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Abstract
The NiO/rGO composites are synthesized via a hydrothermal method followed by annealing treatment with varying gra-
phene oxide concentrations. The structural and morphological characterizations of synthesized samples are done by XRD, 
FT-IR, Raman, and FE-SEM. The electrochemical supercapacitor performance of prepared electrodes is characterized by 
CV, GCD, and EIS studies. The NiO/rGO composite achieved the highest specific capacitance of 727.1 F g−1 at 1 mA cm−2 
current density and showed good cyclic stability of about 80.4% over 9000 cycles. In a nonenzymatic glucose sensing study, 
the sensing properties are analyzed by CV and chronoamperometry. The NiO/rGO composite showed the highest glucose 
sensitivity of 442.4 μA mM−1 cm−2 with correlation coefficient R2 = 0.9964 and LOD of 7.42 μM.
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1  Introduction

The environmental issues and energy crises caused by high 
energy demand have attracted researchers’ attention to the 
development and utilization of eco-friendly and renewable 
energy sources [1–3]. Supercapacitors are promising and 
noteworthy energy storage devices because of their rapid 
charging and discharging rates, high energy and power den-
sities, long cyclic lifetime, wide operating temperature, and 
operational safety [4–6]. Supercapacitors are of two types: 
electric double-layer capacitors (EDLCs) with nonfaradic 
charge storage and pseudocapacitors with the faradic mecha-
nism. Carbon-based nanomaterials and their derivatives hav-
ing high surface area as well as electrical conductivity, such 
as carbon nanotubes (CNT), activated carbon, graphene, 

etc., show EDLC-type behavior. Even though EDLCs show 
high electrical conductivity, they suffer from low specific 
capacitance [7–10]. The transition metal hydroxides, metal 
oxides such as Ni(OH)2, Co(OH)2, V2O5, RuO2, NiO, MnO2, 
Co3O4, etc., and conducting polymers are used for pseudo-
capacitors. The promising properties of NiO, such as envi-
ronmental friendliness, low cost, high thermal and chemical 
stability, high thermotical capacities, etc., make NiO a prom-
ising electrode material for supercapacitor application [11].

Nevertheless, despite these promising properties, NiO 
electrodes still exhibited challenges such as poor electrical 
conductivity, which leads to poor rate capabilities and low 
specific capacitance (sp. capacitance) as capered to the theo-
retical value, etc. [12]. To transcend the limitation of poor 
electrical conductivity of NiO, one of the effective strategies 
is the introduction of carbon-based materials such as CNT, 
graphene, acetylene black, etc., in NiO, which helps improve 
its electrical conductivity [13, 14]. Xu et al. [11] synthesized 
NiO/rGO using a simple hydrothermal route. The prepared 
NiO/rGO electrode achieved a sp. capacitance of 171.3 F g−1 
at 0.5 A g−1. Also, it shows 79% cyclic stability over 2000 
cycles. Huang et al. [15] fabricated NiO-graphene hybrid 
film through a series of controlled fabrication processes. 
The synthesized NiO-graphene film shows 540 F g−1 sp. 
capacitance at 2 A g−1. Also, it exhibited about 80% capac-
ity retention over 2000 cycles. Bu et al. [16] developed NiO/
rGO composite electrodes via a one-pot chemical reduction 
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method, which achieved a capacitance of 461 F  g−1 at 
0.21 A g−1. Kumar et al. [17] synthesized NiO@rGO nano-
composite via microwave irradiation method exhibited 
395 F g−1 sp. capacitance at 1 A g−1. Yus et al. [18] synthe-
sized core–shell rGO-NiO nanostructures using an electro-
phoretic deposition method. The hybrid electrode shows a 
940 F g−1 capacitance at 2 A g−1.

Glucose act as a source of energy for the human body. 
However, excess consumption of glucose in the human body 
leads to diabetes. Diabetes in a few cases may cause other 
diseases like Kidney failure, blindness, and heart failure 
[19, 20]. Hence, glucose measurement is necessary for the 
diagnosis of diabetes and biotechnology, pharmaceutical 
industries, food industries, etc. [21, 22]. The electrochemical 
glucose sensor is a powerful method for detecting glucose 
as it is simple, cost-effective, and susceptible. NiO nano-
structures play an important role in enzymeless glucose-
sensing because of their Ni(OH)2/NiOOH redox reactions 
in a NaOH solution [23]. Also, it is known that carbon-based 
materials have a positive impact on the enhancement of 
detection performance of electrochemical sensors [24–30]. 
Zhang et  al. [31] synthesized Nanoparticles-assembled 
NiO nanosheets with GO film as a template by a two-step 
calcination method. The synthesized glucose sensor exhib-
ited 1138 μA mM−1 cm−2 sensitivity. Lu et al. [32] synthe-
sized a nonenzymatic glucose sensor based on NiO/RGO 
and developed it by the ultrasonic co-assembly method. 
The prepared electrode shows the maximum sensitivity of 
3796 μA mM−1 cm−2. Huang et al. [14] synthesized three-
dimensional NiO hollow spheres/rGO composite exhibited 
the highest 2.04 mA mM−1 cm−2 glucose sensitivity.

In the present work, NiO/rGO composite by varying 
GO concentration are prepared via a simple hydrothermal 
method. The NiO/rGO composite with 120 mg GO shows 
727.1 F g−1 sp. capacitance at 1 mA cm−2. Also, it exhib-
ited good cyclic stability of about 80.4% after 9000 cycles 
at 7 mA cm−2 current density. The NiO/rGO composite 
with 120 mg GO revealed a maximum glucose sensitivity 
of 442.4 μA mM−1 cm−2 compared to other electrodes with 
R2 = 0.9964 and a limit of detection (LOD) of 7.42 μM.

2 � Materials and methods

2.1 � Chemicals

All the chemicals used in this study were analytical grade 
and used without further purification. Nickel chloride hex-
ahydrate [NiCl2⋅6H2O] (99%), Urea [CO(NH2)2] (99%), 
Sulphuric Acid [H2SO4] (98%), Potassium permanga-
nate [KMnO4] (99%), Hydrogen Peroxide [H2O2] (30%), 
Potassium hydroxide [KOH] (85%), Sodium hydroxide 
[NaOH] (98%) and Hydrochloric acid [HCl] (35.4%), were 

obtained from Thomas Baker India Pvt. Ltd. (Mumbai, 
India). Polyvinylidene Fluoride [PVDF] (Battery grade), 
1-Methyl-2-pyrrolidinone [NMP] (99%), and graphite 
powder (< 20 μm) were obtained from Sigma Aldrich 
India.

2.2 � Synthesis of NiO/rGO composites

The GO was prepared by using the modified Hummers 
method using the previously reported process [33]. The 
NiO/rGO nanostructures by varying GO concentrations 
were prepared by hydrothermal route. In the fabrication of 
NiO/rGO, 7.131 g of NiCl2⋅6H2O and 3.6036 g CO(NH2)2 
were added to 60 mL of double-distilled water (DDW). 
Different amounts of GO powder (0, 60, 120, and 180 mg) 
were added in 30 mL DDW in a separate beaker and ultra-
sonicated for 1 h. Then, these solutions were mixed and 
kept on constant stirring for 1 h. The obtained homogene-
ous solution was transferred into a Teflon liner, sealed in 
the autoclave, and maintained at 150 °C for 6 h. Afterward, 
the product was cleaned with DDW and ethanol many 
times and dried at 60 °C for 12 h. Lastly, the resulted 
powders were annealed at 400 °C for 2 h. Based on GO 
concentration, the resulting powders were named NG-0, 
NG-60, NG-120, and NG-180, respectively. The formation 
of different NiO/rGO composites (NG-0, NG-60, NG-120, 
and NG-180) is shown in Scheme 1. The working elec-
trodes were prepared on the copper foil (CF) as a cur-
rent collector as explained in previous literature [19]. The 
electrodes prepared on CF as current collector by using 
NG-0, NG-60, NG-120, and NG-180 powders were named 
as N1G-0, N2G-60, N3G-120, and N4G-180 electrodes 
respectively.

2.3 � Characterization of materials

The structural characterizations of the prepared sample were 
characterized using an X-ray diffractometer (XRD, Rigaku 
Ultima, Japan) with Cu Kα (λ = 0.154 nm) radiation. Fou-
rier transform-infrared spectrometry (FT-IR, Lambda-7600, 
Australia) to detect functional groups in the prepared mate-
rial. The micro-Raman (LabRam Aramis, Horiba Jobin 
Yvon, France) spectrometer was used to record Raman 
spectra of samples. A Thermoscientific ESCALAB 250 
(Thermo Fisher Scientific, UK) instrument was used for 
X-ray photoelectron spectroscopy (XPS) measurement. Field 
emission scanning electron microscopy (FE-SEM, Mira-3, 
Tescan Pvt. Brno-Czech Republic) was used to investigate 
the morphology of material and Energy dispersive spectrom-
eter (EDS, Oxford Instrumentations inbuilt with FE-SEM) 
for elemental analysis.
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2.4 � Electrochemical measurements

All the electrochemical measurements of working electrodes 
in the supercapacitor and glucose sensing study were done 
in a three-electrode system at ambient conditions. In the 
three-electrode system prepared electrodes were used as 
working electrodes, saturated calomel electrode as reference 
electrode, and platinum wire as counter electrode respec-
tively. The cyclic voltammetry (CV), GCD, electrochemi-
cal impedance spectroscopy (EIS), and chronoamperometry 
(CA) study of the sample was done by an electrochemical 
workstation (Biologic SP-300, Spain).

3 � Results and discussion

3.1 � FTIR study

The FTIR study of NiO/rGO powders synthesized by 
varying GO concentrations (NG-0, NG-60, NG-120, and 
NG-180) is presented in Fig. 1A. The peaks observed at 
3450 cm−1 were attributed to hydroxyl groups of absorbed 
water [34]. The peak observed at about 1625 cm−1 corre-
sponded to the C = C bonds. The peaks observed at about, 
1398, 1227, and 1063 cm−1 are attributed to, C–C, C-O, 
and C–O–C bonds [35–37]. The absorption peaks between 
400 and 500 and 660 cm−1 are assigned to the stretching 
vibrations of Ni–O [19, 38, 39]. The fading of a peak at 
1723 cm−1 ascribed to the C = O in NG-60, NG-120, and 
NG-180 powders is due to the reduction of GO to rGO [37].

3.2 � XRD study

The XRD spectrum of each sample was recorded to 
investigate the crystal structure of synthesized NiO/rGO 

powders. Figure 1B presents the XRD spectra of NiO/rGO 
powders. The XRD diffraction peaks of NG-0, NG-60, 
NG-120, and NG-180 powders correspond with JCPDS 
card: 00-047-1049. The diffraction peaks of NG-0, NG-60, 
NG-120, and NG-180 powders at 37.06°, 43.26°, 62.78°, 
and 75.50° are attributed to the (111), (200), (220), and 
(311) crystal planes of NiO respectively. The Debye Scher-
rer formula was used to calculate crystallite size [40]. 
The estimated crystallite size for NG-0, NG-60, NG-120, 
and NG-180 powders corresponding to the (200) plane 
is 11.86, 25.45, 25.43, and 35.61 nm. The characteristic 
peak of rGO at about 25° in powder NG-60, NG-120, and 
NG-180 is not present, which may probably be because of 
signal converging by NiO. So, the rGO in the composite 
is confirmed by Raman spectra.

3.3 � Raman spectra

Figure 1C illustrates the Raman spectra of different NiO/
rGO composites (NG-0, NG-60, NG-120, and NG-180). 
The absorption peak in Fig. 1C at around 511  cm−1 for 
NG-0, NG-60, NG-120, and NG-180 samples correspond 
to the first-order longitudinal optical (LO) mode, while the 
peak at 1063 cm−1 indicates 2LO phonon mode of Ni–O 
bond [14]. The peaks at about 1355 and 1597 cm−1 in the 
NG-60, NG-120, and NG-180 indicate the D band (because 
of defected carbon layer) and G band (due to the second-
order scattering of the graphitic carbon) respectively [41]. 
The D band of GO, NG-60, NG-120, and NG-180 are at 
about 1350, 1317, 1355, 1352 cm−1, while the G band is at 
about 1609, 1568, 1597, and 1591 cm−1 respectively. The 
shift of the G and D band positions of NG-60, NG-120, and 
NG-180 as compared to GO indicates the reduction of GO in 
NiO/rGO composites during the hydrothermal process [42].

0 mg GO

60 mg GO

120 mg GO

180 mg GO

7.131 g Nickel chloride
+  3.6036 g Urea
+ 60 mL DDW

Different amounts of 
GO in 30 mL DDW

Hydrothermal reaction 
1500C for 6 hours
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at 4000C
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Scheme 1   Schematic presentation of synthesis of different NiO/rGO powders by hydrothermal method
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3.4 � XPS spectra

Figure 2A shows the survey spectrum of NG-120 powder 
and designates the presence of Nickel, oxygen, and carbon 
elements. The observed peaks of Ni 2p, O 1 s, and C 1 s 
reveal the existence of NiO and rGO in the NG-120 pow-
der. In Ni 2p spectrum (Fig. 2B), the main peaks observed 
at 854.7 as well as 872.1 eV can be ascribed to the 2p3/2 
and 2p1/2 spin-orbits of NiO while their corresponding 
satellites are present at 860.3 eV and 878.1 eV, respec-
tively [14]. As shown in Fig. 2C the peaks at 284.1, 285.6, 
and 287.7 eV are related to the C = C, C–OH (epoxy/
hydroxy), and O–C = O (carboxyl) respectively [43]. The 
peaks located at 530.9 and 528.5 eV in the O 1 s spec-
trum Fig. 2D are related to C = O/Ni–O and O-Ni/C-O-Ni 
bonding configurations, respectively [42, 44].

3.5 � FE‑SEM study

Figure 3A–D presents the FE-SEM images of different NiO/
rGO composites (NG-0, NG-60, NG-120, and NG-180). 
The bare NiO, i.e., NG-0 powder, shows the urchinlike 
structure [19]. After the addition of GO in NiO, the urchin-
like structure is observed to disappear in NG-60, NG-120, 
and NG-180 samples. This may be because the urchinlike 
NiO nanostructures get covered with rGO sheets. The rGO 
sheets are uniformly dispersed on the surface of NiO nano-
structures. This disappearance of spikes of urchinlike NiO 
because of rGO wrapping also shows that the rGO is tightly 
compounded with NiO. Such rGO sheets act as conducting 
networks and help improve electrochemical supercapaci-
tor and nonenzymatic glucose sensing performance. In the 
case of supercapacitor application, rGO also serves as good 

Fig. 1   Structural characterizations A FT-IR, B XRD, and C Raman study of different NiO/rGO powders (NG-0, NG-60, NG-120, and NG-180)
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EDLC material and helps to enhance electrochemical perfor-
mance. Figure 3E presents the EDS spectra of the NG-120 
sample. The presence of nickel, oxygen, and carbon in the 
EDS spectrum confirms the presence of NiO and rGO.

3.6 � EIS study

Three electrode system was employed to study superca-
pacitor performance. The Nyquist plots of N1G-0, N2G-60, 
N3G-120, and N4G-180 electrodes are depicted in Fig. 4A. 
The Nyquist plots were taken in the 0.1 Hz–100 kHz fre-
quency range. The inset of Fig. 4A presents the equivalent 
circuit diagram. The solution resistance (Rs) values for N1G-
0, N2G-60, N3G-120 and N4G-180 electrodes are 1.79, 
1.42, 1.25, and 1.73 Ω cm−2 respectively. The lower value 
of Rs suggests the better electrode material's attachment 
to the CF. In case of N4G-180 electrode with higher rGO 
content than N3G-120 electrode, the increase in Rs value is 
observed. This may be because of inconvenient agglomera-
tion of Co3O4 with rGO sheets, leads to a reduction in active 

surface area and active sites for redox reactions in N4G-180 
electrode [45]. The Bode plots of N1G-0, N2G-60, N3G-
120, and N4G-180 samples are presented in Fig. 4B.

3.7 � Supercapacitor study

The supercapacitor performance of all electrodes was done 
in a 1.0 M KOH electrolyte. The CVs of all NiO/rGO 
electrodes at 5 mV s−1 are shown in Fig. 5A. The CVs 
of NiO/rGO electrodes are more significant as compared 
to bare NiO electrodes. This is because rGO in NiO/rGO 
composite offers more active sites responsible for redox 
reactions than bare NiO and improves its conductivity. The 
redox reactions of OH− with remaining functional groups 
of rGO contribute to redox reactions in NiO/rGO compos-
ites. The comparative GCD curves of N1G-0, N2G-60, 
N3G-120, and N4G-180 electrodes at a 1 mA cm−2 cur-
rent density are shown in Fig. 5B. From GCD curves, it 
is observed that the NiO/rGO composites, i.e., N2G-60, 
N3G-120, and N4G-180 electrodes, show better discharge 

Fig. 2   XPS analysis A survey spectrum of NG-120 sample, B Ni 2p, C C 1 s, and D O 1 s
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time as compared to bare NiO, i.e., N1G-0 electrode. This 
is because the rGO enhances the conductivity and provides 
more active sites for the redox reaction responsible for 
charge and discharge. Figure 5C presents the sp. capaci-
tance of all electrodes at (1 to 5 mA cm−2) current densi-
ties. The maximum sp. capacitance calculated from GCD 
for N1G-0, N2G-60, N3G-120, and N4G-180 electrodes is 
246.6, 384.7, 727.1, and 349.4 F g−1, respectively. Figure 5 
(D) presents the Regone plot of all NiO/rGO electrodes. 
The N3G-120 electrode shows the maximum 16.16 Wh 
kg−1 energy density at an 86.96 W kg−1 power density. Sta-
bility is one of the essential parameters in supercapacitor 

study. Figure 5E presents the cyclic stability of the opti-
mized N3G-120 electrode at 7 mA cm−2 current density. 
The N3G-120 electrode exhibited good cyclic stability of 
about 80.4% after 9000 cycles. Figure 5F shows the first 
five (blue) and last five (red) GCD cycles of 9000 cycles. 
The better supercapacitor performance of N3G-120 elec-
trodes is credited to both NiO and rGO where the high 
conductivity of rGO helps to enhance the electrical con-
ductivity of the NiO/rGO composite. Such high conductiv-
ity is also responsible for better cyclic performance. The 
comparative supercapacitor study is mentioned in Table 1.

Fig. 3   FE-SEM micrographs of A NG-0, B NG-60, C NG-120, and D NG-180 powders E EDS pattern of NG-120
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3.8 � Nonenzymatic glucose biosensing study

The electrolyte used in the glucose-sensing experiment was 
0.1 M NaOH. Figure 6A–D depicts the CVs of electrodes 
N1G-0, N2G-60, N3G-120, and N4G-180 without glucose 
(blue) and with 3 mM glucose (red). After the addition of 
3 mM glucose, all electrodes show an increase in the current 
response. Figure 6E–H shows the CVs of N1G-0, N2G-60, 

N3G-120, and N4G-180 electrodes after the addition of 
different concentrations of glucose. After the addition of 
glucose, all electrodes show a linear increase in CVs. The 
mechanism of NiO glucose oxidation is as follows: [14]

NiO + OH−
→ NiOOH + e−

Fig. 4   Electrochemical impedance spectroscopy study A Nyquist plot, B Bode plot of N1G-0, N2G-60, N3G-120, and N4G-180 electrodes

Fig. 5   Supercapacitor performance of NiO/rGO. A The CV curves of 
N1G-0, N2G-60, N3G-120, and N4G-180 electrodes at 5 mV s−1. B 
The comparison of GCD cycles of N1G-0, N2G-60, N3G-120, and 
N4G-180 electrodes at 1 mA cm−2. C sp. capacitance calculated from 
GCD cycles of N1G-0, N2G-60, N3G-120, and N4G-180 electrodes 

vs. current density. D Regone plot of N1G-0, N2G-60, N3G-120, and 
N4G-180 electrodes. E Cyclic stability of N3G-120 electrode over 
9000 charging-discharging cycles. F First and last five GCD cycles of 
cyclic stability
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The increased current response in CV after the addition 
of glucose is because of the electrooxidation of glucose 
with NiO, accompanied by oxidation from Ni2+ to Ni3+ 
[14]. Figure 6I–L depicts the CVs of N1G-0, N2G-60, 

NiOOH + glucose → NiO + glucolactone N3G-120, and N4G-180 electrodes at (10–90 mV s−1) scan 
rates respectively in the presence of 5 mM glucose.

The chronoamperometry (CA) technique is used in non-
enzymatic glucose sensing to analyze glucose due to its 
high sensitivity [14, 46–48]. Figure 7A–D shows the CA 
responses of N1G-0, N2G-60, N3G-120, and N4G-180 
electrodes at + 0.5 V potential at different concentrations 

Table 1   Comparison of supercapacitor performance of our prepared electrode with other published NiO/rGO-based materials

Sr. no Electrode material Current collector Electrolyte Sp. capacitance (F g−1) Cyclic stability References

1 NiO–rGO GCE 6 M KOH 171.3 (0.5 A g−1) 79.07% after 2000 cycles [11]
2 NiO-graphene Ni Foil 2 M KOH 540 (2 A g−1) 80% after 2000 cycles [15]
3 NiO/rGO Ni Foam 6 M KOH 461 (0.21 A g−1) 74.5% after 5000 cycles [16]
4 NiO@rGO Ni Foam 6 M KOH 395 (1 A g−1) – [17]
5 rGO/NiO Ni Foam 1 M KOH 940 (2 A g−1) – [18]
6 NiO/rGO Ni Foam 6 M KOH 428 (0.48 F g−1) 90% after 5000 cycles [49]
7 NiO-rGOH – 2 M KOH 351 (0.625 A g−1) 91% after 1000 cycles [50]
8 NiO/rGO Ni Foam 6 M KOH 950 (1 A g−1) 91.3% after 1000 cycles [51]
9 NiO-Graphene Graphite 1 M KOH 500 (5 V s−1) 84% after 3000 cycles [52]
10 NiO/rGO CF 1 M KOH 727.1 (1 mA cm−2) 80.4% after 9000 cycles This Work

Fig. 6   A–D CVs without glucose (blue) and with 3 mM glucose (red) 
of N1G-0, N2G-60, N3G-120, and N4G-180 electrodes, respectively 
at 10 mV s−1 scan rate. E–H CVs of N1G-0, N2G-60, N3G-120, and 

N4G-180 electrodes respectively at different concentrations of glu-
cose (0 to 5 mM). I–L CVs of N1G-0, N2G-60, N3G-120, and N4G-
180 electrodes at different scan rates (Color figure online)
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of glucose (0 to 2.4  mM). From the observation of 
Fig. 7(A–D), it is clear that the current in the CA curve 
increases with increasing glucose concentration. The cal-
ibration curves of glucose concentration versus current 
observed for N1G-0, N2G-60, N3G-120, and N4G-180 
electrodes are shown in Fig. 7E–H, respectively. All elec-
trode shows linearity in the range of glucose concentration 
0.4 to 2.4 mM. The electrode N3G-120 exhibited the high-
est 442.4 μA mM−1 cm−2 glucose sensitivity compared to 
other electrodes with R2 = 0.9964 and LOD of 7.42 μM.

The conductivity of rGO further improves the conduct-
ing network in NiO/rGO composites and is responsible for 
better electron transfer kinetics. Hence NiO/rGO compos-
ite could provide more active sites for absorbing glucose 
and responsible for good sensitivity. Figure 8A–D shows 
the CA study of N1G-0, N2G-60, N3G-120, and N4G-180 
electrodes obtained in the presence of glucose and relevant 
interfering species. The current responses of N1G-0, N2G-
60, N3G-120, and N4G-180 electrodes with 1.0 mM glu-
cose and common interferences such as 0.2 mM of Fruc-
tose, Ascorbic acid, NaCl, and KCl are shown in Fig. 8E–H 

Fig. 7   A-D Chronoamperometric responses at + 0.50  V operating 
potential of N1G-0, N2G-60, N3G-120, and N4G-180 electrodes at 
different concentrations of glucose (0 to 2.4  mM) in 0.1  M NaOH 

solution. E–H The corresponding calibration graphs of N1G-0, N2G-
60, N3G-120, and N4G-180 electrodes, respectively

Fig. 8   A–D Chronoamperometric responses of N1G-0, N2G-60, 
N3G-120, and N4G-180 electrodes obtained in 1.0 mM glucose and 
different relevant interfering species (Inset: enlarged graph of cur-

rent responses of respective electrodes in the presence of glucose and 
interfering species). E–H Bar diagram for the current responses with 
glucose and relevant interfering species
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respectively. The N3G-120 electrode, as compared to the 
other electrodes, shows the minimum change in response 
towards glucose even in the presence of interfering species.

4 � Conclusion

Herein, NiO/rGO composites are prepared by hydrothermal, 
followed by annealing treatment by varying GO concentra-
tions. The NiO/rGO composite shows a highest of 727.1 F 
g−1 sp. capacitance at 1 mA cm−2. Also, it exhibited good 
cyclic stability of about 80.4% after 9000 cycles. In the case 
of nonenzymatic glucose sensing, the optimized NiO/rGO 
composite exhibited the maximum 442.4 μA mM−1 cm−2 
glucose sensitivity compared to other electrodes with 
R2 = 0.9964 and LOD of 7.42 μM. The prepared electrode 
shows excellent electrochemical supercapacitor and nonen-
zymatic glucose biosensing properties.
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