Chapter 5

5.1 Introduction

Dopamine (DA) is a neurotransmitter that plays a crucial role in the central nervous,
cardiovascular, renal system and endocrine systems. In the case of Parkinson's disease, the
concentration of DA in the extracellular fluid is an important parameter to be used in
diagnostics [1]. Due to its use in health monitoring and diagnostics, the detection of
physiologically relevant chemicals using electrocatalysts is a highly investigated topic.
Numerous biomolecules have been selected for non-enzymatic sensing employing
electrocatalysts, including glucose, dopamine, uric acid, ascorbic acid, lactic acid, and catechol
[2-4]. Several major disorders, including schizophrenia, Huntington's, attention-deficit hyper
activity disorder (ADHD), Parkinson's, and Alzheimer's are indicated by abnormal levels of
DA in bodily fluids [5]. Due to their accuracy, affordability, ease of use, and rapid response
to the determination of DA, electrochemical sensor systems appear to be an adequate way to
detect DA when compared to the currently used analytical methods including surface enhanced
Raman scattering (SERS), chemiluminescence, fluorescence, chromatography, and other
similar techniques [6-9]. The electrochemical approach gains popularity due to its simplicity,
affordability, specificity, and quick analysis [10,11]. Because of their similar oxidation
potentials, ascorbic acid (AA) and uric acid (UA) can confound DA detection at conventional

electrodes, leading to inadequate findings [12,13].

A highly sensitive and selective sensor platform is required to monitor disease progression
effectively and manage medical care by accurately detecting dopamine levels. The electrode
surface fouling is a prevalent and significant concern in numerous electrochemical
investigations. This impaired the properties of electrochemical sensors like reproducibility,

sensitivity, detection limit, and overall performance. Many antifouling approaches involve
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employing an electrode that has been modified to exhibit higher resistance to fouling compared
to an unmodified electrode [14-16]. To overcome the electrode fouling problem for the
detection of dopamine, several catalysts have been developed. In particular, carbon-based
compounds such as multi-walled carbon nanotubes (MWCNTS), and carbon nanotubes (CNTS)
are promising materials due to their high conductivity, low resistance to chemical reactions,
high specific area, low surface fouling, and capacity to speed up electrochemical reactions [17—
19]. Electrode modification is widely employed using bimetallic nanoparticles, including
combinations of nickel, palladium, platinum, iron, and gold-based nanoparticles, due to their

intriguing physical, chemical, and distinctive electrocatalytic properties.

Over the past few decades, a wide range of bimetallic nanoparticles has undergone extensive
research for a number of crucial catalytic processes, the extremely distinctive chemical and
physical characteristics and the potential for specialized catalytic activities, metal NPs are of
utmost significance [20]. Due to their numerous oxidation states for electron-transfer
processes, transition metal nanoparticles have recently attracted a growing deal of interest.
Nickel nanoparticles (Ni NPs), in particular, have been employed widely in electrode
modification due to their intrinsic electrocatalytic ability for oxidation reactions [21].
Palladium-nickel (Pd-Ni) is a combination of metals that has been studied extensively because
it is more effective than Pd monometallic catalysts in many crucial industrial processes [22,23].
The alteration of the working electrode with unique high-performance nanomaterials has
evolved into the direction of our efforts as we anticipate the development of ultrasensitive
electrochemical sensors. In this study, a new electrochemical sensor for DA detection was

created using Ni-Pd nanoparticle decorated on an f-MWCNT-modified carbon paste electrode.
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Ferrocene monocarboxylic acid was used as redox mediators during the modification of

electrodes.

5.2 Experimental
5.2.1 Materials

Sodium dihydrogen phosphate (NaH2PO4), disodium hydrogen phosphate (Na;HPOa), and
potassium tetrachloropalladate (K2PdCls) were purchased from Merck while dopamine (DA),
MWCNT, and nickel chloride were procured from Sigma Aldrich. Oleylamine was purchased
from SRL India. The dopamine injection sample was purchased from Sunvet Pharma Pvt. Ltd.

All chemicals and reagents were of the finest purity and used exactly as provided.

5.2.2 Synthesis of nickel nanoparticles

Aqueous solution of 20 mM NiCl,.6H20 was prepared and add 50 pl of NaBHa4 (0.2 M), 50 pul
Oleylamine (methanolic solution) in a round bottom flask, mix the solution vigorously, and
add 40-60 pl of 0.5 M NaOH. Stirred the mixture on a hotplate stirrer for 30 min at 50 °C. The
black colour solution was obtained after that centrifuged and washed with water and ethanol,
dry in the oven at 60 °C overnight. The obtained black powder is denoted as Ni nanoparticles

which are further characterized by using XRD and TEM [24,25].

5.2.3 Functionalization of MWCNT

The MWCNT was functionalized before further use for Ni-Pd bimetallic nanocomposite.
Chemical functionalization of the MWCNTSs was accomplished by sonicating a combination
of concentrated sulfuric and nitric acid (a ratio of 3:1) for 2 h at 40 °C. Now filtered and washed
with double distilled water until pH 7.0 and the obtained material was dry in the oven at 100
°C overnight and represented as f-MWCNT. Functionalization increases solubility and

reactivity [26].

Department of Chemistry IIT (BHU), Varanasi 94



Chapter 5

5.2.4 Synthesis of Ni-Pd bimetallic nanoparticles decorated on f-MWCNT

The palladium nickel bimetallic nanoparticles have been synthesized by wet chemical
reduction pathways. First of all, prepared a methanolic solution of KoPdCls (10 mM), 1% PVP
solution, and 3-APTMS (0.5 and 5.4 M) solution. Take 400 pl K2PdCls, 80 pl PVP, 100 pl f-
MWCNT(1mg/ml) 3mg Ni NPs, and 80 pl 3-APTMS, mix them in a glass vial, and kept it in
the oven at 40-45 °C for 60-70 s. The black colour solution was obtained which is centrifuged
and dry in the oven overnight represented as Ni-Pd/f-MWCNT and confirmed by

characterization.

5.2.5 Preparation of Ni-Pd/f-MWCNT/Fcmc modified electrode

The modified electrode was prepared by mixing the Ni-Pd/f-MWCNT nanocomposite with
Fcmc and graphite in a mortar pestle. Nujol oil was added to make the paste of the material.
The obtained paste was filled into a glass capillary which is connected with the copper wire.
Fcmc/CPE and Ni NPs/CPE were also prepared for comparisons using the same techniques.

The composition of materials used for electrode fabrication is shown in Table 5.1.

Table 5.1 Composition of the mediator-modified electrode

Ferrocene
monocarboxylic Ni NPs / Ni-Pd/f- Graphite Nujol oil
System acid (Fcmc) MWCNT (w/w%) wiw6) (wiwW6)
(W/woo)
Fcmce /CPE 2.5 - 67.5 30
Ni NPs /CPE 25 0.3 67.2 30
Ni-Pd/f-MWCNT /CPE 2.5 0.3 67.2 30
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5.2.6 Electrochemical Characterization

A Rigaku Miniflex 600 Desktop X-Ray Diffraction System using Cu Ko radiation was used to
assess the nanocomposite's crystal structures. Carl Zeiss Microscopy LTD, EVO - Scanning
Electron Microscope MA15 / 18 and Tecnai G2 20 TWIN transmission electron microscopy
(TEM) were used to examine the surface morphology and particle size of the samples. Model-
K-Alpha, Thermo Fisher Scientific XPS analysis was used to confirm the presence of elemental
composition and their oxidation state. AFM was used to check the topography image of
materials. Cyclic voltammetry, electrochemical impedance spectroscopy, and amperometry
were all conducted using a standard three-electrode setup and a CHI 608C workstation. The
phosphate buffer solution (PBS) of pH 7.0 was used as working electrolyte. The working
electrode was a modified carbon paste electrode (CPE), while the counter and reference

electrodes were composed of platinum foil (1 cm?) and silver-silver chloride, respectively.

5.3 Results and Discussion
5.3.1 Materials characterization

X-ray diffraction analysis was used to learn more about the composition and structure of Ni-
Pd/f-MWCNT nanocomposite. In figure 5.1, the peak 26 = 44.4°, 51.6°, and 76.4° in the
powder XRD corresponding to the Ni nanoparticles and the peak 26 value 40°, 46.4°, 68.1°

and 25.9° corresponding to the Pd NPs and f-MWCNT, respectively is depicted.
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Figure 5.1 PXRD analysis of synthesized materials.

The XPS response of the bimetallic Ni-Pd/MWCNT nanocomposite is depicted in figure 5.2
(a-c), which includes information about the elemental composition, electronic structure and
oxidation states of the material. Figure 5.2 (a-c) shows high-resolution XPS images of the core
levels of Ni 2p, Pd 3d, and C 1s. In figure 5.2 (b), we can see the Pd 3d spectrum, which

reveals two distinct chemical states for Pd.
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Figure 5.2 XPS data of nanocomposite Ni-Pd/f-MWCNT (a) Ni 2p, (b) Pd 3d, (c) Cls
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The lower binding energy component might be attributed to metallic Pd, whereas the larger
binding energy component show that a little amount of Pd is in oxidation state due to the
surface oxidation, which is common in metallic nanomaterials [27-30].

The FE-SEM image of Ni-Pd/f-MWCNT were shown at high magnification in figure 5.3. The
EDX and elemental colour mapping was used for the composition present in composite
materials. A network of -MWCNTSs decorated with a large number of Ni-Pd nanoparticles

became apparent, evidencing the tight entanglement of the Ni-Pd and the f-MWCNTSs.
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Figure 5.3 FE- SEM (a), elemental mapping (b, ¢, d) and EDX analysis (e) of synthesized
composite nanomaterials (Ni-Pd/f-MWCNT).

Department of Chemistry IIT (BHU), Varanasi 98



Chapter 5

Through TEM investigation, structure and size of Ni NPs and Ni-Pd/f-MWCNT were
examined. Ni nanoparticles are found to have average particle size 30+5 nm and observed in
aggregated form as shown figure 5.4 (a). Figure 5.4 (b) shows the presence of nickel and
palladium nanoparticles decorated on f-MWCNT. Figure 5.4(c, d) SAED image reveals the

crystalline nature of the synthesized materials.

Figure 5.4 TEM analysis of (a) Ni NPs, and (b) Ni-Pd/ -MWCNT. SAED Pattern (c) Ni NPs, and (d)
Ni-Pd/ -MWCNT

The topographic image before and after the electrochemical study of the modified electrode
was carried out using atomic force spectroscopy (AFM) as shown in figure 5.5. From the figure
5.5, it is found that the surface roughness was around 1.481 nm and 1.593 nm before and after

electrochemical sensing, respectively. There was an insignificant change in roughness which

Department of Chemistry IIT (BHU), Varanasi 99



Chapter 5

confirms that the modified electrodes with Pd—Ni/f-MWCNT/CPE reveal the better stability

toward DA determination [31].
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Figure 5.5 Atomic force spectroscopy image of Ni-Pd/f-MWCNT thin film before (a, b, ¢) and after

electrochemical study (d, e, f).
5.3.2 Electrochemical studies

5.3.2.1 Voltammetric study of modified carbon paste electrode

In order to evaluate the analytical potential of the proposed electrochemical sensor, the CV,
EIS, DPV, and amperometric techniques were used. Cyclic voltammetry was used to study the
redox behavior of Fcmc using nanomaterials modified electrode in 0.1 M PBS (pH 7.0), the
cyclic voltammograms (CVs) of the Fcmc/CPE, Fcmc/Ni/CPE, and Fcmc/Ni-Pd/f-
MWCNT/CPE are shown in figure 5.6. It was found that all electrodes exhibited a pair of
reversible redox peaks. A decrease in shifting of peak potential has been observed on moving
from bare to modified electrode. The findings supported a decrease in difference between the
anodic and cathodic peak potentials from 305 to 246 mV which correspond to better

electrochemical behavior of the modified electrode.

Department of Chemistry IIT (BHU), Varanasi 100



Chapter 5

I
T D kN D N RS D

34 Scan rate 10- 300 mV/s

Scan rate 10- 300 mV/s 20 Scan rate 10- 300 mV/s

i/uA

-0.2 [I:I]

02 0.4 0.6 0.2 0.0 0.2 0.4 0.6
E/V vs. Ag/AgCl E/V vs. Ag/AgCl
3
6 20
3 ] 15
lpa 4 lpa 0 Ipa
1 24
R2=0.991
—r2=0.991| <% R 5
Zo — re-0988 =° ARt = !
— — R=10),
-1 2 I -5
I 4 pe 10 1
2 .
J @ 1 (0) of () i
2 4 6 8\] 10 :2 “.514 16 18 2 4 6 8 10 12 14 1o 18 2 4 6 8 10 12 14 16 18
v/ (mV/s) W/ (Vi) VV/ (mvis)"

Figure 5.6 Cyclic voltammetric response and plot between the peak current vs square root of scan rates
for electrodes (a, d) Femc/CPE, (b, €) Fecmc-Ni NPs/CPE, (¢, f) Femc-Ni-Pd/fEMWCNT/CPE,
respectively.

Cyclic voltammograms were also obtained after the addition of DA. For comparison, cyclic
voltammetric data of before and after addition of dopamine is shown in figure 5.7. When
compared to the Fcmc-Ni/CPE, the Fcmc-Ni-Pd/f-MWCNT/CPE exhibited the highest DA
oxidation peak current, demonstrating the excellent electrocatalytic activity of modified
electrodes for DA oxidation. The enhancement in the peak current is ascribed to the synergistic
effects between the Pd—Ni bimetallic nanoparticles doped on f-MWCNT and Fcmc.
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Figure 5.7 Cyclic voltammetric study before and after dopamine (100 mM) addition at 10 mV/s under
similar condition, (a) Femc /CPE, (b) Ni NPs /CPE, and (c) Ni-Pd /f-MWCNT/CPE, respectively.
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The data has been correlated using Randles-Sevcik equation (eg. 1) for the redox process and

reaction was found to be diffusion controlled [32].

I, = 2.69 x 10°n3/2 A C DY/2 y1/2 (1

According to equation (2), a rough estimate of the electrode's surface coverage might be

determined [33]. I, = n*F?AvT/4RT (2)

Here, n represent the number of electrons involved, I, is the peak current, A is the geometrical
surface area of CPE (0.031 cm?), v is the scan rate (100 mV/s), F is the Faraday constant, T is

the temperature and R denote the universal gas constant.
The calculated T" values for modified electrodes are revealed in Table 5.2 shown below.

Table 5.2 Electrode’s surface coverage (I')

Modified electrodes I" (mol /cm?)
Fcmc/CPE 0.6231 x 10°
Fcmce-Ni NPs/CPE 1.3167 x 10°°
Fcme-Ni-Pd/f-MWCNT 3.8560 x 10°

Further, impedance spectroscopy verified that the decreased charge transfer resistance as
electrode modified with Ni-Pd/f-MWCNT nanocomposite was seen while the anodic and

cathodic peak currents were continuously elevated under identical conditions.
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5.3.3 EIS Study

Electrochemical impedance spectroscopy is a convenient, versatile, and non-destructive
technique that provides valuable information about the electrochemical behavior and surface
characteristics of electrodes, both bare and modified. The electrochemical impedance
measurement for the modified electrodes, Fcmc/CPE, Ni NPs/CPE, and Ni-Pd/f-
MWCNT/CPE were performed using 0.1M PBS pH 7.0 under similar conditions. The
experimental data was best fitted on a model RC(RW) circuit. The charge-transfer resistance
(Ret) at the interface is shown by the semicircle's diameter in the Nyquist plot. The modified
electrode Ni-Pd/f-MWCNT possessed the lowest semicircle diameter on the Nyquist plots,
which indicated a lower Rt value for this electrode. As a result, it can transmit electrons more
effectively than Ni NPs modified and bare electrodes. It reveals that Ni-Pd /f- MWCNT
composite-modified electrode could reduce the Rt value and boost the electron transfer
phenomena. Figure 5.8 shows Nyquist plots at different concentrations of DA, which were

used to calculate the values of R¢: under similar condition.
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Figure 5.8 EIS study for modified electrodes under similar conditions (a) Femc /CPE, (b) Ni NPs
/CPE, and (c) Ni-Pd /fSMWCNT /CPE, respectively.
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The Rc value for bare electrodes, Ni NPs, and Ni-Pd/f-MWCNT composite-modified

electrodes are shown in Table 5.3.

Table 5.3 Calculated charge transfer resistance (Rct) value of the modified electrodes at various

concentrations of dopamine.

Concentration Modified electrodes
Fcmce /CPE Ni NPs /CPE Ni-Pd /--MWCNT
/ICPE
(Rt kQ cm?) (Ret kQ cm?
(Ret kQ cm?)
Blank 27.17 8.04 6.32
0.5 mM DA 15.82 477 3.05
1.0 mM DA 13.89 3.95 2.01
1.5 mM DA 12.43 3.15 1.21

5.3.4 Differential pulse voltammetry (DPV)
Ni-Pd/f-MWCNT composite current responses to DA detection in 0.1 M PBS were studied

using DPV. As can be seen in figure 5.9 (a, b, ), the oxidative peak intensity of DPV steadily
rises as DA concentration is increased. These findings demonstrate that the Ni-Pd/f-MWCNT
electrode is very sensitive to the measurement of DA and has outstanding electrocatalytic
activity. In figure 5.9 (c) shows the slight shifting in peak potential which is good correlation
for enhancing the sensing of dopamine. Figure 5.9 (d) reveals the plot of current vs
concentration of dopamine with correlation coefficient for all three electrodes. The linear
equation Ip = 0.0438 [C] uM + 1.476 provides strong linear interactions between the peak

current and the concentration of DA for the Ni-Pd/f-MWCNT modified electrode.
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Figure 5.9 DPV analysis under similar condition for all modified electrodes (a) Fcmc /CPE, (b)Ni-NPs
/CPE, (¢) Ni-Pd/f-MWCNT /CPE, and (d) plot of current vs concentration study for modified electrode.

5.3.5 Amperometry i-t curves study

Constant potential amperometry was used to analyze the efficiency of the modified carbon
paste electrodes incorporating Ni NPs, and Ni-Pd/f-MWCNT. The amperometric responses of
the modified Fcmc/CPE electrodes at +0.28 V (vs. Ag/AgCl in PBS) were studied in order to
acquire several sensor parameters such as linear range, sensitivity, low detection limit (LOD),
and repeatability. DA was added progressively at various concentration ranges. The modified
electrode with Ni-Pd/f-MWCNT reveals a high i-t current than others, as shown in figure 5.10.
When DA was added to PBS, the current responses stabilized in less than 5s. The amperometric
responses were used to create a calibration plot, which shows that the current response

increased linearly with increasing DA concentrations (figure 5. 10).
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It is common practice to employ these techniques, which involve recording the current

response between the working electrode and the counter electrode, to make a quantitative

determination.
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Figure 5.10 Amperometric i-t curve for (a) Fcmc/CPE, (b) Ni NPs/CPE, (¢) Ni-Pd/f-MWCNT
modified electrodes under similar condition and (d) their current vs concentration plot.

Advantages of the amperometric approach include its ability to detect at extremely low
concentrations, its excellent sensitivity and selectivity, and its compact size. By minimizing
the capacitance current, the amperometric approach outperforms the CV techniques in terms
of sensitivity. Since the electrode surface was changed with Ni NPs, which improved electrical
conductivity and increased efficient area, the redox current of the Ni-Pd/ -MWCNT maodified
sensor spontaneously increased. Due to the increased electroactive surface area (EASA) and
strong electron conductivity of Ni-Pd/f-MWCNT, which offers more active sites for the

electrochemical reaction, the DA oxidation peak current of the Fcmc-Ni-Pd/f-MWCNT/CPE

Department of Chemistry IIT (BHU), Varanasi 106



Chapter 5

improves. A high electroactive surface area (EASA) surface facilitates the electron transfer

reaction during the electrochemical detection of DA.

The linearity is shown by the calibration plot, and the regression coefficient (R?) for DA

concentrations between 2 uM and 400 uM obtained from the fitting equation (Eq. (3)) is 0.993.

I, = 0.0656[C] uM + 2.4541 ©)

Where C is the concentration of dopamine.

To calculate the limit of detection (LOD) and limit of quantification (LOQ), for dopamine

sensing the following equations (Egs. (4) and (5)) were applied [34].

LoD == (4)
10S
LOQ =—r (5)

5.3.6 Reproducibility, selectivity, and stability

The Ni-Pd/f-MWCNT nanocomposite material has been evaluated to demonstrate the
advantages of this sensor by analysing the reproducibility, repeatability, and stability of the
produced electrode. The reproducibility of the Ni-Pd/f-MWCNT modified electrode tested in
0.1 M PBS (pH =7.0) using the amperometric method is shown in figure 5.11 (a) (the electrode
is newly produced for each individual test). The amperometric studies were carried out five
times under similar conditions, and the i-t curves for all five electrodes show almost similar
currents with a relative standard deviation (RSD) of 2.31%, demonstrating the electrochemical

sensor's high reproducibility. The DPV technique was also used to examine the cycle stability
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of the modified electrode Ni-Pd/f-MWCNT. The outstanding durability of the Ni-Pd/f-
MWCNT modified sensor is demonstrated by figure 5.11 (b), which indicates that DPV
properties for DA, such as peak currents and an integral area of DPV curves, remain unaltered

after 20 cycles.
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Figure 5.11 (a) Reproducibility and (b) stability of Ni-Pd/f-MWCNT electrodes for detection of DA

The results reported here revealed the remarkable reproducibility, repeatability, and stability
of the Ni-Pd/f-MWCNT nanocomposite sensor for the electrochemical detection of dopamine.
The Ni-Pd/f-MWCNT fabricated sensor can produce better or equivalent results for detecting

DA when compared to the earlier findings (Table 5.4).
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Table 5.4 Comparison between the proposed and reported sensor

DPV

Modified electrodes Analytical Linear LOD (uM) | Reference
technique range (UM)
Pd/CeO./rGO/ GCE DPV 5-240 0.69 [34]
AuPd@Fe.0; NPs/GCE Chronoamperometry | 0.01-832 0.01 [35]
Au NPs/MoS;/nanocomposite DPV 1-500 0.1 [36]
TCNQ@CoWO./CPE Amperometry 2-80 4.55 [37]
Au/Cu,0/rGO DPV 10-90 3.90 [38]
Au-SiO. / GCE DPV 10-500 1.98 [39]
pGr-MWCNT/Au DPV 1-100 0.07 [40]
3D DPV 1-12 0.23 [41]
rGO/MWCNTS/ZrFeOx/GCE 19180
CQDs/ CuO SWv 1-180 25.40 [42]
Ag-Cu  decorated/  ZnO- Amperometry 0.1-10 0.21 [43]
NFLCs
CTAB-GO/MWCNT/GCE DPV 5-500 15 [44]
H-Co-Ni-/GCE DPV 10-500 8 [45]
Poly SCCy/ PdNPs/CPE DPV 5-100 1.87 [46]
Ni-Pd/f-MWCNT/CPE Amperometric & 2-400 0.05 This work

pGr: 3,4,9,10-perylene tetracarboxylic acid-graphene, CQDs; carbon quantum dots, SCCy; solochrome cyanine,

NFLCs; nanoflower like composite

5.3.7 Interferences study and effect of pH

The anti-interference characteristics of the fabricated Ni-Pd/f-MWCNT/CPE sensor were

evaluated using amperometry in the presence of possible interference species. The

amperometric response to several interferences that occur frequently during DA detection was
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recorded to assess the sensitivity of the proposed sensor to such interferences i.e., AA, UA,

NaCl, and KCI shown in figure 5.12 (a).

The amperometry study have been carried out at different pH values (pH 6 to 8) PBS (0.1 M)
for the modified electrode. We obtained the maximum oxidation current at pH 7 during study.
As a result of this pH 7.0 is considered as optimize pH value to detect the DA as shown in

figure 5.12 (b).
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Figure 5.12 (a) Interference study (b) Amperometric response at different pH
5.3.8 Real sample analysis

The amperometry approach was used to evaluate the feasibility, accuracy, and sensitivity of
the constructed Ni-Pd/f-MWCNT/CPE with a commercially available dopamine hydrochloride
(DA-HCI) injection. As a first step in preparing the DA sample, the commercial dopamine
injection was diluted with distilled water. Table 5.5 shows the concentrations of DA that were
added to 0.1 M PBS solution (pH = 7.0) for the analysis of actual samples. The recovery rate
is usually calculated by dividing the concentration under test by the concentration that was
added. In the context of an electrochemical sensor used for dopamine sensing, the recovery
rate refers to the accuracy with which the sensor can detect and quantify dopamine in a sample.

Specifically, it measures the sensor's ability to recover the known amount of dopamine added

Department of Chemistry IIT (BHU), Varanasi 110



Chapter 5

to a sample during testing. Based on the results in Table 5.5, the fabricated sensor demonstrates
robust reliability for the determination of dopamine in real samples, with recovery rates ranging
from 97.75% to 101.0%. These values indicate that the sensor performs within an acceptable
accuracy range for practical applications. These findings demonstrate the viability of Ni-Pd/f-

MWCNT/CPE as a suitable electrode for the detection of DA in actual samples.

Table 5.5 Recovery rate results of DA in real sample.

Sample Added (UM) Found (UM) Recovery (%)
1 10 10.10 101.0
2 20 19.75 98.75
3 40 39.10 97.75
4 60 59.5 99.16

5.4 Conclusions

The given results are significant because they provide evidence for the viability of DA
detection utilizing electrodes acquired using a very straightforward, low-cost preparation
process with short fabrication timeframes. For quantitative DA sensing, the produced modified
electrode Ni-Pd/f-MWCNT/CPE was shown to have sterling electrochemical performance.
The Ca values for Femc /CPE, Ni NPs /CPE, and Ni-Pd /f-MWCNT/CPE were 0.112 uF, 0.754
uF, and 1.612 u F, respectively. The modified sensor showed remarkable results in terms of
sensitivity, selectivity, and electrocatalytic activity, including a linear response to dopamine
concentrations of 2 - 400 UM, a detection limit of 0.05 uM, LOQ 0.166 UM, sensitivity 2.116
HA/UMcm? and excellent recoveries of 99% following dopamine injection. For dopamine
detection in biological studies, the Ni-Pd/f-MWCNT nanocomposite might serve as a powerful

alternative catalyst.
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