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1 Introduction

An important factor that influences the sensitivity of
nanosystem-designed sensors to biomarkers in elec-
trochemical sensing is Van der Waals-type interac-
tions. Due to the delocalized sp? carbon domains, it is
well known that n-type carbonaceous materials, such
as reduced graphene oxide, are strongly conductive
along the basal plane [1]. This domain of the basal
plane is a center for nanomaterials to reserve their
position through a unique Van der Waals interaction.
These interactions alter the electronic properties of a
material by deforming its planar band structure. This
deformation of the band structure of the composite
materials mimics the redox energy of the analyte
under observation, resulting in an effective charge
transfer process between the composite and the ana-
lyte [2].

Dopamine (3, 4-dihydroxylphenylethylamine,
DAH,), an important catecholamine neurotransmitter,
is present in mammalian brain tissue [3]. It functions
as an extracellular molecular messenger in the central
nervous, renal, endocrine and cardiovascular systems.
Neurological conditions such as Parkinson’s disease,
schizophrenia, convulsions, dementia in the elderly,
and hyperactivity disorder (HDD) can develop when
the dopamine system in the body malfunctions or
becomes abnormally concentrated [4]. For such
real-time diagnosis and continuous monitoring of
dopamine, a quantitative technique must be devised
in order to accurately identify and estimate dopamine
levels.

To design and produce a low-cost biomarker,
researchers have focused a significant portion of their
efforts on developing biomarker-sensing materials that
are both stable and highly sensitive. Numerous dis-
eases, including diabetes, cancer, and abnormalities
in neurotransmitters, can be detected in their earliest
stages using concentration-dependent electron trans-
port between a modified composite electrode and the
analyte [5]. Numerous synthesis techniques, including
hydrothermal, microwave, chemical solution, and the
sol-gel process, are employed in the fabrication and
synthesis of new materials [6]. Hydrothermal tech-
niques include those that synthesize metal oxides at
high temperatures and pressures with minimal chemi-
cal residue and high-quality products.

For the detection of dopamine, numerous analytical
techniques are available, including High-performance
liquid Chromatography (HPLC), Ultraviolet (UV)
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spectroscopy, flow injection analysis, fluorescence,
and electrochemical detection [7, 8]. Electrochemi-
cal techniques have been validated for their speed,
simplicity, and compactness; electrochemical detec-
tion stands out among them. Due to two-dimensional
(2D) structure, high sensitivity, component shape, and
enormous active surface area graphene oxide, Chalco-
genide [9], and its associated composites have proven
to be an effective draw for potential applications, such
as biosensing [10].

In recent years, techniques including sol-gel
[11], reverse micelle, electrodeposition, microwave
irradiation, and laser-induced fragmentation have
been utilized to produce graphene oxide, nickel
oxide, and zinc oxide nanoparticles. The hydrothermal
synthesis of NiO-ZnO/rGO has proven to be an
efficient, one-spot [12], cost-effective, and easy method
due to its simplicity and favorable reaction conditions
[13]. The electrocatalytic behavior of dopamine on
NiO-ZnO NPs decorated on rGO nanocomposites
has been investigated using glassy carbon electrodes.
GO modified and NiO-ZnO-modified electrodes have
also been subjected to comparative investigations.
All detection processes employ physiological pH
conditions. Using electrochemical methods, it is
possible to estimate the limits of quantification (LOQ),
the limits of detection (LOD), and the interference of
other biomolecules, such as Hydrogen Peroxide [14],
ascorbic acid [15], uric acid [16], and glucose [17].

In the past decade, different types of materials
have been used for dopamine sensing. With excellent
sensitivity (1.45 pA/uM), dopamine has been
investigated using Fe;O, and ZnO nanoparticles
doped with phthalocyanine (Pc) and functionalized
MWCNTs [18]. A new electrochemical sensor with
a limit of detection of 0.04 uM for the measurement
of dopamine based on flower-shaped zinc oxide
(ZnO) nanoparticles has been revealed [19]. For the
quantitative analysis of dopamine as well as the assay
of dopamine in various real samples, it has been
shown that the GCE/MWCNT/NiO demonstrated
strong linear characteristics in the concentration
range from 4 x 10 uM to 6.25 uM [20]. A powerful
electroactive catalyst for the detection of dopamine
(DA) has been developed in this study using the
hydrothermal method. This 2, 6 diaminopyridine
functionalized electrochemically reduced graphene
oxide with molybdenum oxide ternary composites
(2, 6 DAP-ERGO/Mo00O;) [21]. For the first time,
dopamine (DA), acetaminophen (AP), and melatonin
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(MEL) were simultaneously sensed using the glassy
carbon electrode surface, which was modified with
undoped a-Fe,O;, platinum-doped Fe,O; (dPtFe,O3),
Pt-decorated Fe,O; (sPtFe,O;), and doped and
decorated Fe,O; (sdPtFe) [22]. When designing a DA
sensor, graphene-based materials and their distinctive
electrical characteristics make excellent sensing
materials [23]. With an effective 14.5% response, a
new microwave-assisted two-dimensional (2D) hybrid
material based on nanostructured reduced graphene
oxide (rGO) doped with Pd nanoparticles (Pd/rGO)
has been constructed to study hydrogen sensing [24].
The rGO-WS,@Fe;O, nanocomposite exhibited a low
limit of detection (LOD) of 2.74 uM and a sensitivity
of 3.18 uA uM™ ecm™ for dopamine [25].

In the present study, we have explored the syn-
thesis of NiO-ZnO/rGO nanocomposite using the
hydrothermal method for selective detection of DA
in acetate buffer media (pH 7.4). This nanocomposite
has a morphology different from that of other stud-
ies and NiO-ZnO/rGO with a hexagonal shape and
rods adhered and merged in an rGO sheet. This unique
structure provides the Van der Waals interaction force.
The results were obtained, which overcome limitations
regarding the limits of detection and sensitivity. This
electrochemical sensing characteristics such as sensitiv-
ity, linear range, limit of detection and quantification,
repeatability, and stability of DA in different pH media
are investigated to explore the low-cost characteristics
of NiO-ZnO/rGO nanocomposite-modified electrodes.

Novelty of this work:

¢ Van der Waals interaction of the hexagonal shape
of ZnO and the rods of NiO on a reduced graphene
oxide sheet.

e NiO-ZnO/rGO nanocomposite for dopamine
sensing has first time reported.

¢ Hydrothermal method is simple, cost-effective,
efficient, and favorable in all reaction conditions.

e Observed Limit of Detection is extremely low
(0.0076 uM).

2 Experimental techniques
2.1 Reagents
Graphite flakes (mesh size 100 um), Sulfuric acid

(99% AR), Phosphoric acid (AR 88%), Potassium
permanganate (KMnO,) (AR), Dimethyl Sulfoxide
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(DMSO) (99% AR), hydrochloric acid (98% AR),
hydrogen peroxide (H,0,), ethyl alcohol (99% AR),
diethyl ether (AR), Zinc nitrate Hexahydrate (AR),
Nickel nitrate Hexahydrate (AR), and Ethylene glycol
(AR) were purchased from Sigma-Aldrich. Dopamine
(DA) was purchased from Fluka Chemical Co. (USA)
and used without further purification. The 0.1-M
pH 7.4 acetate buffer was prepared by employing a
sodium acetate and acetic acid solution (CH;COOH
and CH;COONa from Merck; 0.1-M total acetate),
which was the supporting electrolyte used in all
studies.

2.2 Preparation of NiO-ZnO nanoparticles

1.485 g of Zinc nitrate Hexahydrate [Zn(NO;),-6H,0],
1.455 g of Nickel nitrate Hexahydrate [Ni(NO;),-6H,0],
and 1.6 g of Sodium hydroxide were added to 50 ml
of ethanol (99%) and stirred for 10 min at ambient
temperature. 2 ml of Ethylene glycol were thoroughly
added to the reaction mixture. The entire reaction
mixture was transferred to spotless Teflon, sealed in
an autoclave, and then heated at 180 °C in muffle fur-
nace for 24 h. After cooling to ambient temperature,
the resultant material was centrifuged and rinsed
with ethanol and twice with double distilled water.
NiO-ZnO nanoparticles (Creamish in color) are dried
at 120 °C in hot-air oven.

2.3 Preparation of NiO-ZnO/rGO
nanocomposite

Graphene oxide (brown in color) was synthesized
using an improved Hummers method [26]. Dried
GO was dispersed in 10 mL of double distilled water.
To prepare NiO-ZnO/rGO composite in a typical
experiment, 1.485 g of Zinc nitrate Hexahydrate [Zn
(NOs3),"6H,0], 1.455 g of Nickel nitrate hexahydrate [Ni
(NOs3),'6H,0], and 1.6 g of sodium hydroxide in 50 ml
of ethanol (99% were added, stir for 10 min at ambi-
ent temperature, and finally add 6 ml of aqueous GO
solution and then stir for 10 min. After adding 2 mL
of Ethylene glycol, the mixture must be thoroughly
blended. The entire reaction mixture was transferred
to spotless Teflon, sealed in an autoclave, and heated
at 180 °C in muffle furnace for 24 h. After cooling to
ambient temperature, the resultant material was cen-
trifuged and rinsed with ethanol and twice with dou-
ble distilled water. The NiO-ZnO/rGO (Pale green in
color) composite is dried at 120 °C in hot-air oven.
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Mechanism of this work.

rGO Sheet

Zn-O

2.4 Preparation of NiO-ZnO/rGO
composite-modified GCE

The NiO-ZnO/rGO composite (1 mg/ml in ethanol)
was deposited on glassy carbon electrode (GCE) by
a drop and dry method at room temperature. The
electrode was further allowed to dry in the ultra-
high pure nitrogen atmosphere for about 30 min. The
loosely bound composite was removed by a gentle
cleaning of modified GCE with double distilled water.
NiO-ZnO nanoparticles (NPs)-modified GCE, ZnO-
modified GCE, and GO NPs-modified GCE were also
prepared for comparative study with the NiO-ZnO/
rGO composite.

2.5 Instrumentation

Using the electrochemical workstation PGSTAT 302
N (Metrohm Auotolab), a standard three-electrode
cell with a platinum wire as the counter electrode,
Ag/AgCl/saturated KCl as the reference electrode,
and bare or NiO-ZnO nanoparticle-modified GCE
(geometric area =0.07 cm?) as the active electrode.

@ Springer

The GCE was polished using alumina powder of
25 pum sizes and washed sequentially three times
with ethanol and water to remove all traces of alu-
mina and impurities. A thermal analyzer from TA
Instruments, the SDT Q600, was used for the thermo-
gravimetric analysis—differential scanning calorim-
etry (TGA-DSC) analysis. Using a spinning anode
X-ray source and a Bruker D8 Advance X-ray dif-
fractometer (XRD) operating at Cu-K monochromatic
radiation (=1.5418 A), the phase characterization of
nanocomposites was carried out. Thermo Scientific
XPS (VG Multilab 2000-Thermo Scientific, USA,
K-Alpha), which can withstand high photonic ener-
gies of 0.1 to 3 keV, was used to collect the X-ray
photoelectron spectra (XPS). For Raman analysis
Renishaw INVIA 0120-02 (UK) Raman spectrometer
was used. Thermo Scientific’s K-alpha + spectrometer
was used for High-resolution Transmission electron
microscope (HRTEM). Hitachi SU-70 (Japan) was
used to carry out the field emission scanning elec-
tron microscope (FE-SEM) measurement. All electro-
chemical tests were performed at a temperature of
25+1°Cina 0.1-M acetate solution with a pH of 7 .4.
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Fig.1 a XRD pattern of GO, NiO-ZnO, and NiO-ZnO/rGO composite. b Raman spectra of GO, NiO-ZnO, and NiO-ZnO/
rGO. ¢ TGA curves of GO, NiO-ZnO, and NiO-ZnO/rGO. d XRD overlay of NiO-ZnO/rGO before and after stability

3 Results and discussion

3.1 X-ray diffraction study of NiO-ZnO/rGO
composite

The XRD measurement was conducted in 20 range
from 5° to 80° at the scan rate of 0.1°/min. Figure 1a
of the XRD pattern depicts the precise diffraction
point at 9.20°, which reveals the pure (001) plane of
Graphene oxide (GO), as reported in the literature
[27]. The distance between planes can be calculated
using Bragg’s equation [28]:

niA=2d siné. (1)

Bragg’s equation is used to calculate d-spacing in
GO and NiO-ZnO/rGO composite. In GO, d-spac-
ing is 0.06 nm. The samples confirm Orthorhombic
NiO-ZnO/rGO phase crystalline structure (JCPDS
No. 47-1019) [29]. The interlayer spacing of rGO is

~ 0.13 nm at 36.26° (111) in composite. The value of
spacing is nearly three times smaller as compared
to reported [30], [31] values for rGO that indicates
specific and defined intercalation of NiO-ZnO. The
calculated spacing for rGO is greater than GO that
indicates further confirmation of the intercalation of
NiO-ZnO in successive rGO sheet. The NiO-ZnO/
rGO composite’s increased layer-to-layer spacing
indicates that the NiO-ZnO NPs are well decorated
on the rGO sheet.

Figure 1d represents XRD overlay of NiO-ZnO/
rGO before and after stability. It is observed that
XRD peak position are constant. However, we
found that XRD spectra of composite shows slightly
increase in intensity peak [32]. This is attributed to
catalytic behavior appearing from all the planes
of nanocomposite and due to this, 123% retention
current takes place which is shown in Fig. 7b.

@ Springer
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3.2 Raman spectra of NiO-ZnO/rGO
composite

Crystal structure, disorder, and defects in carbon-
based materials are typically summarized by Raman
spectroscopy. GO indicates the G band at 1614 cm™!
and the D band at 1350 cm™, as shown in Fig. 1b.
The G band in GO is associated with the stretching
motion of symmetric sp®> bonds of carbon atoms,
while the D band ascribes disorder and local defects
indicating sp® bonds of structure [33]. The Raman
spectra of the NiO-ZnO/rGO composite show a
characteristic peak at 944 cm™! and 1079 em™ [34].
This is 1079 cm™! due to the overlapping of NiO and
ZnO peaks. The change in peak location shows that
during hydrothermal processes, GO was reduced
to rGO [35]. In addition, this peak revealed the
presence of weak interaction between NiO-ZnO
and a graphene oxide sheet as a Van der Waals force,
which affects the vibrational and electronic states of
the composite [36]. In addition, one additional peak
arises at 531 cm™ indicating lattice vibration of NiO.

3.3 Thermogravimetric investigations of NiO-
ZnO/rGO composite

Figure 1c depicts a typical NiO-ZnO/rGO composite
TGA curve at a heating rate of 10 °C/min. The TGA
profile reveals a decrease in mass with a nearly
abrupt change at 264 °C with 9.3% weight loss,
followed by a constant plateau. Therefore, above
300 °C, a stable composite material appears to
form. Similarly, the TGA curve of NiO-ZnO NPs
demonstrates two relatively abrupt changes at 268
and 580 °C. At 150 °C, the TGA curve for GO NPs
displays a quasi-sharp change.

3.4 XPS spectra of NiO-ZnO/rGO NPs

To examine the entire chemical structure of the as-
prepared NiO-ZnO/rGO composite, X-ray photo-
electron spectroscopy (XPS) was used. Figure 2a
presents the C 1s spectra of the composite, in which
the peaks appearing at 284.06 eV (C=C bond), 284.8
eV (C-C bond), 286.9 eV (C-O bond), and 288.3 eV
(O-C-0O/C =0 Dbond) coincided with sp2 carbon com-
ponents [37]. Figure 2e depicts the C 1s spectrum
of GO and the shifting of the whole C 1s spectrum
toward higher binding energy (blue shift) in GO as
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compared to the C 1s spectra of the NiO-ZnO rGO
composite, attributed to the conversion of GO into
rGO. It is possible that the highly conductive rGO in
the composite could serve as a conductive network
to increase the number of electron transfer paths
within the material and cause Van der Waals forces
of attraction with NiO-ZnO. From the Electrochemi-
cal Impedance Spectroscopy (EIS) study, the lower
values of charge transfer resistance R, possibly con-
firm favorable electron transport between DA and
NiO-ZnO/rGO-modified electrodes.

Figure 2b shows O 1s XPS peaks, the band at 529.0
and 530.0 eV can be indexed to the C=0O bond; the
band at 531.0 eV can be indexed to lattice oxygen (OL)
in the hexagonal ZnO’s wurtzite structure [38]. The
2P3/2 main peak at 854 eV and its satellite at 860 eV,
as well as the ?P1/2 main peak at 872 eV and its satel-
lite at 878 eV, in the Ni 2p spectrum in Fig. 2¢, exhibit
the presence of NiO [39]. Figure 2d shows the Zn 2p
spectrum, with two bands at 1043.0 and 1020.0 eV,
corresponding to Zn *P1/2and Zn ?P3/2 in the form of
ZnO, respectively. From the overall XPS analysis of
the composite materials, we confirm the formation of
NiO-ZnO/rGO nanocomposite materials.

3.5 Morphological and structural analysis

The morphology and structure of the as obtained GO,
NiO-ZnO, and NiO-ZnO/rGO composite materials
were analyzed using field emission scanning elec-
tron microscopy (FE-SEM) and transmission electron
microscopy (TEM). Figure 3a depicts the pattern of gra-
phene oxide with the oxygenated planar sheet in two
dimensions. Figure 3b depicts the image of NiO-ZnO,
which is embedded with 200 nm-sized hexagonal
ZnO and peanut-shaped NiO rods [40]. Figure 3c
illustrates NiO-ZnO/rGO with a hexagonal shape and
rods adhered and merged in a 200-nm rGO sheet. This
unique structure provides the Van der Waals interac-
tion force, which has an effect on the extremely low
dopamine detection limit. As well as crystalline GO,
NiO-ZnO, and NiO-ZnO/rGO, as shown in Fig. 3d—f
by SAED patterns at a thickness of 30 mm.

Figure 4c shows SEM images of NiO-ZnO, further
confirming that the whole surface of NiO is uniformly
coated with a large amount of ZnO nanoparticles
which further adhered and merged into rGO sheet.
The nanoplatform of rGO is diminished by the load-
ing of NiO and ZnO, and this leads to their random
dispersion throughout the rGO [41]. Figure 4a and b
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Fig. 2 XPS spectra of NiO-ZnO/rGO composite: a C 1s, b O 1s, ¢ Ni 2p, d Zn 2p, XPS spectra of GO: e C 1
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Fig. 3 TEM image of a GO; b NiO-ZnO, and ¢ NiO-ZnO/rGO composite, SAED pattern images at 30 mm of d GO; e NiO-ZnO, and f

NiO—ZnO/rGO composite

shows graphene oxide sheet and mixed structure of
rods and hexagonal shape of NiO and ZnO with high
resolution at 500 nm, respectively.

Comparative elemental analysis between GO,
NiO-ZnO, and NiO-ZnO/rGO, as shown in Table 1
and in Fig. 4d. Elemental Detection Spectra (EDS) of
the NiO-ZnO/rGO composite demonstrate that oxy-
gen depletion in the nanocomposite due to removal
of insulating oxygen groups. Better electronic con-
ductivity results from allowing electrons to delocal-
ize. Therefore, it enhances its electrical conductivity.

@ Springer

3.6 The electrochemical behavior of NiO-ZnO/
rGO-modified electrode

Figure 5a depicts blank CVs (without DA) at the GCE
modified by NiO-ZnO/rGO, NiO-ZnO, and GO in
0.1-M acetate buffer (pH 7.4). In blank CVs, no char-
acteristic signature of faradic activity observed con-
firms the electrode system is stable, noise less, and
buffer is free of redox active impurities in the pre-
ferred electrochemical window. Figure 5b represents
the overlay CVs of increasing concentrations of DA
in the range of 4.12-53.6 nM at 50 mV/s. The increase
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Fig. 4 SEM image of a GO, b NiO-ZnO (red-marked NiO rods and blue-marked Hexagonal shape of ZnO), and ¢ NiO-ZnO/rGO com-
posite. d Elemental detection spectra of NiO-ZnO/rGO nanocomposite

Table 1 Elemental analysis (EDS) of GO, NiO-ZnO, and NiO-
ZnO/rGO

Sample C (at%) O (at%) Ni (at%) Zn (at%)
GO 60.48% 39.12% - -
NiO-ZnO - 65.65% 17.90% 16.45%
NiO-ZnO/rGO  4291% 56.12% 0.89% 0.08%

in concentration of DA shows no appreciable change
in the peak potential shifting, which confirms the
oxidized products of DA are not accumulating at the
surface of the electrode. It is also observed that the
oxidation peak current increases upon increasing the
DA concentration. The linear response of peak cur-
rent with concentration of DA is depicted in Fig. 5c.
This special characteristic of linearity is ascribed to
the diffusion-controlled oxidation of DA at the com-
posite surface. This linear calibration graph of anodic
pulse peak current (Ipa) versus rising DA concentra-
tion shows a linear correlation equation. Thus, the
modified NiO-ZnO/rGO electrode can be effectively
used for the determination of DA and for the future
DA oxidation.

NiO-ZnO/rGO-modified GCE was further tested
for potential pumping effects per second (scan rate).
The effect of the scan rate on the electrochemical
oxidation of DA was examined at different scan
rates in the range of 10-100 mVs™ as shown in
Fig. 5d. The potential pumped per second (scan
rate) studies were carried out to determine the
nature of the electron transfer process dependency
on the diffusion of the analyte, as shown in Fig. 5e.
Thus, we found the linear correlation coefficient of
0.98 between the obtained peak current with scan
rates that confirms that DA oxidation and reduction
are quasi-reversible diffusion-controlled processes.
This finding indicated that the modified electrode
was subject to a diffusion-controlled process. The
equation for anodic peak current and cathodic peak
current with correlation coefficient is as follows:

Anodic peak current equation:

y=1.16175 x 107 + 1.16175 x 107°(R?* = 0.9841).
@)

Cathodic peak current equation:

@ Springer
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y =2.06303 x 1077 — 3.05195 x 107%(R* = 0.9915).
)
To investigate the effect of proton on the redox
response of DA, the pH-dependent oxidation behav-
ior of DA is investigated in different protonic media
and is depicted in Fig. 6a. The study reveals that over
a pH spectrum from acidic to basic (3.6-10), CV was
used to investigate the redox activity of 28.8 nM DA at
NiO-ZnO/rGO. At each pH level, the DA undergoes

@ Springer

018 024 0.30
A12(vis)1/2

[DA]. d CV at different scan rates ranging between 10 and 100
mVs~!. e Plot of the pulse peak current versus square root of scan

rate

a distinct oxidation reaction. Since DA exhibits a
well-defined catalytic current reaction at pH 7.4, As
pH increased, the oxidation peak potential of DA
decreased, which a lower oxidation barrier in less
protic environments.

Figure 6b illustrates the influence of pH on the
peak current (Ipa) of 28.8-nM DA by modulating
the pH (3.6-10) of the supporting electrolyte (0.1-M
Acetate buffer system) at a scan rate of 50 mVs™. It was
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Fig. 6 CVs at the NiO-ZnO/rGO in 0.1-M acetate buffer, a DA
with increasing pH (3—10). b Peak currents versus pH, ¢ Selectiv-
ity study with 28.8-nM DA in the presence of 33 nM AA, Glu-

discovered that the maximum peak current of DA is
produced at pH 7.4, which is close to the physiological
pH (7.35 to 7.45).

3.6.1 Selectivity study

In the presence of large concentrations of
physiologically active interfering substances, the
selectivity of the NiO-ZnO/rGO sensor for the
measurement of DA was tested. CVs of DA in the
presence of interfering biomolecules glucose, Ascorbic
acid, Uric acid, and hydrogen peroxide are depicted
in Fig. 6¢c by performing a selectivity experiment. The
presence of these molecules has no effect on the peak
position or peak current of DA.

Figure 6d depicts the NiO-ZnO/rGO Nyquist
plots. In the presence of 1 mM ferrocene, the faradic
electrochemical impedance of modified electrodes is
investigated. The impedance analysis revealed that
the interfacial electron transfer is barrier free for the
modified electrode because its value of charge transfer
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cose, H,0,, and UA in acetate buffer (pH 7.4). d EIS plots of
NiO-ZnO/rGO/GCE in the presence of 1-mM ferrocene in 0.1-M
KCl as electrolyte. Inset is the equivalent circuit

resistance was 0.0162 ohm as opposed to 1.76 ohm for
the bare electrode. AC amplitude of 10 mV is used to
perturb the system with a predetermined frequency
range of 10 kHz to 100 MHz. The semicircular portion
on the side with the higher frequency controls
the impedance to electron transfer between the
electrode and electrolyte, thereby controlling the
electron transfer rates for the redox sensor at the
electrode interface. The linear part at low frequencies
corresponds to the diffusion process between the
electrode and electrolyte. Chronoamperograms (i-t
curve) of 28.8 nM of dopamine studied for NiO-ZnO/
rGO nanocomposite exhibits the excellent deviation in
the curve shown in Fig. 7a.

In Fig. 7b stability recorded after 100 cycles of CV
and plot the graph percentage efficiency Vs number
of CV cycle of NiO-ZnO/rGO nanocomposite. which
shows 123% retention current of its initial current
value after 100 cycle. This reveals that extreme stability
of this sensor to DA.

Using Randles—Sevcik equation [42] sensitivity of
composite can be calculated.

@ Springer
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Fig. 7 a Chronoamperogram (i—t curve) of NiO-ZnO/rGO. b Plot of % efficiency Vs Number of CV cycle of NiO-ZnO/rGO nanocom-

posite

Table 2 Analysis of real

. Voluntary-1
samples of dopamine

Voluntary-2

Added (nM) Found (nM) %Recovery Added (nM) Found (nM) %Recovery
24.7 23.9 96.8 24.7 24 97.2
49.5 48.5 98 49.5 48.8 98.6
3 1 1 . . _
I, =2.69%10%13 D103 AC @) values of DA are very C.ompatlble w1t.h standard val
p ues. These findings, which are shown in Table 2, show

where [, is the oxidation pulse peak current of DA;

n is the total number of electrons transferred; and A is
the electrochemically active surface area of the work-
ing electrode (cm?). The sensitivity and LOD were cal-
culated from the calibration plot and found to be 12.19
tA L cm? Mol ™! and LOD as low as 0.0076 uM. The
free energy of oxidation/reduction depends on the size
and morphology of the electrocatalyst, orientation of
solvent dipoles (water) and analyst (DA), and on the
electrical-double layer at the surface of the electrode.
Also we get oxygen depletion in nanocomposite which
confirmed by EDS analysis, since we have obtained
enhanced conductivity, sensitivity, and stability in
the composite, we conclude that the sensor surface is
barrier free for the oxidation of DA and hence, we get
good redox response of DA.

3.7 Analysis of real samples of dopamine
The NiO-ZnO/rGO-modified electrode for the detec-

tion of DA in human urine samples was demonstrated.
The recovery rate is 97.7% and the measurement
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that the NiO-ZnO/rGO has many potential uses for
the accurate detection of DA in urine samples.

4 Conclusion

NiO-ZnO/rGO composite demonstrated to be a sta-
ble, selective, efficient and effective DA detector.
From the spectral and morphological study we con-
clude, the Van der Waals interaction of the hexagonal
shape of ZnO and the rods of NiO on a reduced gra-
phene oxide sheet is first time reported. GCE modi-
fied with NiO-ZnO/rGO nanocomposites is used for
electrochemical detection of DA. The redox response
of the designed sensor found non-catalytic in high
and less protic environment suggest the electron
transfer process of DA at electrode surface is proton
dependent. At a physiological pH of 7.4, the assay
yields a significant response with a broad dynamic
range of 0.0041-0.054 uM, an active area of 2.1 x 107
cm?, a high sensitivity of 12.19 uA L ecm? Mol™,
and a LOD as low 0.0076 uM. The observed LOD
of our materials for DA is extremely low compared
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Table 3 Comparisons of the electrochemical efficiency in the
detection of DA between this research and earlier accounts

Electrode Linear range (uM) Detection References
limit (UM)
NiO/GO 2.0-60 0.100 [43]
ZnO/rGO 5.0-70 0.167 [44]
Ag—Cu-decorated/  0.1-10 0.210 [45]
ZnO
rGO_M 5-42 0.110 [46]
ZnO-rGO AuNPs  0.5-100 0.294 [47]
Zr0,/ZnO 0.5-100 0.0094 [48]
ZnO@ Au core shell 0.1-500 0.0086 [49]
CuO-NiO 1.0-6.0 0.033 [50]
NiO-ZnO/rGO 0.0041-0.054 0.00760  This work

to the literature cited in Table 3 itself indicates the
trace detection ability of designed sensor. Decora-
tion of rGO with NiO-ZnO can produce superior
electrochemical substrates for DA analysis due to
the increased active surface area and their unique
interactions.

5 Limitations and anticipated forthcoming
opportunity in NiO-ZnO/rGO
nanocomposite

One significant limitation of hydrothermal synthesis
is the inability to directly observe the crystal growth
process in real time. The success of hydrothermal
synthesis is highly dependent on the choice of solvent
and its critical point properties. In our study, rGO
provided a 2D platform for NiO and ZnO adsorption
to enhance the surface-to-volume ratio. NiO and ZnO
have high catalytic and electroactive properties. Based
on the current experimental finding (the Van der Waals
force), Drop casting is simplest and speedy technique
of designing electrochemical sensor. it suggests wide
scope in the following fields:

1. Photocatalyst for Organic Pollutants, Energy Stor-
age (Supercapacitor, Battery and Solar Cell).

2. Hazardous gas sensing (ammonia, CO, NOx, LPG).

3. HER and OER, pesticide detection, and other
neurotransmitter detection, e.g., glucose. 4.
Electrode material for non-invasive and wearable
dopamine biosensors. The further improvement in
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sensing can be done by studying the composition
variation and loading of NPs optimization.
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