, of 2-H MoS2 
the hexagonal phase of 2-H MoS2 concerning ICDD card no: 
37-1492[43]. Similarly, the XRD pattern for the printed SPCE 
is shown as the blue plot. The scanning electron microscopy 
(SEM) images, in Fig. 3 (b-d), were taken for the synthesized 
MoS2 powder, unmodified SPCE, and MoS2 modified over 
SPCE respectively, to understand their surface morphology. 
The SEM image of synthesized MoS2 nanoparticle powder 
indicated an agglomerated cluster of spherical nanoparticles, 
whereas the SEM image of the SPCE shows a smooth layer of 
a well-homogenous carbon ink surface. After drop-casting the 
well-dispersed MoS2 nanoparticle solution over the SPCE, a 
high roughness surface along with cracks was seen in the SEM 
image of the modified SPCE. The presence of MoS2 

 
Fig. 2. The manufacturing procedure of bulk electrodes for MoS2 modified screen printed sensor. 

 
Fig. 3. (a) shows the XRD Pattern for MoS2 powder and MoS2 coated 
SPCE layer; SEM images of (b) MoS2 powder (c) SPCE, (d) MoS2 
modified SPCE. 
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nanoparticles that were modified over SPCE was confirmed 
through the SEM images.  

B. Detection of copper ions by MoS2-coated GCE 
The 3-electrode system used here includes the MoS2 

modified GCE as the working electrode, platinum coil as the 
counter electrode, and Ag/AgCl electrode as the reference 
electrode. In Fig. 4(a, b), both CV and DPV responses are 
displayed for the bare and MoS2 modified GCE in the absence 
and presence of 100 µM, and 500 µM. Here, the difference 
between the peak current value for the detection of Cu2+ ion 
between the concentrations of 100 µM and 500 µM is 0.00228 
mA. 

C. Detection of copper ions by MoS2 modified screen-
printed electrode-based sensor 

Fig. 5(a) displays the fabricated SPCE-based sensor after 
MoS2 modification. Fig. 5(b) helps us to understand the 
electrochemical detection of copper ions using the MoS2 
modified SPCE-based sensor. Here, the black and red lines 
represent the CV curve for both bare SPCE and MoS2 modified 
SPCE in the blank 0.1 M PBS solution. The blue line shows the 
CV curve in the presence of 100 µM of copper ions in PBS 
solution, where both the oxidation and reduction peaks are 
visible at 0.2 V and -0.01 V. Thus, it helps us to understand the 
occurrence of the redox reaction of copper, which can be further 
detected by the MoS2-coated SPCE layer. Then the DPV curve 
is obtained in Fig. 5(c), where the peak anodic peak in the blank 
line is the result of modification caused by MoS2, which is used 
to detect the concentration of the analyte. Here the obtained red 
line for the same range from -0.3 V to 0.8 V at the step potential 
at 5 mV/pulse confirms the rise in the peak anodic current. 
Further, there is a slight shift in the peak voltage from 0.2 V to 
-0.01 V. The addition of 100 µM Cu analyte ions to the blank 
solution causes the oxidation of Cu ions and thus, a slight 
change in the anodic peak was observed. 

D. Concentration studies 
For the concentration studies, the cyclic voltammetry 

responses were obtained in the range of -0.3 V to 0.8 V, and the 
scan speed of 50 mV/s with varying concentrations of copper 
ions from 1 µM to 1000 µM in 0.1 M PBS as displayed in Fig. 
5(d). The oxidation peaks for such varying concentrations i.e., 
1 µM to 1000 µM are observed at 0.16 V to 0.19 V, and their 
corresponding reduction peaks are observed at 0.01 V to -0.03 
V. The differential curve in Fig. 5(e) shows anodic current 
peaks shifting in the region of 0.04 V to 0.06 V when the analyte 

concentrations were varied in 0.1 M PBS solution. Here, the 
difference between the peak current value for concentrations of 
100 µM and 500 µM is found to be 0.00904 mA, which is 4 
times higher than the change seen in the modified GCE. To 
understand the electrochemical behaviour of the fabricated 
sensor, the CV and DPV response for higher concentrations i.e., 
2 mM to 10 mM were obtained and shown in Fig. 5 (f, g). Based 
on the DPV curve response, the anodic peak current rises until 
5 mM in the region of 0.07 V.  The shape of the DPV peak curve 
obtained for 10 mM expands drastically over the region of -0.3 
V to 0.1 V with a negative peak shift at -0.05 V, making it 
undetectable and out of the detection range. To find their 
linearity, the Cu concentrations between 5 µM to 1 mM are 
plotted against their respective DPV peak current value as 
shown in Fig. 5(h). Two linear detections were found over 5 
µM to 1000 µM. 

An initial sharp rise was found over the first linear range i.e., 
between 5 to 50 µM with high linearity (R2 value - 0.99972). 
Their linear regression equation is expressed as follows: 

 

This sharp rise in peak current between 5 µM to 50 µM 
indicates that the diffusion of loosened valence electrons caused 
by the oxidation of copper has plenty of electrocatalytic edge 
sites available on the surface of 2D MoS2. The second linear 
range found over the higher concentrations i.e., 100 µM to 1000 
µM shows the linearity of R2 value 0.98605, and it was 
expressed by the linear regression expression as follows: 

 The second linear rise for the increasing peak current 
observed in the region over 100 µM to 1000 µM, can be 
explained by the partial blockage of active sites by the 
electrocatalytic edge sites after oxidation of a certain threshold 
concentration (100 µM in this case). Due to the deposition of 
oxidized copper ions i.e., cupric ions over the electrocatalytic 
edge sites of the MoS2 sensing layer, the diffusion of loosened 
valence electrons is likely to have lesser active sites for further 
diffusion[44]. During the reduction phase, these deposited Cu2+ 
ions reduce to Cu ions, and thus the deposition onto the sensing 
layer is reversed. The slope found in both linear ranges is close 
to 0.05 which indicates that the increase in the concentration of 
Cu ion is directly proportional to the increase in peak current. 
Here, the limit of detection (LOD) was found to be 5.43 µM and 
the limit of quantification (LOQ) was 16.46 µM. 

E. Effect of scan rate 
To understand the sensing mechanism, we also obtained the 

CV scans at various scan speeds between 10 to 700 mV/s, as 
shown in Fig. 6(a). In this study, 100 µM copper ions were 
present in 0.1 M PBS solution. From the scan speed time and 
their recognizable peak presence, we obtained the optimized 
scan rate for the detection of analyte solution as 10 mV/s to 200 
mV/s. The oxidation peak current value for each CV scan is 

2+

2

           Ip = 1.01278E-4*(Conc.Cu ) + 0.04897
                      R = 0.99972                             (1)

2+

2

           Ip = 1.74614E-5*(Conc.Cu ) + 0.05423
                    R = 0.98605                           (2)

 
Fig. 4. (a, b) CV and DPV responses for MoS2 coated GCE layer in the 
presence of 0, 100, 500 µM Cu2+ ions in 0.1M PBS respectively. 



8  IEEE SENSORS JOURNAL, VOL. XX, NO. XX, MONTH X, XXXX 

 

plotted against their corresponding scan rate in Fig. 6 (b) and 
the R2 value is 0.8. The corresponding varying scan rate is 
plotted in Fig. 6 (c) against the square root of the oxidation peak 
value (Ip) and the R2 value for their regression line is found to 
be 0.96. Thus, the regression line obtained from the plotted 
graph i.e., the square root of scan rate vs peak current value (Ip) 
is more linear than the regression line obtained from the plot of 
scan rate vs peak current value (Ip). These studies help us to 
understand that the sensing of analyte species is a more 
diffusion-controlled process than absorption-controlled. The 
logarithm of the oxidation peak current value is plotted against 
the logarithm of the scan rate in Fig. 6 (d) and the slope of their 
regression line is found to be 0.42848, which is close to the ideal 
diffusion-controlled process i.e., 0.5[45]. 

F. Interference Studies 
The interference studies were carried out too and, in this 

regard, the CV and DPV responses are shown in Fig. 7 (a, b) 
for the electrochemical detection of the targeted analyte species 
i.e., 100 µM Cu2+ ions in the presence of other similar heavy 
metal ions such as nickel, zinc, cobalt, and iron. The CV and 
DPV responses of the interaction between the above similar 
analyte species are shown in the Fig. S1, S2, S3, and S4 of the 
supporting information, which was obtained by adding different 
HMIs (with concentrations such as 50 µM and 100 µM) to 100 
µM Cu analyte ions in a 0.1 M PBS solution. From the 
interference study, it may be noted that the addition of Fe2+ 
majorly influences the response for the copper ion, as the peak 
shift in anodic DPV current was observed while Fe2+ ions were 
added. 

G. Comparison of GCE and SPCEs 
To compare the response SPCE with respect to GCEs, we 

obtained the Nyquist plots both in the absence and presence of 
100 µM copper ions, as shown in Fig. 8 (a). Here, we used bare 
GCE with Ag/AgCl and platinum coil to run EIS measurements 
in the absence and presence of 100 µM Cu ions in 0.1 M PBS 

solution. In both cases, the absence of a semicircle at the high-
frequency zone indicates that there is no formation of a double-
layer region. This represents characteristics similar to a typical 
supercapacitor[46, 47]. This is due to the high conductivity and 
low charge transfer resistance of glassy carbon. However, at the 
lower frequency zone, this bare electrode shows the behaviour 
of a constant phase element (CPE) with a constant phase 
difference angle (θ) of 62º without copper ions and 84º with 
copper ions (n = 0.688 & 0.933). Here, the bare GCE shows 
imperfect capacitive behaviour with the addition of copper ions 
as the deviating angle stays closer to the ideal capacitor 
behaviour i.e., = 90º[48]. However, the series resistance of this 
bare electrode is almost constant at around 108 ohms in the 
presence and absence of Cu ions, indicating that there is no 
significant change in electrode to the electrolyte interaction in 
both cases. Fig. 8 (b) shows the Nyquist plot via EIS 

 
Fig. 6. (a) CV response curves for 100 µM of Cu2+ ions in PBS with scan 
rates of 10 to 700 mV/s; (b) IP versus scan rate; (c) IP versus √scan rate; 
(d) Log of IP versus Log of scan rate.  

 

Fig. 5. (a) A photograph of the fabricated sensor. (b) CV curves of bare SPCE, MoS2/SPCE in PBS solution & MoS2/SPCE in 100 µM of copper ions 
in PBS solution. (c) DPV response curve for MoS2/SPCE in the presence of 100 µM to 1000 µM of copper ions in PBS. (d, e) CV and DPV responses 
for 1 µM to 1000 µM of copper analyte in PBS solution. (f, g) CV and DPV responses for 2 mM to 10 mM of copper analyte in PBS solution. (h) Peak 
current (Ip) vs copper concentration between 1 µM to 1000 µM.  
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measurements for the MoS2 modified GCE, both in the absence 
and presence of Cu ions. Here, in the absence of Cu ions, a 
semicircle is not seen in the high-frequency region and the plot 
resembles a CPE at a lower frequency which is possibly due to 
the roughness at the surface of the electrode (θ = 41º). However, 
the presence of a partial semicircle in the higher frequency 
region could be due to a combination of electrode resistance and 
charge transfer resistance at the surface interface (double layer 
formation), thus acting as a CPE and followed by Warburg 
impedance (θ = 44º). As shown in Fig. 8 (c), the initial electrode 
resistance for the bare and modified GCE is calculated to be 
around 111.47 ohms to 113.5 ohms in the absence and presence 
of copper ions, respectively (fitted graph are shown in Fig S5 in 
supporting information). 

Fig. 8 (d) shows the Nyquist plot for bare SPCE electrode, 
obtained from the EIS measurements in the absence and 
presence of the analyte solution i.e., 100 µM Copper ions. The 
bare SPCE shows similar CPE behavior at lower frequencies 
and no formation of double layer region (charge transfer 
resistance) due to its high conductivity. Here the constant phase 

(n) value was found to be 0.877 and 0.811 with the phase 
difference angle of 79º & 73º in the absence and presence of Cu 
ions respectively. Comparing the constant phase of these bare 
electrodes, it is noted that the capacitive impedance builds in 
MoS2 modified GCE in the presence of analyte solution while 
the capacitive impedance drops in the case of SPCE. Fig. 8 (e) 
shows the Nyquist plot for the MoS2 modified SPCE. For the 
absence and presence of analyte solution, a semicircle is formed 
at a higher frequency due to the double layer region, and CPE 
(n = 0.633 & 0.688 respectively) is seen in the lower 
frequencies. The electrode and electrolyte resistances for the 
bare and modified SPCEs are shown in Fig. 8 (f). The internal 
resistance due to both electrode and electrolyte for MoS2 
modified GCE and SPCE is found to be around 328.28 ohms 
and 370.27 ohms respectively. Their respective electrode 
resistances were measured from the fitted graphs as 279.57 
ohms and 280.12 ohms respectively. Fig. S6 in the supporting 
section contains the Nyquist plot for all electrodes in both the 
absence and presence of 100 µM Copper ions. Fig. S7 in the 
supporting section includes the Bodes plot and Fig. S8 shows 
the Frequency vs. Impedance plots for all the above cases. 

From above, it can be concluded that the modified GCE 
shows Warburg impedance which is the characteristic of an 
excellent diffusion-controlled process. And in the case of 
modified SPCEs, even if there is a slight tendency towards CPE 
characteristics (n = 0.633 & 0.688). This could be a result of 
both the capacitive nature of SPCE and ion diffusion. Further, 
the response current is the resultant of both surface-controlled 
and diffusion-controlled currents[49]. 

 
The overall peak current change observed in the modified 

p capacitance diffusionI  = I + I                                   (3)

 

Fig. 8. (a, b) Nyquist plot for the bare GCE and bare SPCE electrodes in the absence and presence of 100 µM copper ions respectively; (c) Nyquist 
plot for both bare GCE and bare SPCE in the high-frequency region; (d, e) Nyquist plot for the MoS2 modified GCE and MoS2 modified SPCE 
electrodes in the absence and presence of 100 µM copper ions respectively; (f) Nyquist plot for both the MoS2 modified GCE and MoS2 modified 
SPCE in the high-frequency region. 

 
Fig. 7. (a) CV responses for the detection of 100 µM Cu ions, along with 
other heavy metal ions; (b) DPV responses for the detection of 100 µM 
Cu ions, along with other heavy metal ions. 
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SPCE at different concentrations is higher than that observed 
for modified GCE. The high charge transfer resistance and the 
internal capacitance behavior of MoS2 modified SPCE help in 
differentiating peak current changes between smaller 
concentrations. This indicates that the SPCE shows better 
diffusion phenomena. The capacitive behavior for charge 
transfers due to the formation of a double-layer region helps in 
the better detection of diffusing Cu ion species. 

IV. CONCLUSION 
In this work, the systematic procedure for developing a thick 

film electrode via screen printing technique has been shown. 
The screen-printed carbon electrodes are modified with 2-
dimensional MoS2 nanoparticles dispersed in DMF solution. 
The electrochemical impedance studies carried out for the 
typical GCE-based electrochemical sensor and the modified 
screen-printed carbon electrodes allowed us to understand their 
capacitive and diffusion behavior. The SPCE-based sensors 
show better electrochemical performance than the GCE-based 
sensor. Whilst the better diffusion-controlled phenomena were 
observed in modified GCE, the capacitive behavior observed in 
SPCE helps to attain higher sensitivity for the detection of 
copper ions in water. The interference study shows that the 
presence of ferrous ions could affect the detection of copper. 
The observed detection range between 5 µM to 5 mM with a 
LOD of 5.43 µM, makes the presented sensor well-suited for 
the detection of copper ions in water resources. Further, the 
flexible form factor of the sensors and the low-cost fabrication 
make them an attractive alternative to the currently expensive, 
rigid sensor used for field testing. 
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