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INTRODUCTION

Water pollution can be caused by many sources but indus-
trial pollution of water is a salient issue. In previous decades,
the efficiency of photocatalytic activity to degrade the organic
pollutants by semiconductor metal-oxide such as NiO nano-
particle has drawn much public attention. It is due to the fact that
NiO has high transparency and is considered as a p-type semi-
conductor with a broad band gap value around 3.2-4.0 eV [1,2].

Graphene oxide can be practically referred to as a funct-
ionalized graphene with various oxygen-bearing groups (e.g.,
C=O, C–O and –OH), while r-GO is normally obtained through
chemical reduction of GO [3,4]. The literature survey revealed
that rGO/NiO [5-7], r-GO/TiO2 [8-10], r-GO/SnO2 [11-13],
GO/ZnO [14-16] and rGO/Ni(OH)2 [17-19], were used as an
effective photocatalyst, sensors and photovoltaic materials. The
GO, NiO and rGO@NiO nanostructure are also used as a promising
capacitor material [20]. The specific capacitance of nanocom-
posites were normally lesser than 600 F g–1 whereas the recently
reported rGO@NiO sheet-on-sheet composite shows a stable
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charge capacity of 1,031 mAh g–1 (at 0.1 ºC) after 40 charge-
discharge cycles in Li-battery applications [21,22]. Consi-
dering the literature importance of nanomaterials, this research
article focuses on the synthesis of NiO and rGO@NiO nano-
materials via the co-precipitation method and its photocatalytic
activity with crystal violet and rhodamine-B organic dyes has
been studied. The XRD analysis of the synthesized samples
was performed to know the phase purity and crystallite size of
the synthesized nanomaterials. Scanning electron microscopy
(SEM) and transmission electron microscopy (TEM) techni-
ques were used to study the surface morphology and particle
size of the prepared samples. The super capacitor performance
of the synthesized nanomaterials was investigated using cyclic
voltammetry and electrochemical impedance spectroscopy
(EIS) and the observed analytical results were suitably discussed
in this work.

EXPERIMENTAL

The required chemicals such as graphite flakes, nickel
chloride hexahydrate (NiCl2·6H2O), sodium hydroxide, sulfuric
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acid (98%), potassium permanganate (99.9%), hydrogen
peroxide (30%) and hydrochloric acid (37%) were procured
from Sigma-Aldrich and used without further purifications.

Synthesis of reduced graphene oxide (rGO): To a
solution of 46 mL sulfuric acid, 1 g of graphite flakes and 1 g
of sodium nitrate were added under the ice-cold condition and
stirred for 4 h. Further, 6 g of potassium permanganate, which
is a strong oxidizing agent was added slowly to the suspension.
Then the mixture was stirred continuously for 2 h at 35 °C
until the colour changes to brownish. Finally, the above mixture
was quenched with 3 mL of hydrogen peroxide followed by
the treatment of 10% HCl and centrifuged until reaches to
neutral pH. After centrifugation, a gel-like suspension was
obtained and dried in vacuum hot air oven at 60 ºC for 12 h to
obtain graphene oxide nanosheet [23]. The flow chart of the
synthesis of rGO is presented in Fig. 1.

Synthesis of nickel oxide nanoparticles: In a typical
procedure, 8 g of NiCl2·6H2O was dissolved in 60 mL of de-
ionized water and subsequently 6 g of NaOH was dissolved in

40 mL of deionized water. The above-prepared nickel chloride
solution was stirred at room temperature for about 1 h to achieve
a homogeneous solution. Sodium hydroxide solution was
added further to the above solution followed by the formation
of the light green colour precipitate. The resultant precipitate
was washed with deionized water and ethanol several times to
remove the byproducts and impurities and dried at 60 ºC for 4
h to form Ni(OH)2. The synthesized Ni(OH)2 was calcinated at
450 ºC for 2 h in muffle furnace to obtain NiO nanoparticles.
The synthesized NiO nanoparticles were used for further charac-
terization. The schematic representation of the synthesis of
NiO nanoparticles is shown in Fig. 2.

Synthesis of graphene oxide/nickel oxide (rGO@NiO)
nanocomposite: Graphene oxide (20 mg) was dispersed in
20 mL of deionized water using an ultrasonic bath for 30 min.
Then 27 mg of NiCl2·6H2O was dissolved in 2 mL of deionized
water. Then the above two solutions were mixed and stirred
for 2 h followed by the addition of NaOH solution. The preci-
pitate so obtained was filtered to get the rGO/Ni(OH)2. This
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Fig. 1. Schematic diagram of the preparation of rGO using modified Hummer, s method
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was followed by the calcination process for 2 h at 750 ºC to
produce the rGO@NiO nanocomposite. The schematic repre-
sentation of synthesis rGO@NiO nanocomposite shown in
Fig. 3.

Characterization: The UV-vis absorption spectra were
recorded on a Varian Cary 50 spectrometer using a quartz cell
with 1 cm optical path. Fourier transform infrared (FTIR)
spectra were recorded on a Bruker tensor 27 instrument, under
the wavelength of 4000-400 cm-1 range and the sample was
prepared by KBr pellet method. Thermogravimetric (TGA)
measurements were carried out in the thermal analyzer (STA449
F3 Jupiter) under N2 gas flow at a heating rate of 10 ºC per
min. The X-ray diffraction patterns of the catalyst were measured
with a Model D/max-RC X-ray diffractometer using CuKα
radiation source (λ = 1.5418 Å) as the incident radiation.
Transmission electron microscopy measurements were carried
out on a Hitachi-7650 transmission electron microscope operated
at an accelerated voltage of 80 kV. Energy-dispersive X-ray
spectroscopy (EDX) and SEM measurements were carried out
on JSM-5610LV. Electrochemical measurements were carried
out in a CHI 660C (CH Instruments, Shanghai, China) electro-
chemical workstation with a conventional three-electrode system
with a Pd-PG or Pd-CCG modified glassy carbon electrode as
the working electrode, platinum wire and an Ag/AgCl (satu-
rated KCl) as the counter and the reference electrode, respec-
tively at room temperature.

Photocatalytic measurement: The photocatalytic activity
of NiO and rGO@NiO was evaluated by the degradation of
aqueous solutions of the methyl violet and rhodamine B using
sun-light as a radiation source. For the degradation process,

10-4 M of dye solutions were fixed as an optimized concen-
tration for both the dyes and mixed with 500 mL distilled water.
A dye solution (50 mL) was taken in a 100 mL beaker and the
catalyst (20 mg for methyl violet/30 mg for rhodamine B) was
added into the solution. The solution was stirred with a magnetic
stirrer for 90 min. The solution of both dyes were collected in
every 10 min for the UV analysis to evaluate the degradation
efficiency of the prepared nanocatalysts.

RESULTS AND DISCUSSION

Thermal gravimetric/differential thermal analysis of
rGO@NiO nanocomposite: The typical thermal analysis
curve of Ni(OH)2 and rGO@Ni(OH)2 are shown in Fig. 4a and
4b, respectively. Thermal behaviour of the synthesized Ni(OH)2

nanoparticles was investigated by DTA analysis. The thermal
weight loss of Ni(OH)2 (Fig. 4a) has occurred in three steps.
The first weight loss from room temperature to 135 ºC was
due to the dehydration and evaporation of free water from the
starting precursor, which resulted in a weight loss of about
13%. The second degradation of weight loss is observed at about
135 to 315 ºC that corresponds to 15%. This is due to the
dihydroxylation of Ni(OH)2, which leads to the transformation
of NiO. Above 315 ºC, the product remains stable without
mass loss, indicating the thermal stability of the crystalline
NiO sample. Hence TGA analysis confirms the required temp-
erature for the formation of NiO from the starting precursor.
The exothermic peak at about 400 ºC exhibited obviously due
to the decalescence phenomena, possibly resulting from amor-
phous to crystalline phase [24]. Fig. 4b is the TG-DTA curve
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Fig. 3. Schematic representation of the synthesis of rGO@NiO nanocomposites
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of rGO@NiO. Here the first weight loss occurs at about 287
ºC with 20% weight loss due to dehydration and evaporation
of free water from the starting precursor and consecutive weight
loss occurs at 694 ºC about 31% weight loss due to dihydroxy-
lation of rGO/Ni(OH)2. Finally, the TGA analysis confirms
the required temperature range for the formation of rGO@NiO
nanocomposite.

X-ray diffraction analysis: The TG-DTA analysis
revealed that NiO and rGO@NiO nanomaterials were formed
at around 450 and 750 ºC, respectively from its precursors
Ni(OH)2 and rGO/(NiOH)2. XRD patterns of NiO, GO and
rGO@NiO nanomaterials in various profile peaks and the
diffraction angle 2θ ranges from 10º to 80º are represented in
Fig. 5.
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Fig. 5. XRD patterns of the synthesized a) GO, b) NiO and c) rGO@NiO

The XRD patterns of the calcined samples exhibited
sharper reflection peaks confirmed the good crystallinity and
the fine grain size [25,26]. The observed diffraction peaks and
other calcinated values are presented in Table-1. For NiO, the

peaks appearing at 2θ = 37.27º, 43.33º, 62.92º and 75.45º can
be readily correlated for (111), (200), (220) and (311) crystal
planes of the bulk NiO. For GO, the XRD pattern centred at
2θ = 11.4º is indexed for (002) plane of GO. The XRD pattern
observed at 2θ = 22.74º, 39.33º, 44.76º, 64.51º and 77.63º can
be readily responsible for (002), (111), (200), (220) and (311)
crystal planes of the rGO@NiO nanocomposites. By comparing
these data with known standard data published by the Joint
Committee on Powder Diffraction Standards (JCPDS Card No:
47-1049) [27], it is clear that the NiO and rGO@NiO nano-
particles exhibited in cubic phase crystal nature [28]. The
structural parameters were calculated such as crystallite size,
microstrain and dislocation density of rGO@NiO from Debye-
Scherer’s formula [29] given by the eqns. 1-3 and the values
are presented in Table-1.

0.9
Crystalline size (D)

cos

λ=
β θ (1)

1
Dislocation density ( )

D2
δ = (2)

cos
Macrostrain ( )

4

β θε = (3)

where λ is the wavelength (λ = 1.546 Å) (CuKα), β is the full
width at half maximum (FWHM) of the line and θ is the
diffraction angle. The lattice parameters and volume have also
been calculated using the following eqns. 4 and 5 for the cubic
system [30,31] and are given in Table-1.

2 2 2a d h k Å= + + l (4)

and V = a3(m3) (5)

Williamson-Hall method: The crystallite size (D) and
strain (ε) values were also calculated using the Williamson-
Hall (W-H) method according to eqn. 6 [32].

cos 1 Sin

D

β θ θ= +
λ λ∑ (6)

where β is the full width at half maximum of the line, λ is the
wavelength of the X-ray source used (1.5406 Å) and θ is the
Bragg angle. From the plots of β cos θ/λ versus sin θ/λ (Fig. 6),
the crystallite size and strain values are calculated from the
reciprocal of the intercept on the Y-axis and the slope, respec-
tively. The crystallite size and strain values were reproduced

TABLE-1 
STRUCTURAL PARAMETERS OF NiO, GO AND rGO@NiO 

Sample d-spacing (Å) FWHM (β) 
Macrostrain  

ε × 10–3 
Dislocation density 

δ × 1015 (m-2) 
Average crystallite 

size (nm) 
Lattice parameter 

(Å) & Volume (m3) 

2.4106 0.434 1.7934 2.6768 
2.0863 0.435 1.7629 2.5867 
1.4760 0.507 1.8860 2.9604 

NiO 

1.2589 0.578 1.9937 3.3080 

18.689 a= 4.716, V= 72.87 

GO 1.6748 0.498 4.9648 1.2941 27.798 a= 2.47, V= 35.88 
2.3102 0.363 4.8667 3.7895 
1.9199 0.363 3.6745 2.5951 
1.3370 0.372 2.8045 2.2876 
1.2315 0.432 2.5581 2.1604 

rGO@NiO 

1.7655 4.799 3.7812 1.2369 

18.126 a= 4.177, V= 72.88 
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(Table-2) which almost matched with the data reported by
Debye-Scherer method. The Debye-Scherer and Williamson-
Hall method results are tabulated in Table-3.

TABLE-2 
CRYSTALLITE SIZE AND MACROSTRAIN FOR  

THE NiO AND rGO@NiO NANOCOMPOSITE 

Samples Crystallite  
size (D) (nm) 

Macrostrain  
(ε) × 10–3 

NiO 21.8590 2.9446 
rGO@NiO 21.3460 2.6604 

 
TABLE-3 

COMPARISON OF DEBYE-SCHERRER AND W-H METHOD 

Sample Method Crystallite 
size (D) (nm) 

Microstrain 
(ε) × 10–3 

Debye-Scherrer’s 18.6887 1.2797 
NiO 

W-H Method 21.8590 2.9446 
Debye-Scherrer’s 18.1256 1.3038 

rGO@NiO 
W-H Method 21.3460 2.6604 

 
The UV-vis spectra of NiO, rGO and rGO@NiO nano-

composites are reproduced in Fig. 6. In these studies, NiO
nanoparticles show an absorption peak at 317 nm, the GO
absorption peak is observed at 226 nm whereas the rGO@NiO
display an absorption peak around at 340 nm. The strongest
absorption band at 317 nm for the NiO is shifted to a lower
absorption band at around 340 nm in the presence of GO,
indicating the successful formation of rGO@NiO nanocom-
posite. The optical bandgap is calculated from the following
eqn. 7 and the observed band gap value of GO, NiO and rGO
@NiO nano samples are 5.40, 3.75 and 3.64 eV, respectively.
The bandgap of rGO@NiO nanocomposite was calculated as
3.64 eV and it has redshift to that of bulk NiO (3.75 eV), which
could be ascribed to the interaction of NiO with the graphene
backbone and large surface of rGO@NiO nanocomposites which
is very useful for photodegratation processes [33].

hc
Eg =

λ
(7)

where, h = Planck′s constant, c = velocity, λ = wavelength.

FT-IR spectral analysis: The FT-IR spectrum of NiO,
GO and rGO@NiO nanocomposites are presented in Fig. 7.
The sharp peaks at 427 and 416 cm–1 can be ascribed to the
Ni-O stretching vibrational modes and confirmed the formation
of NiO and rGO@NiO spinel structure [34]. The characteristic
peaks observed around 1632 and 3447 cm–1 are attributed to
the O-H stretching mode of water molecules adsorbed on the
surface of the nanomaterials [35,36].

T
ra

ns
m

itt
an

ce
 (

%
)

rGO@NiO

NiO

GO

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm )

–1

Fig. 7. FT-IR spectrum of NiO, GO and rGO@NiO nanocomposite

Morphology analysis: The morphology of the graphene
oxide/nickel oxide nanocomposite was investigated with a
scanning electron microscope (SEM, LEO-0430, Cambridge)
at room temperature, mounted directly onto sample stub and
coated with gold film (~ 200 nm) under reduced pressure (0.133
Pa). The SEM images of pure rGO, NiO and rGO@NiO comp-
osite is shown in Fig. 8. Fig. 8a and 8b revealed that the pure
NiO looks like non-uniform spherical shape and the entire
architecture is built from a smooth surface, of which the thick-
ness is about 10-20 nm. It is evident that (Fig. 8b and 8c) GO
is almost transparent and GO layers interact with each other
to form a 3D network with voids. The SEM images of the
rGO@NiO nanocomposite (Fig. 8e and 8f) are compared with
the image of GO and revealed that the surface of rGO@ NiO
composite is much rougher than that of GO, which might be
attributed to the uniform distribution of NiO nanoparticles on
GO [37].

Elemental analysis (EDAX): The EDX spectrum of the
NiO and rGO@NiO nanocomposite is presented in Fig. 9. The
prominence of the presence of nickel (Ni = 70.21%) and oxygen
(O = 29.79%) peaks confirmed the presence of NiO nano-
particles. In rGO@NiO nanocomposite similarly, the presence
of nickel (N = 31.87%), carbon (C = 36.60%) and oxygen (O
= 31.53%) peaks further reveals the successful formation of
the rGO@NiO nanocomposite. No extra peaks were obtained
for any of the samples, indicating purity of the synthesized
products [28].

TEM analysis: TEM measurement was carried out to get
more information about the morphology and crystallinity of
the samples. TEM image of GO is reproduced in Fig. 10 and
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revealed that the rGO is transparent and flexible in nature.
Fig. 10b and 10c are the TEM images of NiO and the images
informed the presence of spherical and hexagonal shaped NiO
crystals. The TEM image of rGO@NiO depicted in Fig. 11d
and this image informed that the spherical and hexagonal
shaped NiO crystals are decorated on the smooth surface of
rGO. The average size of the NiO particles are around 10 nm
and it is a good agreement with the particle size deduced from
the XRD analysis [38-40].

Cyclic voltammetry (CV) studies: Cyclic voltammetry
measurements (CV) were performed in a potential range
between -1.2 to 1.4 mV s-1 to examine the electrochemical

Fig. 8. SEM images of rGO, NiO and rGO@NiO nanocomposite (a) and (b) rGO, (c) and d) NiO, (e) and f) rGO@NiO

characteristics of the prepared GO, NiO and rGO@NiO elect-
rode. Fig. 11 represents the CV curves of GO, NiO and rGO@
NiO nanocomposite with the scan rates of 10, 30, 50 and 100
mV s–1. A pair of well-defined broad redox reaction peaks
visible in the CV curves indicating that the electrochemical
capacitance of the composite mainly results from the pseudo
capacitance [41]. Furthermore, the peak current increases with
increasing scan rate from 10 to 100 mV s-1, which suggest its
good reversibility of fast charge-discharge response. The specific
capacitance of the synthesized GO, NiO and rGO@ NiO
nanomaterials can be calculated using eqn. 8:

Idt
Cs

mv

∫= (8)

The plot of specific conductance versus scan rate (Fig.
11f) indicated that the specific capacitance values are inversely
related with scan rates. The specific capacitance of NiO, GO
and rGO@NiO nanomaterials are 76, 167 and 233 F g-1,
respectively at the scan rate of 10 mV s-1. The CV data implied
that rGO@NiO nanocomposite has higher capacitance character
than that of pure GO and NiO nanoparticles. As the scan rate
increases the average specific capacitance have reduced to 97
F g-1

 in NiO, 38 F g-1
 in GO and 37 F g-1

 in rGO@NiO at the
scan rate of 100 mV s-1 suggesting that rGO@NiO nanocom-
posite owns better stability and good conductivity to scan rates
[42].

Electrochemical impedance spectroscopy (EIS): The
electrochemical impedance spectroscopy (EIS) technique is a
powerful tool for characterizing the electrochemical process
occurring at the solution/electrode interface. Fig. 12 shows
the Nyquist plots of NiO and rGO@NiO electrodes. Partial
semi-circle in the high-frequency region and a straight line in
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Fig. 10. TEM images of NiO, rGO and rGO@NiO nanocomposite (a) and (b) rGO, (c) and (d) NiO, (e) and (f) rGO@NiO
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the low-frequency region (Fig. 12a,b) is seen in the plots. The
high-frequency arc is related to the charge transfer resistance
(Rct) between the electroactive material and electrolyte interface
shows the real and imaginary parts of the impedance as the x-
and y-axes on the Nyquist plot [43]. This line is parallel to the

imaginary axis indicating an ideal behaviour. It represents the
ion diffusion in the structure of the electrode materials. After
adding NiO the conductivity of the electrode is increased and
therefore, the radius of the semicircle is decreased with the
effect of smaller charge transfer resistance. In the low-frequency
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region, the impedance plot of GO assisted NiO electrode exhibits
a nearly straight line a limiting diffusion process, which is a
characteristic feature of pure capacitive behaviour. The EIS
result confirmed that NiO nanoparticles were well-separated
on the GO surface. Therefore, rGO@NiO acted as an excellent
electronic substrate with high electron transfer passages [44-46].

Photocatalytic activity and its mechanism: Initially, the
UV-vis spectrum was recorded for the different mole concen-
trations (10-2, 10-3, 10-4 and 10-5 M) of both methyl violet and
rhodamine B dyes. According to the results, the concentrations
were optimized as 10-4 M for both the dyes to carry out the
degradation process. To find the degradation time of dyes,
different quantities of rGO@NiO viz., 5, 10, 15, 20, 25 and 30
mg was added as a catalyst into the dye solutions and the systems
were kept in sunlight with continuous stirring. The system
was observed by the naked eye and fixed the effective degrad-
ation time as 60 min for 20 mg of rGO@NiO catalyst in methyl
violet and 30 mg of rGO@NiO catalyst in rhodamine B dyes.
The UV-vis absorption peaks observed for methyl violet and
rhodamine B without the catalyst was 244, 298, 575 nm (major
peak) and 259, 356, 554 nm (major peak), respectively. When
the catalyst was added into the dye solutions the absorption
peaks of dyes were started to vanish and the samples (5 mL)
were collected in every 10 min for the UV analysis. The peaks
observed at 575 for methyl violet and 554 nm for rhodamine
B have vanished nearer to 60 min with approximately 92% of
degradation. The percentage of photocatalytic degradation was
calculated using eqn. 9:

( ) o t

o

Photodegradation efficien
C C

1 0y %
C

c 0
−= × (9)

Photodegradation reaction of dyes can be described using
Langmuir-Hinshelwood kinetic model [47] and the photo-
catalytic activity of the catalyst can be evaluated using eqn. 10:

o

t

C
ln kt

C

 
= 

 
(10)

where Co and Ct are the initial concentration of dye solutions
and at irradiation time ‘t’, respectively and k is the pseudo-
first-order rate constant. The absorption of methyl violet and
rhodamine B dyes with various time profiles are shown in Figs.
13 and 14 and the degradation efficiency is depicted in Fig.
15.

Kinetic studies of photocatalytic degradation using
NiO and rGO@NiO: The linear relationship of ln (Co/C) vs.
time (Fig. 16) indicated that the photocatalytic degradation of
methyl violet and rhodamine B dyes with NiO and rGO@NiO
nanocomposite were followed to the pseudo-first-order kinetics
[48]. The calculated rate constant of NiO and rGO@NiO
photocatalysts were 0.03929 and 0.04429 min-1, respectively
for methyl violet  whereas the rate constants observed as
0.03286 min-1 and 0.04679 min-1, respectively for the rhodamine
B dyes. The observed rate constant values revealed that the
photocatalytic activity of rGO@NiO catalyst is approximately
13% for methyl violet-dye and 42 % for rhodamine B dye
have been more efficient than the NiO photocatalyst.

Mechanism of photocatalytic activity: Photogeneration
of electron-hole pair between conduction and valence bands
is generally responsible for the degradation of dye pollutant
in photocatalytic decomposition processes. Photogenerated h+

in the valence band reacts with H2O to produce the OH• and
this very reactive OH• is completely responsible for the dye
degradation process [49]. The schematic representation of
photocatalytic degradation of NiO and rGO@NiO photo-
catalyst under sunlight is shown in Fig. 17. Two different mecha-
nisms are proposed for photocatalytic activities of NiO and
rGO@NiO as follows:

NiO + hν → NiO (e–
cb + h+

vb) → GO (e– + h+)  (11)

NiO (e–
cb) + O2 → O2

•− (12)

NiO (h+
vb) e–

cb + OH• → OH• + NiO (13)

GO (e–) + O2 → O2
•− + GO + H2O → OH• + GO (14)

OH• + Dye → CO2 + H2O + Intermediates  (15)
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Fig. 12. Nyquist plots of the NiO and rGO@NiO nanocomposite
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Recycle process: To test the stability, the photocatalysts
were reused for three times and the results are shown in Fig.
18. The results revealed that the catalysts were maintained the
effective photocatalytic activity after the third cycle with the
negligible activity loss. Fig. 18b shows the XRD patterns of
NiO and rGO@NiO after the third recycling process. The XRD
peaks are similar to the fresh samples further confirming the
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Fig. 16. Pseudo-first order plot for NiO and rGO@NiO

80

70

60

50

40

30

20

10

0

90

80

70

60

50

40

30

20

10

0

D
eg

ra
da

tio
n 

ef
fic

ie
nc

y 
(%

)

D
eg

ra
da

tio
n 

ef
fic

ie
nc

y 
(%

)

In
te

ns
ity

 (
a.

u.
)

1 2 3
Number of cycles Number of cycles 2  (°)θ

Rhodamine B
(a)

Methyl violet
(b)

(c)
NiO
rGO@NiO

NiO
rGO@NiO

NiO

rGO@NiO

0.5 1.0 1.5 2.0 2.5 3.0 3.5 0  20 40 60 80
0

Fig. 18.(a and b) Stability of NiO and rGO@NiO photocatalyst using methyl violet and rhodamine B dye, (c) XRD pattern of dye recycled
nanocomposite after three cycles

high stability of NiO and rGO@NiO during the degradation
process. According to this mechanism, it can be said that
graphene layer can postpone the recombination process, so the
performance of rGO@NiO nanocomposite is better than pure
NiO nanoparticles [50].

Conclusion

In summary, the rGO@NiO nanocomposite as sunlight
driven photocatalyst was synthesized by co-precipitation method
using NaOH as a mineralizer. Thermal analysis reveals the
pure phase formation mechanism of Ni(OH)2 and GO/Ni(OH)2

nanoparticles. The XRD studies proved that NiO was success-
fully incorporated in the GO sheet to yield the rGO@NiO
nanocomposite matrix. The UV-visible spectroscopy showed
that the rGO@NiO composites have stronger absorption than
pure GO and NiO nanoparticles. The EDS spectrum confirmed
the purity of the rGO@NiO nanocomposites and the TEM
image confirmed the spherical morphology of NiO crystallites
occupied on the surface of the GO layer. The CV and EIS
results revealed that the rGO@NiO nanocomposite has lower
resistance and good conducting nature than the pure GO and
NiO. The synthesized rGO@NiO nanocomposites exhibited
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improved photocatalytic performance than the pure GO and
NiO nanoparticles. Significantly, by virtue of these character-
istics, the rGO@NiO nanocomposites is a promising material
for the development of high-performance supercapacitors and
the remediation of polluted water.
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