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Concise Research Accomplishment :

have successfully synthesized graphene oxide by using Modified Hummers method. Hydrothermal method is most suitable
synthesis process for the preparation of nanomaterials, nanostructures, and nanocomposites of metal, alloys, ceramic, organic, and
polymers, etc., with various morphologies, compared to other methodologies. Hence, we adopted hydrothermal method for the
synthesis of Co3O4/rGO, NiO/rGO and MnO2/rGO nanocomposites. The hydrothermally synthesized Co3O4/rGO composite
shows highest specific capacitance of 454.2 F g-1 at 1 mA cm-2. The prepared supercapacitor electrode exhibited excellent cyclic
stability of 90.16% over 10000 cycles. In case of non-enzymatic glucoses sensing of Co3O4/rGO, the electrode achieved 5.8324
mA mM-1 cm-2 glucose sensitivity. In case of hydrothermally synthesized NiO/rGO, the different NiO/rGO composites was
obtained by varying GO concentration. The highest specific capacitance of 727.1 F g-1 at 1 mA cm-2 applied current density was
achieved by NiO/rGO composite. Also, it exhibited good cyclic stability of about 80.4% after 9000 cycles. The symmetric solid
state supercapacitor device prepared by using optimized NiO/rGO composite can showed excellent cyclic stability of 80.4% over
5000 cycles and can glow red LED. In the case of nonenzymatic glucose sensing, the optimized NiO/rGO composite exhibited
the maximum 442.4 A mM-1 cm-2 glucose sensitivity compared to other electrodes with R2 = 0.9964 and LOD of 7.42 M. The
MnO2/rGO composite showed maximum specific capacitance of 259.2 F g-1 at a current density of 0.5 mA cm-2. The optimized
electrode reported an extraordinary cyclic stability of 95.7% over 10000 cycles. The overall study reveals that all the prepared
composite electrodes show excellent electrochemical supercapacitor as well as nonenzymatic glucose biosensing properties. In
same project, effect of electron irradiation will be studied and results will be submitted after completing the experiment.
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 Experimental/ Theoretical Investigation carried out

1 Synthesis of graphene oxide Graphene oxide was synthesized by using Modified Hummers method. In actual experiment 5.0
g of graphite powder, 2.5 g of sodium nitrate, 115 mL sulfuric acid placed in an ice bath and stirred for 15 min. Then, 15 g of
potassium permanganate was slowly added to mixture and stirred for 2 h. The mixture solution was transferred to a water bath
(35°C) and stirred for 30 min. Afterward 230 mL of double distilled water (DDW) was added into the solution slowly and the
solution temperature monitored was about 98°C and stirred for 15 min. Then deionized water (700 mL) and H2O2 (50 mL,
30%) was added to the solution respectively. The obtained suspension was washed by diluted HCl (5%) and DDW several times
to achieve Ph about 7 and dried at 60°C. 2 Cobalt oxide 2.1 Synthesis of Co3O4 powders The Co3O4 powders were prepared
by the hydrothermal method and the effect of reaction time was investigated. In actual synthesis, 0.1 M Co (NO3)2 6H2O and
0.2 M urea was dissolved in 80 mL of DDW with continuous magnetic stirring. Then ammonia was added in solution dropwise
up to pH = 11. Then the solution was further stirred for another 30 minutes for the homogeneous distribution of components.
Subsequently, the solution was transferred into a 100 mL Teflon-lined autoclave. The autoclave was placed in a hot air oven at
16, 18, 20, and 22 hours at 180°C. The autoclave was cooled to room temperature after the reaction time was completed.
Eventually, the reaction products were removed from the autoclave washed several times with ethanol and DDW, dried
overnight in a hot air oven at 60°C. The prepared powders were also annealed for 2 hrs at 400°C. The obtained powders at
reaction times 16, 18, 20, and 22 h is denoted as P-16, P-18, P-20, and P-22, respectively. 2.2 Preparation of working electrode
Firstly, stainless steel (SS) substrates (5 cm × 1 cm) were mirror-polished using zero grade polish paper, washed with detergent
and DDW. After washing they were ultrasonically cleaned for 15 minutes and finally dried. The working electrode for the
supercapacitor study was prepared by mixing powders P-16. P -18, P -20, and P -22 as an active material and polyvinylidene
difluoride (PVDF) as a binder in mass ratio 80:20 in N-Methyl-2-Pyrrolidone (NMP) as a solvent. Then this prepared slurry was
pasted on SS substrate by the doctor blade method and dried out at 60°C overnight. The resulting electrodes were named T-16,
T-18, T-20, and T-22, respectively. Similarly, for non-enzymatic Glucose sensing a small piece (2 cm × 1 cm) of CC was
treated ultrasonically with acetone, ethanol, and DDW each for 15 min, respectively. Then this ultrasonicated CC dried out
overnight at 60°C in a hot air oven. The working electrode was prepared by mixing powders P-16. P-18, P-20, and P-22 as an
active material and PVDF as a binder in mass ratio 80:20 in NMP as a solvent. Then this prepared slurry was pasted on CC by
the doctor blade method and dried out at 60°C overnight. The resulting electrodes were named TC-16, TC-18, TC-20, and TC-
22, respectively. 3 Co3O4/rGO composite 3.1 Synthesis of Co3O4/rGO powders The Co3O4/rGO nanostructures by varying
GO concentration were synthesized by using the hydrothermal route. In synthesis, 1.74 g of Co (NO3)2 6H2O and 3.6036 g
urea was added in 30 mL DDW. Different amounts of GO powder (0, 30, and 60 mg) were added in 30 mL DDW in a separate
beaker and ultrasonicated for 1 h. Then, these solutions were mixed and kept on constant starring for 1h. The obtained
homogeneous solution was poured into a Teflon liner, sealed in autoclave and maintained at 120°C for 6 h. Afterwards, the
product was cleaned with DDW and ethanol many times and dried at 60°C for 12 h. Lastly, the resulted powders annealed at
400°C for 2 h. Based on GO concentration, the resulting powders were named CG-0.0, CG-0.5, and CG-1.0, respectively. 3.2
Synthesis of working electrode The slurry was prepared with powders (CG-0.0, CG-0.5, and CG-1.0) as an active material,
PVDF as a binder and Carbon black in (80:10:10) mass ratio. NMP was used as a solvent. Then slurry was coated on precleaned
nickel foam (NF) by the doctor blade method. Then the electrodes were dried at 80 °C for 12h in oven, and the resulting
electrodes were named CG-0.0, CG-0.5, and CG-1.0 respectively. These prepared electrodes were used to study supercapacitor
and glucose biosensing study. 4 Nickel Oxide 4.1 Synthesis of NiO powders NiO powders with different reaction temperatures
were synthesized by using the hydrothermal method followed by calcination treatment. In detail, 7.131 g of nickel chloride
hexahydrate was dissolved into 60 mL DDW with constant stirring. Then 30 mL urea (2 M) was added dropwise into a nickel
chloride solution. After 30 minutes of homogeneous stirring, the solution was subjected to ultrasonication for 5 minutes. Then,
the solution was transferred into a Teflon-lined stainless-steel autoclave, sealed, and maintained at 1100C for 6 hours. After
completion of the reaction, the resulting product was washed with DDW and ethanol several times. Then the product dried at
600C overnight. Finally, the product powder was annealed at 4000C for 2 hours. The same procedure was applied with different
reaction temperatures viz 1300C, 1500C, and 1700C. The resulting powders were named P- 110, P-130, P-150, and P-170
respectively. 4.2 Preparation of working electrode Firstly, (5 cm ×1 cm) of Copper foil (CF) was mirror polished with zero
grade paper, washed with a soap solution and DDW respectively, and finally air-dried. The working electrode was prepared by
mixing prepared powders P-110, P -130, P-150, and P -170 as an active material, activated carbon, and PVDF as a binder in
mass ratio 80:10:10 in NMP as a solvent. Then this prepared slurry coated on CF by the doctor blade method and dried at 80°C
in a hot air oven overnight. The resulting electrodes were named N-110, N-130, N-150 and N-170 respectively. 5 NiO/rGO
composite 5.1 Synthesis of NiO/rGO powders The NiO/rGO nanostructures by varying GO concentration were synthesized by
using the hydrothermal route. In synthesis, 7.131 g of NiCl26H2O and 3.6036 g CO(NH2)2 was added in 60 mL of DDW.
Different amounts of GO powder (0, 60, 120, and 180 mg) were added in 30 mL DDW in a separate beaker and ultrasonicated
for 1 h. Then, these solutions were mixed and kept on constant starring for 1h. The obtained homogeneous solution was poured
into a Teflon liner, sealed in autoclave and maintained at 150°C for 6 h. Afterwards, the product was cleaned with DDW and
ethanol many times and dried at 60°C for 12 h. Lastly, the resulted powders annealed at 400°C for 2 h. Based on GO
concentration, the resulting powders were named N1G-0, N2G-60, N3G-120, and N4G-180, respectively. 5.2 Synthesis of
working electrode The CF (5 cm 1 cm) was
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polished with zero grade paper, washed subsequently with soap solution and DDW several times and air dried. The actual
working electrode was prepared by coating slurry on CF. The slurry was prepared with powders (N1G-0, N2G-60, N3G-120,
and N4G-180) as an active material, PVDF as a binder and Carbon black in (80:10:10) mass ratio. NMP was used as a solvent.
Then slurry was coated on CF by the doctor blade method. Then the electrodes were dried at 80 °C for 12h in oven, and the
resulting electrodes were named N1G-0, N2G-60, N3G-120, and N4G-180, respectively. 5.3 Synthesis of solid-state
supercapacitor device 5.3.1 Electrode preparation procedure The working electrode was prepared by mixing N3G-120 as an
active material, Carbon black, and polyvinylidene fluoride (PVDF) as a binder in the mass ratio 80:10:10 in NMP as a solvent
to form a slurry. Then this prepared slurry coated on CF by doctor blade method. The prepared electrodes heated at 80°C for 12
hours. This prepared electrode was used for electrochemical and supercapacitor study. 5.3.2 Preparation of PVA-KOH gel First
In this preparation, at 353 K to get slightly viscous gel solution; in 60 ml DDW, 6 gm of PVA was dissolved. Further in another
beaker in 40 ml DDW the freshly 2 M KOH is prepared and to form transparent conducting PVA-KOH gel electrolyte this
solution was added dropwise into PVA gel. 5.3.3 Preparation of Symmetric Solid-State Device The large area CF is cut in area
of 5 × 6 cm2 in first step. In second step, the material was deposited by using standard Doctor blade method on area 5 × 5 cm2
and heated at 80°C for 12 hours. The mass ratio of cathode to anode was 1:1. In next step, the prepared PVA-KOH gel was
painted on prepared thin film, which was dried at room temperature for 12 h in air. To avoid any short through the sides of
electrodes the sides of electrode were sealed with insulating tape. Furthermore, the two devices were merged on one another to
form the SSSD by applying pressure of 1 ton. 6 Synthesis of MnO2 and MnO2/rGO composite 6.1 Synthesis of MnO2 and
MnO2/rGO powders In the synthesis of MnO2 the 0.5 g of KMnO4 and 0.2 g of MnSO4 was dissolved in 50 mL DDW and
stirred for 30 min. Then the resulting solution was poured in Teflon lined autoclave and maintained at 140 °C for 1 h. After
completion of the reaction, the resulting product was washed with DDW and ethanol several times. Then the product dried at
60°C overnight. Similarly different MnO2/rGO powders was obtained by adding different amounts of GO powder (0, 1, 2 and 3
mg) were added in 50 mL DDW ultrasonicated for 1 h. Based on GO concentration, the resulting powders were named M-0
(Bare MnO2), M-1, M-2, and M-3, respectively. 6.2 Synthesis of working electrode The slurry was prepared with powders (M-
0, M-1, M-2, and M-3) as an active material, PVDF as a binder and Carbon black in (80:10:10) mass ratio. NMP was used as a
solvent. Then slurry was coated on precleaned nickel foam (NF) by the doctor blade method. Then the electrodes were dried at
80 °C for 12h in oven, and the resulting electrodes were named M1G-0, M2G-1, M3G-2, and M4G-3 respectively.

Detailed Analysis of result

1 Structural Characterizations Fig. 1 (A) demonstrates XRD pattern of prepared GO powder. The sharp peak at 12° and a
secondary 43.65° peak reflects the orientation (001) and (100) for GO, respectively. Fig. 1 (B) displays FTIR of GO the peaks
observed at 1062, 1212, 1393, 1623, 1723, and 3416 cm-1. The peak at 1062 and 1212 cm-1 demonstrates the C-O (alkoxy) and
C-O (epoxy) stretching vibration, respectively. The 1393 cm-1 peak for the deformation of the O-H. At 1623 and 1723 cm-1,
the peak reflects C=C and C=O, respectively, stretching vibrations. The results of the FTIR ratify GO's synthesis. Often used for
confirming the synthesis of GO are the FT-Raman spectra (Fig. 1(C)). At 1349 and 1605 cm-1, respectively, the D and G bands
of graphene were found. The UV-visible spectrum (Fig.1 (D)) indicates that the graphene oxide represents a peak at 235 nm.
Fig. 1 (E) shows the FTIR spectra of Co3O4/rGO composite two sharp peaks at 561 (1) cm-1 and 662 (2) cm-1 from stretching
Co-O bond vibrations, confirming the formation of Co3O4. In detail, the 1 band is characteristic of OCo3 vibrations, i.e., Co3+
in octahedral coordinate, while the 2 band is attributed to Co2+Co3+O3, i.e., Co2+ in tetrahedral coordination in the spinel
structure. The characteristic peaks at 3432 cm-1 is indicated by O-H stretching vibration of the absorbed water molecule [1,2].
The peaks observed at about 1625 corresponded to the C=C. The FTIR study of NiO/rGO powders synthesized by varying GO
concentrations (N1G-0, N2G-60, N3G-120, and N4G-180) is presented in Fig. 1 (F). The peaks observed at 3450 cm-1
attributed to hydroxyl groups of absorbed water [3]. The peaks observed at about 1625 and 1723 cm-1 corresponded to the C=C
and C=O bonds. The peaks observed at about, 1398, 1227, and 1063 cm-1 are attributed to, C-C, C-O, and C-O-C bonds,
respectively [4–6]. The absorption peaks in between 400-500 and 660 cm-1 are assigned to the stretching vibrations of Ni-O
[7–9]. The fading of peak at 1723 cm-1 associated with C=O in N2G-60, N3G-120 and N4G-180 powders is due to the
reduction of GO to rGO [6]. The XRD spectrum of each sample were recorded to investigate the crystal structure of synthesized
NiO/rGO powders. Fig. 1 (G) presents the XRD spectra of NiO/rGO powders. The XRD diffraction peaks of N1G-0, N2G-60,
N3G-120, and N4G-180 powders are corresponded with JCPDS card: 00-047-1049. The diffraction peaks of N1G-0, N2G-60,
N3G-120, and N4G-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 characteristic peak of rGO at about 25° in powder N2G-60, N3G-120, and N4G-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. Fig. 1 (H) illustrates the Raman spectra of different NiO/rGO composites (N1G-0, N2G-60, N3G-120, and N4G-180).
The absorption peak in at around 511 cm-1 for N1G-0, N2G-60, N3G-120, and N4G-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 [10]. The peaks at
about 1355 and 1597 cm-1 in the N2G-60, N3G-120, and N4G-180 indicate the D band (because of defected carbon layer) and
G band (due to the second-order scattering of the graphitic carbon) respectively [11]. The D band of GO, N2G-60, N3G-120,
and N4G-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 position of N2G-60, N3G-120,



and N4G-180 as compared to GO indicates the reduction of GO in NiO/rGO composites during the hydrothermal process [12].
Fig. 1 (I) shows the survey spectrum of N3G-120 powder, indicates the existence of Nickel, oxygen, and carbon elements. The
observed peaks of Ni 2p, O 1s, and C 1s reveal the existence of NiO and rGO in the N3G-120 powder. In Ni 2p spectrum (Fig.
1 (J)), the main peaks observed at 854.7 as well as 872.1 eV can be assigned 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, respectively [10]. In C 1s spectrum as shown in Fig. 1 (K)
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
[13]. The peaks located at 530.9 and 528.5 eV in O 1s spectrum (Fig. 1 (L)) are related to C=O/Ni-O and O-Ni/C-O-Ni bonding
configurations, respectively [12,14]. 2 Supercapacitor Study 2.1 Co3O4/rGO composite The supercapacitor study of as prepared
Co3O4/rGO electrode is depicted in Fig. 2 (A-D) Fig. 2 (A) shows the comparative cyclic voltammetry (CV) study of CG-0.0,
CG-0.5 and CG-1.0 electrodes. Here the CG-0.5 electrode exhibited more area under the curve as compared to other electrodes.
This is because rGO in Co3O4/rGO composite offers more active sites responsible for redox reactions than bare Co3O4 and
improves its conductivity. The redox reactions of OH- with remaining functional groups of rGO contribute to redox reactions in
Co3O4/rGO composites. Fig. 2 (B) presents the comparative galvanostatic charge discharge (GCD) study. Here also the CG-0.5
electrode shows the better discharge time as compared to the other electrodes. This is because the rGO enhance the conductivity
and provides more active sites for the redox reaction responsible for enhanced charge and discharge. The specific capacitance
calculated from GCD of all Co3O4/rGO composites electrodes is shown in Fig. 2 (C). The maximum sp. capacitance calculated
from GCD for CG-0.0, CG-0.5 and CG-1.0 is 304.4, 454.2 and 357.8 F g-1, respectively. Stability is one of the essential
parameters in supercapacitor study. As CG-0.5 electrode shows better specific capacitance, The stability of CG-0.5 electrode
was taken. Fig. 2 (D) presents the cyclic stability curve of CG-0.5 electrode. The CG-0.5 electrode exhibited outstanding cyclic
stability of 90.16% over 10000 cycles. The inset of Fig. 2 (D) presents the different number of cycles of CV of cyclic stability.
2.2 NiO/rGO composite Fig. 2 (E-H) shows the supercapacitor study of NiO/rGO electrodes. The CVs of NiO/rGO electrodes
(Fig. 2 (E)) are more significant as compared to bare NiO electrodes. Fig. 2 (F) shows the comparative GCD curves of N1G-0,
N2G-60, N3G-120, and N4G-180 electrodes at a 1 mA cm-2 current density. From GCD curves, it is observed that the
NiO/rGO composites, i.e., N2G-60, N3G-120, and N4G-180 electrodes, show better discharge time as compared to bare NiO,
i.e., N1G-0 electrode. Fig. 2 (G) presents the specific capacitance of all electrodes at (1, 2, 3, 4, and 5 mA cm-2) current
densities. The maximum specific 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. Fig. 2 (H) presents the cyclic stability of the optimized N3G-120 electrode at
of 7 mA cm 2 current density. The N3G-120 electrode exhibited good cyclic stability about 80.4% after 9000 cycles. The better
supercapacitor performance of N3G-120 electrodes attributed to the synergistic effect of NiO and rGO where high conductivity
of rGO helps to enhance the electrical conductivity of NiO/rGO composite. Such high conductivity also responsible for the
better cyclic performance. 2.3 MnO2/rGO Composite Fig. 2 (I-L) depicts the supercapacitor performance of MnO2/rGO
composite. Fig. 2 (I) shows the CV curves of M1G-0, M2G-1, M3G-2 and M4G-3 electrodes. Here also we observed that after
addition of GO in the MnO2 the area under the curve increased. Fig. 2 (J) presents the comparative GCD curves of M1G-0,
M2G-1, M3G-2 and M4G-3 electrodes. The specific capacitance of all electrodes at (0.5 to 1.75 mA cm-2) current densities is
mentioned in Fig. 2 (K). The maximum specific capacitance calculated from GCD for N1G-0, N2G-60, N3G-120, and N4G-
180 electrodes is 146.5, 213.7, 259.2, and 121.4 F g-1, respectively. As N3G-120 electrode showed maximum specific
capacitance the cyclic stability is taken for this electrode. The N3G-120 electrode showed excellent cyclic stability of 95.7%
over 10000 cycles (Fig. 2 (L)). The inset of Fig. 2 (L) presents the different number of cycles of CV of cyclic stability. 2.4 Solid
state supercapacitor device (SSSD) The photographs of fabricated solid state supercapacitor device are depicted in Fig. 3 (A-B).
Also, the flexibility of supercapacitor device is shown in Fig. 3 (C). The CV measurement of SSSD is carried out at the
different potential windows of 0 to +1.8 V as shown in Fig. 3 (D). The sharp increase in current after +1.0 V operating potential
window is suggesting the irreversible electrochemical reactions. Hence, we choose the operating potential window as a +1.0 V
for further study. Fig. 3 (E) shows the CV curves at different scan rate (10, 20, 50, 80, 100 mVs-1). Fig 3 (F) shows the GCD
study of prepared SSSD at different potential windows. Fig.3 (G) shows the GCD curves at different current (3, 5, 7, 9 and 11
mA cm-2). Fig. 3 (H) shows the capacity retention vs cycle number which indicates the prepared device shows capacity
retention of about 80.4% after 5000 cycles. The inset of Fig. 3 (H) shows the GCD cycles at different cycle numbers. The
photograph of the actual working device with a glowing of red LED (5 mm) is shown in Fig. 3 (I). 3 Biosensing study In the
glucose sensing study of different NiO/rGO composites, the same three electrode system with 0.1 M NaOH was used. Fig. 4 (A-
D) presents the CVs of electrode N1G-0, N2G-60, N3G-120, and N4G-180 without glucose (blue) and with 3 mM glucose (red)
at 10 mV s-1 scan rate. All electrode shows an increase in current response after the addition of 3 mM glucose. The increased
current response in CV after the addition of glucose is because of electrooxidation of glucose with NiO, accompanied by
oxidation from Ni2+ to Ni3+ [10]. The chronoamperometry (CA) technique is used in nonenzymatic glucose sensing to analyze
glucose due to its high sensitivity [10,15–17]. Fig. 4 (E-H) shows the CA responses of N1G-0, N2G-60, N3G-120, and N4G-
180 electrodes at a constant potential of +0.5 V in 0.1 M NaOH electrolyte at different concentrations of glucose (0 to 2.4 mM).
It is clear that the current in the CA curve increases with increasing glucose concentration. The calibration curves of glucose
concentration versus current observed for N1G-0, N2G-60, N3G-120, and N4G-180 electrodes are shown in Fig.4 (I-L),
respectively. All electrode shows linearity in the range of glucose concentration 0.4 to 2.4 mM. The electrode N3G-120
exhibited the highest



442.4 A mM-1 cm-2 glucose sensitivity compared to other electrodes with R2 = 0.9964 and LOD of 7.42 M. The conductivity
of rGO further improve the conducting network in NiO/rGO composites and responsible for better electron transfer kinetics.
Hence NiO/rGO composite could provide more active sites for absorbing glucose and responsible for good sensitivity. Fig. 5
(A-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 glucose
and common interferences such as 0.2 mM of Fructose (FR), Ascorbic acid (AA), NaCl, and KCl are shown in Fig. 5 (E-H)
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. Fig. 5 (I) shows the CV curves of CG-0.5 electrode in absence of glucose
(black) and in presence of 0.5 mM glucose (red). The CV curves in the presence of 0.5 mM glucose at different scan rates are
mentioned in Fig. 5 (J). The CA response of CG-0.5 electrode at a constant potential of +0.5 V in 0.1 M NaOH electrolyte at
different concentrations of glucose (0 to 0.5 mM) (Fig. 5 (K)). It is clear that the current in the CA curve increases with
increasing glucose concentration. The calibration curves of glucose concentration versus current observed for CG-0.5 electrode
is shown in Fig. 5 (L). The CG-0.5 electrode shows 5.8324 mA mM-1 cm-2 of glucose sensitivity with R2 = 0.9827. References
1. Makhlouf, S.A., Bakr, Z.H., Aly, K.I., and Moustafa, M.S. (2013) Structural, electrical and optical properties of Co3O 4
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Conclusions

The hydrothermally synthesized Co3O4/rGO composite shows highest specific capacitance of 454.2 F g-1 at 1 mA cm-2. The
prepared supercapacitor electrode exhibited excellent cyclic stability of 90.16% over 10000 cycles. In case of non-enzymatic
glucoses sensing the electrode achieved 5.8324 mA mM-1 cm-2 glucose sensitivity. In case of hydrothermally synthesized
NiO/rGO, the different NiO/rGO composites was obtained by varying GO concentration. The highest specific capacitance of
727.1 F g-1 at 1 mA cm-2 applied current density was achieved by NiO/rGO composite. Also, it exhibited good cyclic stability
of about 80.4% after 9000 cycles. The symmetric solid state supercapacitor device prepared by using optimized NiO/rGO
composite can showed excellent cyclic stability of 80.4% over 5000 cycles and can glow red LED. In the case of nonenzymatic
glucose sensing, the optimized NiO/rGO composite exhibited the maximum 442.4 A mM-1 cm-2 glucose sensitivity compared
to other electrodes with R2 = 0.9964 and LOD of 7.42 M. The MnO2/rGO composite showed maximum specific capacitance of
259.2 F g-1 at a current density of 0.5 mA cm-2. The optimized electrode reported an extraordinary cyclic stability of 95.7%
over 10000 cycles. The overall study reveals that all the prepared composite electrodes show excellent electrochemical
supercapacitor as well as nonenzymatic glucose biosensing properties.



Scope of future work

In future work the effect of not only electron irradiation but also ion beam irradiation on the supercapacitor as well as non-
enzymatic glucose biosensing will be studied. Ternary metal oxides are promising candidates in the supercapacitor field due to
their favorable synergistic effect arising from multicomponent metal ions and high electrical conductivity. Hence, such ternary
metal oxides and their graphene-based composite for energy storage is an interesting study. Also, This work lead to
supercapacitor device fabrication and possible to give industry for commercial use.
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