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ABSTRACT: Carbon-based nanomaterials continue to simulate
wide interest in diverse disciplines including electrochemical
biosensors, which have great ability to function as next-generation
clinical diagnostics. Motivated by this point, we for the first time
developed a CuAlO2-encapsulated reduced graphene oxide (rGO)
nanocomposite by a facile wet-chemical process to modify a glassy
carbon electrode for dopamine detection with high selectivity and
good sensitivity. The size, shape, phase purity, chemical
composition, and surface area were investigated for the samples
through transmission electron microscopy, scanning electron
microscopy, high-resolution transmission electron microscopy, X-
ray photoelectron spectroscopy, X-ray diffraction, and Brunauer−
Emmett−Teller analysis. The electrocatalytic performance was studied using cyclic voltammetry and amperometric technique. The
modified rGO/CuAlO2 nanocomposite electrode showed an enhanced electrochemical performance compared to other electrodes
and pure CuAlO2 electrodes due to the strong promoting effect between rGO and CuAlO2. Both the oxidation current and
concentration were proportional and show a linear range of 9.2 × 10−8 to 1.6 × 10−7 M having a detection limit of 15 nM at S/N =
3. Further, the biosensor successfully neglected the interference of ascorbic and uric acid and exhibited enhanced selectivity,
improved sensitivity, and stability toward dopamine formulations. Most obviously, the real-time analysis of the electrochemical
biosensor may be proved using the clinical diagnostics in the near future.
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1. INTRODUCTION

Neurotransmitters are the most significant messengers of the
nervous system, and any deviation in their activities and
balances can cause serious neurological, psychiatric, and
cognitive disorders.1,2 Among them, neurological disorders
such as depression, schizophrenia, stress-related disease, and
addiction are caused because of the abnormal function of the
dopaminergic system.3 Dopamine (DA) occurs in the highest
amounts of 50 nmol g−1 in the portion of the human brain
called caudate nucleus. However, DA occurs in low
concentrations for a healthy individual, and it completely
becomes null for persons affected with neurological disorders,
especially, Parkinson’s disease.4 Detection of DA has been
most favorably accomplished using electrochemistry with the
ultimate task being the existence of high sensitivity and good
selectivity toward DA detection. Several technologies including
electrochemistry, chemiluminescence, spectrophotometry, and
so forth have been used to detect DA.5−8 These were designed
for in vivo observation of DA at its physiological equivalent
levels of 900−600 nM in Parkinson’s patients medicated with
L-dopa, and in the human brain, it changes in the range of 100
nM to 1 μM on DA release.9−12 However, the release of DA

and the following changes all happen in less than a few
seconds, and hence the small changes in the concentration can
be misestimated due to time-based resolution of these
methods.13

Electrochemical biosensor-modified electrode can sense DA
from the cerebral system at the nanomole level.14−17However,
these biosensors have poor selectivity toward DA as these were
designed with no recognition unit or molecular recognition.
Ascorbic acid (AA), uric acid (UA), and DA have similar
oxidation potentials, and hence discrimination of DA from AA
and UA remains a challenge.18 In the detection of DA, poor
selectivity and sensitivity occurs as the surface of the electrodes
is fouled by the products obtained during AA and UA
oxidation.19 This can be improved by choosing an appropriate
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material for the transducer matrix.20,21 Reduced graphene
oxide (rGO) with a thin sheetlike architecture and a high
surface area is the material that has been used in the recent
biosensor. It facilitates electron transfer and biomolecular
affinity.22 The features of the biosensor can be enhanced by
incorporating metal and transition-metal oxides in rGO, which
results in the variation of oxygen functional groups and
defects.23−25 Motivated by this point, delafossite CuAlO2
structure, one of the transparent conducting oxide materials
belonging to quasi-two-dimensional systems and markedly
anisotropic, is a potential high surface area candidate for higher
end biological applications because of its good catalytic activity
and biocompatibility.26−29 However, controlling the shape of
graphene-based nanomaterials remains a challenge. Hence,
further perfection of biosensing performance such as enhanced
selectivity, improved sensitivity, and stability of carbon-based
nanomaterials is still in demand. To the best of our knowledge,
the rGO/CuAlO2-modified electrode shows a much improved
electrochemical performance toward neurotransmitter com-
pounds, which has not been explored in the reported articles.
Focusing all above points, we present here the rGO/CuAlO2

nanocomposite with exceptional physicochemical properties
toward electrochemical detection of DA. Moreover, the
synergistic effect between the rGO and CuAlO2 nanospheres
causes DA high performance compared to pure CuAlO2. It
exposes an outperformed benchmark electrocatalyst toward the
detection of DA with high selectivity, good sensitivity, low
detection, linear range, and stability and successfully neglects
the interference of UA and AA. We believe that the developed
biosensor can be successfully used to determine DA in clinical
diagnostics in the near future.

2. EXPERIMENTAL TECHNIQUE
2.1. Synthesis of GO, rGO, CuAlO2, and rGO/CuAlO2.

Graphene oxide (GO) was synthesized according to modified

Hummers method30 with the help of an expandable graphite flake
as a precursor material, as reported in our previous publications.31

Analytical pure grade chemicals were used directly for the
experiments. Separate experiments were employed for the synthesis
of rGO, CuAlO2, and rGO/CuAlO2. In the first experiment, 3.2 mg of
the obtained dry GO was dispersed in 50 mL of deionized water by
ultrasonication for 3 h, resulting in a brown color graphene solution.
Then, equimolar amounts of Cu(NO3)2·3H2O, Al(NO3)2·9H2O, and
sodium dodecyl sulfate were dissolved in 45 mL of deionized water
under stirring to form a light blue colored solution, which was added
to the above solution. 2 g of NaOH and 3 mL of ethylene glycol were
added as an additive which resulted in a homogeneous blue colored
solution. One hour later, the prepared solution was fed into a 110 mL
Teflon-lined stainless-steel autoclave maintained at 180 °C for 12 h.
The obtained products were centrifuged, washed, and then dried in air
at 80 °C overnight. At last, the powder was annealed at 1100 °C for 2
h to obtain rGO/CuAlO2 samples and used for further character-
ization analysis as shown in Figure 1. In the second experiment,
CuAlO2 was synthesized without the addition of GO. In the third
experiment, rGO was prepared without adding the staring materials
and surfactants under the same conditions, except for the calcination
temperature.

2.2. Material Characterization. The surface morphology and
crystal phase of the synthesized materials were investigated by
scanning electron microscopy (SEM, JSM F-100). Transmission
electron microscopy (TEM) and high resolution TEM (HRTEM)
analyses were performed using a Tecnai F20 microscope at an
accelerated voltage of 200 kV. X-ray diffraction (XRD) was performed
using a Rigaku diffractometer, model DMax-2500 PC, with Cu Kα1
radiation (K = 1.5406 Å) in the 2θ range from 10 to 80 °C. The
Raman spectrum was obtained using a LabRAM HR 800 Raman
microscope.

X-ray photoelectron spectroscopy (XPS) technique recorded the
binding energies using a ESCA + Omicron UK XPS system with a Mg
Kα source and a photon energy of 1486.6 eV. Nitrogen adsorption−
desorption isotherms were obtained using Brunauer−Emmett−Teller
analysis from a Micromeritics ASAP 2020 system. A conventional
three-electrode cell with a modified glassy carbon electrode (GCE, 3
mm in diameter) as the working electrode, a saturated Ag/AgCl

Figure 1. Systematic steps in the synthesis procedure of GO, CuAlO2, and rGO/CuAlO2 nanocomposite and their electrochemical detection
toward neurotransmitter compounds.
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reference electrode, and a platinum wire as the auxiliary electrode
were used for electrochemical experiments performed using
CH1660B workstations. The modified GCE was fabricated as
reported in our previous publications.19

3. RESULTS AND DISCUSSION
3.1. Surface Morphology and Particle Size Analysis.

The surface morphology of the obtained samples was
investigated through SEM. From Figure 2a, we observed that

interlinked three-dimensional porous platelet-like structures
are formed. Figure 2b shows the rGO sheets obtained using
the facile hydrothermal reaction without using any organic
compounds. Overlap at the edges of wrinkled rGO can be
observed, and it demonstrates the random accumulation of
rGO sheets. Subsequently, we can observe low-magnification
images of the CuAlO2 sample in Figure 2c. The product has
combined microspheres with diameters about 2.5 μm, and
consequently from the close observation of Figure 2d, we can
confirm that the microspheres are formed by numerous
interconnected nanoparticles of average size ∼60 nm. Amidst
the interconnected particles, voids and interspaces can be
located. The surfactant has a vital role in the construction of
nanoparticles and assemblies from the single center, thereby
acquiring the formation of the microsphere via a self-assembly
process.32 Figure 2e reveals that the CuAlO2 microspheres
encapsulated in rGO sheets are well organized having an
average size approximately ∼1.5 μm, which is smaller than that
of pure CuAlO2 microspheres, and the volume shrinks in the
rGO sheet during the reaction time. This indicates that the

reaction times, surfactant, and rGO concentration play a vital
role in controlling the shape and size of the rGO/CuAlO2
microspheres.33 An enlarged image of the rGO/CuAlO2
nanocomposite is shown in Figure 2f. rGO and CuAlO2 are
connected to each other, and the surface of CuAlO2
microspheres exhibits a closely packed rGO with a hexagonal
ordered arrangement. Based on our experiments, we believe
rGO has a substantial part in the nucleation of the CuAlO2
microspheres. The characteristic feature of rGO/CuAlO2 is
that the rGO sheets form a bridge between CuAlO2
microspheres, which could significantly improve the sensing
performance in the current work.
Further investigation into the morphology of CuAlO2

nanostructure and rGO/CuAlO2 nanocomposites was carried
out using TEM and HRTEM analyses. Figure 3a presents the
low-magnification TEM image taken from the combined
CuAlO2 microsphere with an average size of ∼2.5 μm. From
the high-magnification image of the CuAlO2 microsphere
(Figure 3b) (taken in the spot indicated by a circle in Figure
3a), it can be observed that each nanoparticle of the combined
microsphere is distorted from a dense structure with a porous
surface with interconnected nanoparticles of size ca. 60 nm.
Further information of the microsphere rGO/CuAlO2

nanocomposites can be obtained from Figure 3d. The well-
defined microspheres of ∼1.5 μm diameter consist of small
nanoparticles having average size ca. 40 nm, and also small
foldings were present at the edges of rGO having only two
layers of graphene, as seen in Figure 3e,f. We can distinctly
view many minute projecting edges on the surface of the
microsphere which is essentially composed of rGO nanosheets.
The HRTEM images captured at the tip of the individual
CuAlO2 nanostructures and rGO/CuAlO2 nanocomposites are
presented in Figure 3c,f. It was noted that the crystallographic
orientation of the particle was similar. Besides, the interlayer
distance was 0.281 nm belonging to the (012) plane of
CuAlO2 microspheres, as presented in Figure 3c. The
characteristic lattice fringes of CuAlO2 microsphere in the
surrounding of the rGO sheet can be seen in Figure 3f, with a
d-spacing of 0.281 and 0.34 nm belonging to the planes (012)
and (002) for CuAlO2 and rGO. They were evaluated from
randomly selected 50 fringes, as observed in Figure 3c,f. At the
bottom (inset) of Figure 3c,f, the selected area electron
diffraction (SAED) pattern of the samples is presented. The
bright diffraction spots are indexed to the rhombohedral
structure of CuAlO2 with single-crystalline nature. The major
diffraction spots correspond to (012), (006), and (101) planes.
Diffraction spots belonging to the secondary or impurity
phases were absent. The observed results of TEM and
HRTEM go hand in hand with the SEM analysis.

3.2. Structural Analysis. Phase and structural purity of the
prepared GO, rGO, CuAlO2, and rGO/CuAlO2 nano-
composite samples were analyzed by the powder XRD method.
In Figure 4a, the XRD pattern of GO can be observed, and the
strong peak at the (002) plane corresponding to a 2θ value at
10.79 has an interlayer spacing of 0.785 nm which is much
higher than that of pristine graphite (0.34 nm).33 The graphite
surface contains a functional group belonging to the prefaces of
oxygen which increases the interlayer spacing and also
indicates the formation of GO by oxidation of expandable
graphite.34 Broadening and shifting of the XRD peak appear at
23.2 and 42.5°, which can be indexed to the (002) and (100)
planes of graphene, and the restoration of C−C (sp2) bonding
confirms the conversion of GO to rGO after the hydrothermal

Figure 2. SEM images: (a) GO, (b) rGO, and (c,e) high-
magnification and (d,f) low-magnification CuAlO2 and rGO/
CuAlO2 nanocomposites.
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treatment of GO. There were no noticeable changes between
the XRD patterns of CuAlO2 and rGO/CuAlO2 nano-
composites, and all diffraction peaks belong to the single-
phase CuAlO2. The structural phase embraced is rhombohe-
dral (a = b = 2.8562 Å, c = 16.9584 Å, within a maximum
experimental error of ±0.0002, α = β = 90°, γ = 120°).35 The
typical peaks related to impurity phases or belonging to rGO
peaks were not detected in the XRD pattern of rGO/CuAlO2

nanocomposites, which can be attributed to the low trace and
small intensity of the rGO peak. Also, the rGO/CuAlO2

nanocomposites display a small broad diffraction peak value
compared to pure CuAlO2, indicating higher oxygen functional
groups on the GO surface along with carboxylic and hydroxyl
groups to obstruct the diffusion and crystallization of CuAlO2

grains. The observations of the XRD patterns confirm that
CuAlO2 microspheres were grown successfully on rGO by the
wet-chemical process.
The average crystallite size was manipulated by the Debye−

Scherrer formula32 and was found to be ∼65 and 42 nm for
CuAlO2 nanostructures and rGO/CuAlO2 nanocomposites,
respectively, which is almost related to observation from the
particle size analysis.

Further, Raman spectroscopy was used as the sensitive
technique to characterize layered materials to reveal the
structure of rGO, CuAlO2, and rGO/CuAlO2 nanocomposites
as shown in Figure 4b. As we can see, all prepared materials
show a D band peak at around 1357 cm−1, which occurs due to
functional groups attached to the carbon basal plane. The G
band peaks are observed at 1586 (rGO) and 1582 cm−1 (rGO/
CuAlO2). These can be attributed to the doubly-degenerated
phonon mode (E2g symmetry) occurring at the Brillouin zone
center and to the in-plane vibrations of sp2 carbon atoms.36 It
can also be because the hexagonal network of carbon atom
with defects has been recovered by the “self-healing”
characteristics of rGO, the presence of the D band peak, and
the G band peak, which show a downshift from 1586 to 1582
cm−1.37 Also, a small increase in the ID/IG ratio was observed
for the rGO/CuAlO2 nanocomposites and was found to be
1.08. These focus points confirm the existence of new graphitic
domains due to decrease in the sp2 domain size of carbon
atoms and the reduction of sp3 to sp2 carbon under the
hydrothermal process. Further, the Raman spectra of rGO/
CuAlO2 nanocomposites are observed in the 200−800 cm−1

region, where the A1g and degenerate Eg symmetries are Raman
active modes that can be attributed to 417 and 765 cm−1, same

Figure 3. (a,d) Low magnification and (b,e) high magnification of TEM images. (c,f) HRTEM image of CuAlO2 nanostructures and rGO/CuAlO2
nanocomposites; (inset top) corresponding lattice interplanar spacing; (inset bottom) corresponding SAED pattern.

Figure 4. (a) XRD pattern and (b) Raman spectrum of GO, rGO, CuAlO2, and rGO/CuAlO2 nanocomposites.
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as for CuAlO2.
38 The A1g and Eg modes were due to the

vibrations of the Cu−O bond and perpendicular to the c-axis.
The peak positions corresponding to the values are reported
for CuAlO2.

37 The as-prepared samples were of high purity as
the peaks related to impurity and other phases were not
detected. These results confirm that the prepared rGO/
CuAlO2 nanocomposites are a mixture of CuAlO2 and rGO.
3.3. Chemical Composition Analysis. Further inves-

tigation of the chemical state of the synthesized samples was
performed through the XPS technique. From the spectrum
shown in Figure 5a, the elements Cu, Al, O, and C show their
presence, and the survey spectra of GO, rGO, and rGO/
CuAlO2 nanocomposites confirm the presence of C 1s, Cu 2p,
and 3p and also the related core levels Al 2p and O 1s. The C
1s spectrum of GO (Figure 5b) consists of the nonoxygenated
C (284.5 eV), the carbon in C−O (286.7 eV), and the
carboxylate carbon (O−CO, 288.7 eV), in contrast in the
rGO, the intensity of C−O and O−CO peaks (Figure 5c).
These results suggest that the oxygen-containing functional

groups are completely removed after hydrothermal treatment.
The reduction of peak intensities confirms the existence of
residual oxygenate group in rGO. In rGO/CuAlO2 (Figure
5d), the main broad peak at 284.3 eV and the peaks at 286.2
and 288.9 eV are attributed to the residual oxygen-containing
groups. The observance of an oxygenated weaker peak suggests
the deoxygenation of GO and the formation of rGO.39 The
enhancement in C−O ratio in rGO sheets can serve as a
conductive channel between the CuAlO2 microspheres and is
favorable for the sensing process. The O 1s peak at 531.09,
531.24, and 531.35 eV for GO, rGO, and rGO/CuAlO2
nanocomposites indicates the presence of chemisorbed O-
containing species, attributed to the lattice oxygen as presented
in Figure 5e.
The calculated C−O molar ratio shows the high content of

oxygen species in GO (1:12.6), whereas the molar ratio was
found to be only 1:3.18 for rGO, confirming the reduction of
GO. On the other hand, the binding energy of Cu 2p3/2 and
Cu 2p1/2 was found at 931.81 and 951.54 eV for the Cu2+ state,

Figure 5. (a) XPS survey spectra, C 1s line after the offset of GO, rGO, and rGO/CuAlO2 nanocomposites, (b−d) local fine scanning of O 1s of
GO, CuAlO2, and rGO/CuAlO2 nanocomposites, and (f) UV−vis absorption spectra of GO, rGO, and rGO/CuAlO2 nanocomposites.
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which confirms that Cu in CuAlO2 is in +1 state. The impurity
phases of CuO and CuAl2O4 are not present because of
annealing treatment in the prepared samples. The Al 2p peak
of Al3+ at 74.20 and 74.24 eV and the Cu 3p1/2 peak at 78.60 of
Cu+ were also observed in the prepared samples39 which can
be attributed to the interaction between Cu 3p and Al 2p. It
was confirmed that the Al element can exist in the form of
CuAlO2. All of the binding energy values of C, O, Cu, and Al
infer the chemically bonded state of the elements. Composi-
tional analysis along with the structural results indicate that the
synthesized samples were GO, rGO, and rGO/CuAlO2

composites. The XPS spectrum indicated that the rGO/
CuAlO2 nanocomposites have a higher ratio of oxygen
vacancies than CuAlO2 nanostructures, which could contribute
to higher catalytic actives for potential applications.

As presented in the UV−vis spectrum, the reduction of GO
by γ-ray irradiation was monitored using UV−vis analysis
(Figure 5f). GO exhibits two bands, a maximum π−π*
transition of aromatic C−C bond at 230 nm and a shoulder
n−π* absorption band at 295 nm for the transition of CO
bonds, whereas the peak of π−π* transition shifts to 265 nm
for rGO, representing that some groups on the GO surface
could have been removed, and the conjugated structure was
restored.40,41 Besides, the GO solution turned to deep black
after the γ-ray irradiation, which indicates the reduction of GO
as shown in Figure 5f (inset). The sharp absorption peak at
316 nm of the rGO/CuAlO2 nanocomposites obtained during
irradiation indicates the crystalline nature and the modification
of electron−hole pair.

3.4. Surface Area Analysis. Nitrogen physisorption
measurements validated the surface area and porous nature

Figure 6. Nitrogen adsorption−desorption isotherms and the corresponding pore size distribution of (a) CuAlO2 and (b) rGO/CuAlO2
nanocomposites.

Figure 7. Cyclic voltammograms recorded in PBS (10 mM, pH 7.2) at 50 mV/s for the (a,c) modified electrode (brown); low concentration of DA
(blue), high concentration of AA (green), and UA (brown) for CuAlO2 nanostructures and rGO/CuAlO2 nanocomposites. (b,d) Various
concentrations (1−10 μM) of DA for CuAlO2 nanostructures and rGO/CuAlO2 nanocomposites.
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of CuAlO2 nanostructures and rGO/CuAlO2 nanocomposites.
The absorption−desorption isotherm of both the samples
represents the type IV, H3 hysteresis loop with pressure in the
range 0.8 < P/P0 < 1.0, which typically represents mesopores
with different pore sizes as presented in Figure 6a,b. The
specific surface area of the CuAlO2 microspheres is 65 m2 g−1

with a pore volume of 0.12 cm3 g−1, while for the rGO/
CuAlO2 nanocomposites, the specific surface area increases to
148 m2 g−1 with a pore volume of 0.26 cm3 g−1, which is from
the rGO that has the adsorbing ability to the analyte during
biosensing, which is beneficial to accomplish an enhanced
biosensing performance, such as high selectivity, sensitivity,
and low detection limit and has been discussed in a later
section.
Furthermore, the pore volume curves represent the pore size

distribution of CuAlO2 microspheres and rGO/CuAlO2
nanocomposites, which were evaluated using the Barrett−
Joyner−Halenda model shown in the inset of Figure 6a,b.
Microsphere CuAlO2 nanostructures have a homogenous pore
size of ∼2−5 nm. Subsequently, the pore size distribution
curve of rGO/CuAlO2 nanocomposites has two distinct peaks.
The first peak located at ∼2 nm can be attributed to the small
nanoparticles assembled to form microspheres. The presence
of small nanoparticles in the rGO/CuAlO2 composites with
different sizes has been discussed in the Surface Morphology
and Particle Size Analysis section. Moreover, the peak with
pore diameter ∼10 nm represents the composite of CuAlO2
and rGO sheet. The pores in the composites occur due to the
interspace between rGO and CuAlO2 nanostructures and also
by the encapsulation of rGO and CuAlO2. The large surface
area and good pore volume of rGO/CuAlO2 nanocomposites
pave way for more exposed active sites and favor the mass
transport of reactants and products for sensing performance.

Therefore, the high crystallinity, shape, size, and large surface
area help in obtaining an open porous structure, which
facilitates the biosensing applications.

3.5. Electrocatalytic Effect of CuAlO2 Nanostructure
and rGO/CuAlO2 Nanocomposites. From the scientific and
technological understanding, it is essential to cultivate
biosensors with good selectivity, sensitivity, and low detection
of neurotransmitter compounds. Lately, advancements in the
research and development of carbon-based nanostructures
have progressively stressed the biosensor applications. Herein,
CuAlO2 nanostructure and rGO/CuAlO2 nanocomposite-
functionalized GCE for biosensing detection such as DA,
AA, and UA have been reported. The electrochemical behavior
of different modified electrodes such as CuAlO2 nanostructure
and rGO/CuAlO2 nanocomposites in the presence of 10 mM
phosphate-buffered saline (PBS, pH 7.2) was investigated by
cyclic voltammetric (CV) curves at a scan rate of 50 mV/s in
the fixed operating potential of −0.2 to 0.6 V. Figure 7a,b
represents the CV response curves of (i) DA, AA, and UA,
which show no reaction peaks for the modified GCE.
Subsequently, CuAlO2 nanostructure- and rGO/CuAlO2
nanocomposite-modified electrodes revealed the quasi-rever-
sible performance to 1 μM DA in pH 7.2 (Figure 7a,b, curve
ii). DA oxidation and reduction peak potential separation
(ΔE) was about 190 and 320 mV, while peak-to-peak
separation values of AA (140 and 160 mV for 50, 100 μM)
and UA (210 and 250 mV for 100 μM) were observed at the
modified electrode of CuAlO2 nanostructures and rGO/
CuAlO2 nanocomposites. At the surface of the functionalized
electrode, the electron-transfer kinetics is not active, which can
be attributed to nonconductive components and electrode
entangling occurred by the deposition of AA and UA and their
oxidation products on the surface of the electrode.42,43 The

Figure 8. LSVs obtained for DA concentration range from 0 to 100 μM for (a) CuAlO2 and (b) rGO/CuAlO2 nanocomposites. (c,d)
Amperometric i−t curve for the determination of DA concentration by the CuAlO2 nanostructure- and rGO/CuAlO2 nanocomposite-modified
electrodes (insetcurrent vs concentration for DA).
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oxidations for DA, AA, and UA are positioned at 183, 198, and
229 mV for the modified rGO/CuAlO2 nanocomposite
electrode. The peak makings of DA−AA, UA−AA, and UA−
DA with oxidation peak partings of 15, 31, and 46 mV,
respectively, were observed. These partings are not adequate
for the synchronized detection of these analytical compounds.
It is determined that the detection of DA is as low as 50 and
100 times for AA and UA in the case of both modified
electrodes. The rGO/CuAlO2 nanocomposite electrode has
excellent selectivity toward DA, which can be explained as
follows.
Graphene plays the role of effective electron promotor for

the electrocatalytic oxidation of DA. The interaction energy
that occurs between graphene sheets and CuAlO2 nanostruc-
tures increases the conductive area and electron-transfer rate
between the electrode surface and applied biocompounds. DA
quinone (DAQ), the oxidized product, and the reoxidation
process have been studied, and the probable mechanism of the
electrochemical performance of DA has been presented in
Figure 7 (inset). DA is oxidized to DAQ after the exchange of
two protons and two electrons, while a potential is supplied to
the electrode.44 From the results obtained, we can understand
that the electrode functionalized with the rGO/CuAlO2
nanocomposite was 1.3-fold higher than pure CuAlO2
modified electrodes. These results confirm the good electro-
oxidation capability of the nanocomposite-modified electrode
toward DA, which results from the synchronized activity of
CuAlO2 and rGO. The good conductivity of GO and the
tremendous deoxidation capability of CuAlO2 resulted in
excellent oxidation with lower potential detection of DA.
Hence, the sensitive rGO/CuAlO2 nanocomposite biosensor
can be involved in the detection of DA.
Further, the electrocatalytic properties of the CuAlO2

nanostructure- and rGO/CuAlO2 nanocomposite-modified
electrodes at different concentrations for DA detection were
obtained after additional examinations, as presented in Figure
7c,d. The electrocatalytic ability of the CuAlO2 nanostructures
and rGO/CuAlO2 nanocomposites toward the reduction of
DA concentrations (1−10 μM) in 10 mM PBS (pH = 7.2) at a
scan rate of ∼50 mV/s was observed. The peak currents of DA
are directly proportional to the DA concentration, and hence
an increase in the DA concentration leads to an increase in the
peak current. Linearity between the reaction of the electrode
and the anodic peak current of the electrode with DA resulted
due to a controlled diffusion process. These results infer that
the CuAlO2 nanostructure- and rGO/CuAlO2 nanocomposite-
functionalized electrodes have excellent electrochemical
activity toward DA oxidation.
Figure 8a,b represents the linear sweep voltammogram

(LSV) response of CuAlO2 nanostructure- and rGO/CuAlO2
nanocomposite-modified electrodes for various DA concen-
trations. Both the electrodes responded as the oxidation
current of DA constantly increased with the increase in 5 μM
concentration of DA within the range 0−100 μM. From the
LSV results of rGO/CuAlO2 nanocomposites, we infer that the
oxidation current has a linear relationship with DA
concentration, with a correlation coefficient of 0.9972, found
to be better than that of CuAlO2 (0.9921). Also, it clearly
indicated that the rGO/CuAlO2 nanocomposites have fast and
highly sensitive response with variation in the concentration of
DA when compared to CuAlO2 which shows a gradual
increase. The current response time of the rGO/CuAlO2
nanocomposite-modified electrode was <5 s after the

introduction of DA, indicating the oxidation of DA. Hence,
the rGO/CuAlO2 nanocomposites show excellent properties
than CuAlO2.
Further, the amperometric technique was involved to

analyze the high sensitivity and low detection limits. The DA
peak current was increased with DA concentration in the range
of 9.2 × 10−8 to 1.6 × 10−7 M, as observed in the linear plot
with a correlation coefficient of 0.9924 and 0.9976 by the
CuAlO2 nanostructure- and rGO/CuAlO2 nanocomposite-
modified electrodes (inset of Figure 8c,d), and the sensitivity
was determined using the amperometric technique.45,46 The
response of current for the addition of each 100 nM is
presented in Figure 8c,d. The response of steady-state current
was obtained within 5 s at the sample interval of 180 s and an
applied potential of 0.2 V. From these present reports, the low
detection limit of 43 and 15 nM at an S/N = 3 for DA
concentrations was obtained for the CuAlO2 nanostructure-
and rGO/CuAlO2 nanocomposite-functionalized electrodes,
which indicates high selectivity and good sensitivity toward
DA. Comparison of rGO/CuAlO2 nanocomposite-function-
alized electrode with other electrodes is shown in Table 1.

The reproducibility of the CuAlO2 nanostructure- and rGO/
CuAlO2 nanocomposite-functionalized electrodes was esti-
mated for 0−50 mM in the linear range of 9.2 × 10−8 to 1.6 ×
10−7 M using CV measurements. Good reproducibility of the
CuAlO2 and rGO/CuAlO2 biosensors at 1 μM response was
noticed, and for 10 successive measurements, they were found
to be 2.9 and 2.1%. The cathodic peak current decreased less
than 3.1 and 2.4% for an interval of 4 h for CuAlO2
nanostructure and rGO/CuAlO2, indicating good stability of
the biosensor. The functionalized electrode retained ∼97.8%
response even after a week, realising the long-term stability,
which comes from the strong interaction between rGO sheets
and CuAlO2. Therefore, we believe the rGO/CuAlO2
nanocomposite sample has the capability of a biosensor in
the clinical determination of DA because of its high selectivity
and good sensitivity.

4. CONCLUSIONS
In summary, we have achieved the fabrication of rGO/CuAlO2
nanocomposites as an electrode active material toward DA
detection by synchronizing CuAlO2 nanostructures and rGO
sheets via a simple approach. The as prepared rGO/CuAlO2
nanocomposite electrode revealed good catalytic activity
toward oxidation of DA and low peak potential for low
concentration of DA detection, compared to previously

Table 1. Comparison of the Analytical Performances of
Various Modified Electrodes

electrode pH
linear

concentration
detection
limit (nM) refs

nitrogen-doped
carbon nanofiber

7.0 1.0−200 μM 500 47

Au/graphene
nanocomposite

7.0 0.5−411 μM 56 48

TiO2−G/GCE 7.0 5−200 μM 200 49
G−Au film/GCE 6.0 5−1000 μM 186 50
BDD 7.0 5−100 μM 110 51
tiron/GCE 3.0 0.2−45.8 μM 70 52
PAYR/CPE 7.0 0.49−70.1 μM 160 53
rGO/CuAlO2 7.2 9.2 × 10−8 to

1.6 × 10−7 M
15 this

work
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reported electrodes. There are potential advantages of rGO/
CuAlO2 nanocomposites because they were prepared by a
facile wet-chemical route which helps to increase the porous
nature. Second, the modified electrode revealed higher
analytical performance, successfully avoiding the interference
of UA and AA, and exhibited enhanced selectivity, improved
sensitivity, excellent linear response, low limit of detection,
good stability, reproducibility, and repeatability. Third, we
believe that the developed biosensor can work actively in real-
time monitoring samples with good recoveries. Therefore, the
rGO/CuAlO2 nanocomposite-modified electrode has great
ability to function as a next-generation clinical diagnostic for
neurodegenerative disorders.
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