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5.1 Introduction

The dihydro-nicotinamide adenine dinucleotide (NADH) is an essential coenzyme that
participates in metabolic activities in live cells of all organisms [1,2]. It appears in the
oxidized NAD™ and reduced NADH form utilized during ATP formation. It serves as a
hydrogen donor or electron transporter during photosynthesis, cellular redox respiration,
and other processes [3,4]. There are over 300 NADH-dependent dehydrogenases for the
maintenance of cellular metabolism, differentiation, energy metabolism, and various
health disorders [5-7]. For example, NADH has a major control function in persons with
Parkinson's disease, Alzheimer's disease, and depression [8-10]. Elevated NADH is
associated with weariness, anxiety, and insomnia, all due to excessive NADH-dependent
ATP generation [11]. Therefore, prospective chemical approaches for the determination
of NADH have gained enormous attention. This suggested the development of NADH
electrochemical sensors for NADH-dependent dehydrogenase. A significant
overpotential may result in the direct electrochemical oxidation of NADH at a bare
electrode. This, in turn, causes interferences from readily oxidizable compounds present
in the actual samples. Recently, efforts have been made to develop electrochemical
sensors by changing the electrode surface with suitable materials that efficiently
overcome the kinetic barriers for the electrochemical resurgence of NAD™ and increase
electron transmission to reduce the large overpotentials [12,13]. Such sensors may be
useful in multi-disciplines, including clinical biology, pollution monitoring, the food
industry, and various bioprocess monitoring. In humans, NADH has been associated with
mental health issues, diabetes, oxidative stress, cancer, neurological disorders, and

reduced breathing capacity [14]. Moreover, the rate of NADH turnover in cancerous cells
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is higher than in normal cells, indicating the potential use of NADH as a diagnostic tool
in evaluating new cancer treatments [15]. Significantly, NADH may be consumed in the
form of supplements, meals, or commaodities like meat, fish, potatoes, avocados, etc. [16].
NADH concentration determination can help to evaluate the effect of certain drugs used
in different diseases namely breast cancer [17]. For that reason, needed to construct a
reliable and selective sensor for detecting NADH levels in food, environmental, and
biological samples.

7,7,8,8-tetracyanoquinodimethane (TCNQ) is one of the most potent organic
electron acceptors reported for the synthesis of semiconducting organic/inorganic charge-
transfer compounds [18]. TCNQ forms a perfect electrode material for electrochemical
biosensors due to its superior conductivity and electrocatalytic activity. TCNQ's
advantageous electrical properties allow the efficient promotion of electron transport
during the electrochemical reaction, enhancement of the sensitivity as well as the
response signal of biosensors, and the reduction of response time. Additionally, owing
to its enormous specific surface area, TCNQ can effectively increase active elements’
loading, which enhances the sensor's sensitivity [19]. Its reduced forms (TCNQ™ and
TCNQ?) are the most suitable ligands for the production of a wide variety of metal-
organic frameworks (MOFs) [20] and coordination polymers (CPs) [21] due to interaction
with transition metal (TM) or organic cations. Although the development of sufficiently
large, high-quality single crystals is appropriate for X-ray structural characterization,
these materials are typically only sporadically soluble in organic solvents. These TCNQ-
based materials have recently strained attention because of their strong magnetic

characteristics and improved electrical conductivity. Since metals and their oxides have
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strong conductivity and catalytic performance, they can boost the electron transfer
efficiency and speed up the electrochemical reaction rate of TCNQ-based modified
electrodes. Employing chemical reduction, physical adsorption, and electrochemical
deposition, several metals and their oxides, including sodium, potassium [22], lithium,
copper [23-25], silver [26], platinum, palladium [27], Fe3s04, CoO3 [28], and ZnO [29]
nanoparticles are loaded on the TCNQ surface.

Inorganic nanomaterials have become an intriguing research topic recently. Due
to its remarkable catalytic capabilities, metal oxide-based modified electrodes have
recently been found to have a high potential for the electrochemical assessment of
numerous clinical indicators. Since the chemical and physical characteristics of
nanomaterials differ from bulk materials, multiple approaches have been reported for the
design of inorganic nanoparticles, including sol-gel [30], co-precipitation [31], and
hydrothermal method [32]. The hydrothermal approach is an appealing method for the
design of thermodynamically stable nanomaterial. Typically, sodium dodecyl sulfate,
EDTA, and polyethyleneglycol have been used as a framework in hydrothermal methods
[33]. The present work involves the design and validation of an electrochemical sensor
for precise and selective sensing of nicotinamide adenine dinucleotide (NADH). The
designed electrochemical sensor consists of TCNQ and Pd-Co@NC nanocomposite-
modified electrodes (TCNQ-Pd-Co@NC/CPE). Pd-Co@NC and TCNQ offer excellent
conductivity and good electrocatalytic performance for the electrochemical catalysis of
NADH, including significantly reduced overpotential, high peak current, and good
sensitivity. The designed electrode was validated by cyclic voltammetry, amperometry,

and electrochemical impedance spectroscopy (EIS).
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5.2 Experimental
5.2.1 Chemicals and apparatus
Tetracyanoquinodimethane, graphite powder (particle size < 20 um), potassium
tetrachloropalladate (I1) [K2PdCls], and Nujol oil (density 0.838 g/mL) were acquired
from Sigma Aldrich Chemical Co., India. formaldehyde, cobalt chloride hexahydrate
(CoCl,.6H20), ethylene glycol, and potassium hydroxide were purchased from Merck,
India. NADH, nitrilotriacetic acid (NTA), disodium hydrogen phosphate, dihydrogen
sodium phosphate monohydrate, and melting point capillaries were procured from Sisco
Research Laboratories (SRL) Pvt. Ltd. Isopropanol was received from SD Fine Chem
Limited, India.

CHI 660E Inc., Texas, USA, was used for electrochemical experiments using a 2
mL cell with a three-electrode system. An electrode made of silver and silver chloride
(RE 1B ALS Co. Ltd, Japan) was used as the reference, while a platinum (Pt) electrode
was used as a counter electrode. The working electrode was modified TCNQ-Pd-
Co@NC/CPE-based electrode. The buffer solution used was pH 7.0 phosphate buffer

adjusted by HCL or NaOH using a digital pH meter (IKON).

5.2.2 Synthesis of PANPs

PdNPs were synthesized by a modified method employed in our previous work [34].
Briefly, 100 uL ethylene glycol containing K2PdCls (20 mM) was mixed with 5 pL 3-
APTMS (10 mM) in a cyclo mixture, further stirred to mix the two, followed by the

addition of formaldehyde and microwave for about one minute. The mixture was
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centrifuged to obtain a black color suspension washed in triplicate with water and then

parched at 80 °C in a vacuum oven.

5.2.3 Synthesis of CoO@NC

For the synthesis of Co-NTA, a previously reported hydrothermal method was used with
slight modifications [35]. In brief, 0.1 mM cobalt chloride hexahydrate was dissolved in
15 ml of DI water in a 30 ml vial and ultrasonicated for 15 minutes. In another vial, 0.005
mol NTA was solvated in 15 ml of isopropyl alcohol and ultrasonicated for 15 minutes.
The NTA solution was added to the cobalt chloride hexahydrate solution by drop-by-drop
method followed by ultrasonication for 15 minutes. Then, the mixture of cobalt chloride
hexahydrate and NTA solution was transferred to a 50 ml Teflon autoclave and warmed
at 180 °C for about 6 h. The autoclave was cooled down to room temperature, which
resulted in a pink color Co-NTA precipitate obtained at the bottom of the autoclave. The
obtained precipitate was washed 5-6 times with DI water followed by ethanol washing,
then centrifuged and parched at 60 °C for 10 h in a vacuum oven. The resultant Co-NTA
powder was calcined at 600 °C in the furnace for 6 h to form cobalt nanocarbon

(Co@NC).

5.2.4 Synthesis of Pd-Co@NC

For the synthesis of Pd-Co@NC, Co@NC suspension was first prepared by suspending
15 mg of Co@NC in 15 ml of double distilled water and bath sonication for 30 minutes.
Then, 3 ml of PANPs was added to Co@NC and bath sonicated for 30 minutes. The
resultant Co@NC and PdNPs mixture was stirred on a magnetic stirrer at room

temperature overnight. Thereafter, the resultant system was centrifuged at 12000 rpm for
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collecting Pd-Co@NC, followed by washing with double distilled water and ethanol in
triplicate. The supernatant was discarded, and the residue obtained was dried for 10 hours

in a vacuum oven at 60 °C.

5.2.5 Fabrication of TCNQ-Pd-Co@NC modified carbon paste electrodes

The synthesized Pd-Co@NC was geometrically mixed with graphite powder. Then,
TCNQ and a few drops of Nujol oil were mixed thoroughly to form a homogenous paste.
Nujol oil was used as a binder to avoid leaching from modified carbon paste during
electroanalysis. The electrode body was filled with the modified electrode paste (Table
5.1), and a copper wire was connected to the electrodes. The modified carbon paste
electrode surface was smoothed on clean butter paper.

Table 5.1 Composition of the modified carbon paste electrodes.

System TCNQ Co@NC | Pd- Graphite | Nujol oil
(wiw) % | (w/w) % | Co@NC | (wiw) % | (w/w) %
(wiw) %
TCNQ/CPE 4 - - 71 25
TCNQ-Co@NC/CPE 4 10 - 61 25
TCNQ-Pd-Co@NC/CPE 4 - 10 61 25

5.2.6 Electrochemical measurements

Electrochemical measurement was accomplished using a three-electrode system
equipped with 2 ml 0.1 M PBS (pH 7.0) on an Electrochemical Workstation Model No
CHI (660E), Inc. Austin, TX, USA. The three electrodes used were Ag/AgCl, Platinum
wire, and TCNQ-PdCo@NC/CPE modified electrode as reference, counter/supporting,
and working electrode, respectively. During electrochemical measurement, cyclic

voltammetry, amperometry, and electrochemical impedance spectroscopy (EIS) were
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done against various concentrations of NADH. The electrode was checked to determine
the effect of pH, Interference, stability, and reproducibility of TCNQ-Pd-Co@NC. The

electrode was also studied for real-time analysis of NADH spiked in avocado juice.

5.3 Results and Discussion

5.3.1 Characterization of Co@NC and Pd-Co@NC

The crystalline properties, structural assessment, and phase uniformity of Co@NC and
Pd-Co@NC have been determined by powder X-ray diffraction technique. The XRD
spectrum of Co@NC shows the diffraction peak of metallic cobalt at 20 values 44.20°,
51.45°, and 75.85° correspond to planes (111), (200), and (220), respectively [36,37]. All
the peaks were well-matched with the JCPDS file number 15-0806. A wide diffraction
peak at 26.38° related to the (002) plane is due to the presence of graphitic carbon which
1s shown in Figure 5.1 (a). The Pd-Co@NC shows the characteristic peak of palladium
metal at 40.16° and 47.43° corresponding to planes (111) and (200) which matched with
the JCPDS file number 87-641 [34]. 20 value at 26.72° shows (002) of graphitic carbon.
Peaks at 44.35, 51.51, and 75.95 exhibited (111), (200), and (220) planes of metallic

cobalt as shown in Figure 5.1 (b).
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Figure 5.1 XRD Spectrum of (a) Co@NC and (b) Pd-Co@NC.
The XPS technique was used to analyze the chemical composition and metallic state of
the as-synthesized Pd-Co@NC catalyst. Figure 5.2 (a) shows the XPS spectrum of the Pd
3d. The spectrum peaks are deconvoluted into four distinct peaks with binding energies
ofaround 335.43 eV, 336.98 ¢V, 340.74 eV, and 342.40 eV, which correspond to 3ds» and
3ds2. The two peaks, at 335.43 eV and 340.74 eV, show the metallic form of Pd, and the
subsequent peaks, at 336.98 eV and 342.40 eV, exhibit the Pd (II) state [38]. The XPS
spectrum of Co 2p is deconvoluted into two peaks along with the satellite peaks which
are centered at 785.58 eV and 802.38 eV corresponding to the Co 2p3» and Co 2pin,
respectively [39] as shown in Figure 5.2 (b). Figure 5.2 (c) demonstrates the C 1s
spectrum of Pd-Co@NC in which the peaks at 284.57 eV, 285.7 eV, and 288.11 eV,
correspond to C-C, C=N, and C-O bonds, respectively. The N 1s shows the binding energy
at 399.86 eV, and 400.61 eV represents the C-N and C=N bonds, respectively [40] shown

in Figure 5.2 (d).
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Figure 5.2 XPS spectra of Pd-Co@NC (a) Pd 3d, (b) Co 2p, (c) C 1s, and (d) N Is.
Hydrothermally synthesized Co@NC was characterized for morphology using SEM.
Co@NC were irregularly shaped (Figure 5.3 (a)), while Pd-Co@NC were spherical, and
small particles of palladium were also present along with Co@NC as can be observed in
Figure 5.3 (d). TEM analysis also revealed Co@NC as irregular-shaped particles of size
25 nm, while Pd-Co@NC were about 50 nm spherical particles as shown in Figure 5.3
(b) & (e). Pd-Co@NC was observed as aggregates of Pd and Co@NC, where Pd was
observed as doped particles on the surface of CO@NC. The SAED pattern confirmed the

crystalline nature of particles as exhibited in Figure 5.3 (c) & ().
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Figure 5.3 SEM, TEM, and SAED images of Co@NC (a, b, c) and Pd-Co@NC (d, e, f),
respectively.

5.3.2 Cyclic voltammetry analysis

A cyclic voltammetry study was conducted to determine the NADH sensing potency of
modified electrodes. Figure 5.4 illustrates the cyclic voltammogram for the oxidation of
NADH on TCNQ/CPE, TCNQ-Co@NC/CPE, and TCNQ-Pd-Co@NC/CPE maodified
electrodes. The intensity of cathodic and anodic peak currents increases in the order of
TCNQ/CPE, TCNQ-Co@NC/CPE, and TCNQ-Pd-Co@NC/CPE. The peak-to-peak
separation value (AEp) value was 210 mV for TCNQ/CPE, 202 mV for TCNQ-
Co@NC/CPE, and 189 mV for TCNQ-Pd-Co@NC/CPE as shown in Figure 5.4 (a), (b),
and (c), respectively. The results indicated that electron transfer at the electrode
lelectrolyte interface was fastened in the case of TCNQ-Pd-Co@NC/CPE than TCNQ-
Co@NC/CPE and TCNQ/CPE, probably due to the better conductivity of TCNQ-Pd-

Co@NC/CPE.
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Figure 5.4 Cyclic voltammograms in the absence/presence of 50 UM NADH (a) TCNQ/CPE (b)
TCNQ-Co@NC/CPE and (c) TCNQ-Pd-Co@NC/CPE at 2 mV/s scan rates; Cyclic
voltammograms of (¢) TCNQ/CPE (d) TCNQ-Co@NC/CPE and (e) TCNQ-Pd-Co@NC/CPE at
2 to 100 mV/s scan rate in the absence of NADH.

Changes in voltammetric scan rate also play a key role in the sensing potency of
electrodes. The rise and fall in scan rate change the magnitude of peak current, which
may have a significant effect on electrode output. For example, a rise in scan rate results
in an increase in the magnitude of the peak current. Therefore, the effect of scan rate on
the electrocatalytic performance of TCNQ/CPE, TCNQ-Co@NC/CPE, and TCNQ-Pd-
Co@NC/CPE was investigated towards their NADH oxidation potential. The scan rate
employed ranged from 2-100 mV/s for 50 uM of NADH in 0.1 M phosphate buffer (pH
7.0). The results of Figure 5.5 (a), (b), and (c) showed that increasing the scan rate raises
the current response as a response of which higher current was observed. The current
intensity was maximum with TCNQ-Pd-Co@NC/CPE while lowest in TCNQ/CPE.

Herein, the anodic and cathodic current increased with the scan rate; however, the
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difference in peak potential remained almost the same. Therefore, a linear relationship
between the peak current and square root of the scan rate was observed, concluding a

diffusion-controlled NADH oxidation at the modified electrode TCNQ-Pd-Co@NC/CPE

[1,2].
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Figure 5.5 Cyclic voltammograms for (a) TCNQ/CPE, (b) TCNQ-Co@NC/CPE, and (c) TCNQ-
Pd-Co@NC/CPE at different scan rates of 2 to 100 mV/s with 50 uM NADH; A plot of
anodic/cathodic current versus square root of scan rate for (d) TCNQ/CPE, (¢) TCNQ-
Co@NC/CPE and (f) TCNQ-Pd-Co@NC/CPE.

The cyclic voltammograms observed above at different scan rates were plotted as peak
current vs. square root of the scan rate in order to monitor the change in voltammetric
response with the scan rate over time. As observed in Figures 5.5 (d), (e), & (f), a direct
relationship between the peak current and the square root of the scan rate was observed.
In addition, the Randles—Sevcik equation [41] was used to calculate the electrochemical
active surface area (EASA) of TCNQ/CPE, TCNQ-Co@NC/CPE, and TCNQ-Pd-

Co@NC/CPE using equation (5.1)
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I, = (2-69 = 105)n3/2AD/2y1/2(, (5.1)
Where I, is the peak current (A), n is the number of electrons involved during the reaction,
A is the electrochemically active surface area (cm?), D is the diffusion coefficient of
NADH (6.9 x 10 cm? st at 25 °C), v is the scan rate (V s™), and Co is the concentration
of the electroactive analytes (mol cm). Putting these values in equation (5.1), the EASA
of TCNQ/CPE, TCNQ-Co@NC/CPE, and TCNQ-Pd-Co@NC/CPE calculated to be
0.0673 cm?, 0.2586 cm?, and 0.2950 cm?, respectively. The EASA value demonstrated
that TCNQ-Pd-Co@NC/CPE  has  superior  electrochemical  performance
than TCNQ/CPE and TCNQ-Co@NC/CPE. Therefore, TCNQ-Pd-Co@NC/CPE
provided an effective platform for the electrochemical oxidation of NADH. The study
revealed the superior capability of TCNQ-Pd-Co@NC/CPE based electrode in charge
transfer than TCNQ/CPE and TCNQ-Co@NC/CPE, validating better conductivity of

TCNQ-Pd-Co@NC/CPE for NADH sensing.

5.3.3 Amperometric detection of NADH

Amperometric measurements under stirring conditions were done to evaluate the
electroanalytical capabilities of the designed electrodes. The records were obtained at 0.2
V vs. Ag/AgCI potential with 10 pM to 250 uM NADH. TCNQ-Pd-Co@NC/CPE
modified electrodes showed an instant response and reached steady-state within three
seconds compared to TCNQ-Co@NC/CPE and TCNQ/CPE modified electrodes as
shown in Figure 5.6 (a), (b), and (c). The standard curve prepared for NADH sensing by
amperometry was observed as a linear relationship between current and NADH

concentration Figure 5.6 (d). The electrode sensitivity observed for NADH sensing was
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determined as slope and was 5.5, 11.3, and 21.5 pA/mM for TCNQ/CPE, TCNQ-
Co@NC/CPE, and TCNQ-Pd-Co@NC/CPE electrodes, respectively. The lowest limit of
detection was 5.17 uM in TCNQ-Pd-Co@NC/CPE, calculated using the equation (5.2)
[42].

LOD = 3 *SD/m (5.2)

Where SD is the standard deviation in the intercept and m is the slope of the linearly fitted

curve.
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Figure 5.6 Amperometric responses of (a) TCNQ/CPE, (b) TCNQ-Co@NC/CPE & (c) TCNQ-
Pd-Co@NC/CPE on the addition of varying concentrations of NADH from 10 uM to 250 uM
recorded at a constant potential of 0.2V vs. Ag/AgCl; (d) Calibration curve current versus NADH
concentration.
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5.3.4 Electrochemical impedance spectroscopy (EIS)

EIS has been widely used for investigating the characteristics of the electrode and
determining the information about the transfer of electrons between the electrolyte and
electrode surface. The EIS data was fitted on R(CR)W circuit by using ZSimpWin
software. In EIS, the semi-circular portion at higher frequencies corresponds to the
electron transfer, while the linear part at lower frequencies corresponds to the diffusion
control process. The semicircle's diameter is equivalent to the electron transfer resistance
(Rct), demonstrating the extent of sensitivity of the modified layer [43]. The lower the Ret
value, the higher the electron transfer capability and thus sensitivity towards NADH. The
Nyquist plots in the frequency range of 1 Hz to 1000 kHz for TCNQ/CPE, TCNQ-
Co@NC/CPE, and TCNQ-Pd-Co@NC/CPE showed a straight line in the low-frequency

domain, and a semicircle in the high-frequency environment as shown in Figure 5.7.
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Figure 5.7 Nyquist plots in 0.1 M phosphate buffer solution (pH 7.0) over the frequency range
1 Hz to 1000 kHz in 50 uM NADH.
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Nyquist plot is completely semicircle showing Warburg diffusion. Here Warburg
impedance arises due to the diffusion control reaction of NADH during the
electrochemical process. The redox reaction occurs at the electrode due to the diffusion
of NADH in the solution toward the electrode surface [44]. At high frequencies, diffusion
effects are minimal because the applied AC signal frequency is too fast for diffusion to
respond. However, at lower frequencies, diffusion becomes more significant as the
NADH takes time to reach the electrode surface. This gives rise to the Warburg element
in the Nyquist plot, represented as a diagonal line with a slope of 45°, transitioning to a
vertical line at even lower frequencies (Figure 5.7). The Warburg impedance can be
expressed by [45,46] (Equation 5.3)
1-j

Zw = "(ﬁ) (5.3)

Where Zw is the Warburg impedance, o is the Warburg coefficient, w is the angular
frequency, and j is the imaginary unit.

The Ret value for the three electrodes was in decreasing order of TCNQ/CPE (27.5 x 102
Q cm?), TCNQ-Co@NC/CPE (19.2 x 102 Q ¢m?), and TCNQ-Pd-Co@NC/CPE (12.5 x
102 Q cm?). From this Re value, it is clear that TCNQ-Pd-Co@NC/CPE shows higher
electron transfer and lower diffusion control than TCNQ-Co@NC/CPE and TCNQ/CPE.
The higher electron transfer in TCNQ-Pd-Co@NC/CPE is due to the synergistic
interaction between Pd and Co. Thus, we can say that the incorporation of Pd significantly

improved the electron transfer capability of Co@NC.
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Table 5.2 Comparison of sensitivity, working potential, and detection limit of the designed
TCNQ-Pd-Co@NC/CPE electrode with previously reported electrode value for NADH detection.

Working electrode Ep (V) Sensitivity Limit of References
(LA mM1) | Detection
(M)
TCNQ-Pd-Co@NC/CPE +0.20 21.50 5.17 This work
TCNQ-Co@NC/CPE +0.20 11.30 12.83 This work
TCNQ/CPE +0.20 5.50 23.76 This work
PB-rGO/GCE +0.50 10.00 63.50 [47]
Graphene/GCE +0.50 12.60 20.00 [48]
Co0304 nanoparticle/carbon +0.25 14.00 0.53 [49]
ink
Chemically reduced +0.45 2.68 10.00 [50]
graphene oxide/GCE
Poly-phenothiazine/GCE +0.20 1.82 3.40 [51]

PB = Prussian blue, rGO = reduced Graphene oxide

535 Effect of pH on TCNQ-Pd-Co@NC/CPE, interference, stability, and
reproducibility of TCNQ-Pd-Co@NC/CPE

The pH of the buffer solution also plays a major role in NADH detection. The effect of
pH on NADH's electrochemical behavior was studied by cyclic voltammetry in 0.1 M
phosphate buffers at different pH values (pH 5-9). The study showed that a maximum

peak current at a pH of 7.0 was observed, and the peak current decreased when the pH
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value was altered (Figure 5.8 (a)). Since selectivity is a prerequisite for all sensors,
evaluating designed sensors in the presence of interferent molecules is a must. Herein,
the interferent investigation for TCNQ-Pd-Co@NC/CPE-modified electrode was
confirmed by amperometric analysis in the presence of 25 uM NADH. The result showed
high sensitivity of the electrode toward NADH and had selective and precise detection
capability even in the presence of other contending biomolecules like glucose, dopamine,
and uric acid (Figure 5.8 (b)).

Electrochemical sensing efficiency, stability, and repeatability are other essential
characteristics of electrodes. Therefore, the operational stability of TCNQ-Pd-
Co@NC/CPE was determined by storing the manufactured sensor at room temperature
for 5, 10, and 15 days and studying it against NADH. The oxidative peak current with 50
1M NADH does not change significantly, showing good efficiency and stability as shown
in Figure 5.8 (c). The five-fold cyclic voltammetry result of the sensor for 50 uM NADH
was almost constant. The standard deviation was 0.32 %, and the relative standard
deviation was 1.44 %, as shown in Figure 5.8 (d). This indicated good reproducibility of

the sensor for NADH.
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Figure 5.8 (a) Effect of pH on TCNQ-Pd-Co@NC/CPE (b) interference (c) stability, and (d)
reproducibility of TCNQ-Pd-Co@NC/CPE.

5.3.6 Real sample analysis

Real sample analysis was performed in avocado juice using the standard addition method
to determine the practical significance of the newly designed TCNQ-Pd-Co@NC/CPE
sensor. Avocado juice samples were spiked with 10, 50, and 100 uM NADH in 0.1 M
phosphate buffer, and amperometry was carried out at 0.20 V vs. Ag/AgCl. The recovered
amounts ranged from 95.20 to 99.65 % (Table 5.3). The results showed that the modified
electrode-based sensor is capable of identifying specific analytes in the collected sample

for real sample analysis.
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Table 5.3 Real sample analysis of NADH in avocado juice sample.

Sample No Amount Used Amount *Found Recovery (%)
(UM) (UM)
1 10 9.60 £ 0.14 95.20
2 50 49.15+1.72 95.78
3 100 100.28 £ 0.73 99.65

* Repeated three times (n=3).

5.4 Conclusions

The present work involves the design of modified TCNQ-Pd-Co@NC nanocomposites-
based carbon paste electrodes sensitive to NADH. Designed nanocomposite-modified
electrodes demonstrated strong electrocatalytic performance for NADH oxidation at a
relatively low potential. Cyclic voltammetry, amperometry, and -electrochemical
impedance spectroscopy methods determined the efficacy of the electrode. TCNQ-Pd-
Co@NC modified carbon paste electrode demonstrated a high sensitivity of 21.50 pA
mM-* with a LOD of 5.17 uM. R value of TCNQ-Pd-Co@NC/CPE was 12 x 10% Q cm?,
confirming that the modified electrode exhibited better electrocatalytic behavior.
Modified electrodes displayed excellent analytical efficiency, outstanding stability, and
repeatability for NADH detection. Therefore, designed TCNQ-Pd-Co@NC
nanocomposites-based carbon paste electrodes can be efficiently used for precise and

selective NADH sensing.
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