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Abstract:

In this paper, NiO nanoparticles Graphene sheet was prepared by an one pot synthesis
method, which is one of the simplest technique. The as prepared NiO nanoparticles graphene
sheets were characterized by XRD, FTIR, UV and SEM studies. XRD analysis confirms the
crystallinity and phase purity of the sample. The functional groups in these prepared samples
were confirmed by FTIR analysis. The UV visible spectra show the band gap at 3.25 ev. It
was ascertained from SEM micrographs that the material has mesoporous morphology. This
mesoporous morphology may be due to the increase of the surface to mass ratio of the
material, which may increase the specific capacitance of the material.
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1. Introduction;

As a result of increase in energy consumption demands, conventional energy sources on the
earth are getting extra used day by day. Thus the whole world has concentrated on energy
related research. A renewable energy source is the best option for energy. The main problem
with this type of energy is that it is not available all the time. As a result, it is necessary to
store this type of energy when it is available so that it can be utilized whenever needed [1].
Li-ion batteries and super capacitors are widely used energy storage devices [2-4].
Conventional energy capacitors have high power density with low energy densities and the
batteries have high energy density with low power density. A super capacitor with its high
power and cycling is a device that is bridging the gap between the batteries and the
convectional capacitors [5-6]. Metal oxides such as a SnO2, Fe30s, Fe203, CO304, RuOy,
MoO3z, ZnO, CuO, and WO3 have been developed as a promising candidate for super
capacitor electrodes [7-27].NiO based nanostructures have been extensively applied as
electrode material for lithium ion batteries, fuel cells, electronic films, gas sensors, and
electrochemical super capacitors[30]. Because NiO is cheaper and easy to process using a
variety of methods, therefore it deserves and continues to deserve, considerable research
activities towards high performance electro chemical super capacitor applications. In this
work graphene/ NiO Nano composites was prepared by one pot synthesis method. These
prepared graphene/ NiO composites were characterized by XRD, FTIR, UV, and SEM
studies.

Experimental;
2. Materials and Method

Graphite Flake powder (FG), sulfuric acid (H2Sos), potassium permanganate
(KMnOa4), sodium nitrate (NaNos), hydrogen peroxide (H20.), Hydrochloric acid (HCL),
Ethanol, and Nickel Acetate CoHgNiO4. 4H20

2.1 Synthesis of graphene Oxide (GO)

Graphite oxide (GO) was prepared by a modified Hummers method, and the
preparation is described in a typical process. Concentrated H>Sos (70ml) was added in the
mixture of graphite (FG) powder (1.5g), sodium nitrate (3.0g) NaNOs in the flask and then
cooled on a ice bath and stirred for 45 minutes. KMnOa (9.0g) of potassium permanganate
was added very slowly and temperature was controlled under 293 k. After stirring for 2 h. in
the ice bath, the mixture was transferred into the water bath and kept at 308 k for 1h. The
water (140 ml) was followed to add into the mixture and caused its temperature slowly up to
371 k maintain at the temperature for 1h. The reaction temperature was found to increase
rapidly to 373k with effervescence and the color changed to brown. Then the mixture 30ml of
H>0, was added to the above solution and the color changed to yellow. Finally the solid
mixture was separated by the filtration and high speed centrifugation (6000rpms) washed
with Hcl solution and water respectively and dried in vacuum at 323k for 96 h to get GO.
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GO(50mg) was dispersed in ethanol (65ml) by sonication for 3h and then the Nickel
Acetate CoHgNiO4. 4H20 powder was added into the solution according to NiO/GO mass
percent 50:50 ratio respectively and continued to ultrasonic dispersal for 1h. The obtained
suspension was sealed in to a Teflon-lined autoclave (100ml) and heated at 473 k for 12 h.
The last products were filtered washed with ethanol and dried in vacuum at 323 k for 24h.
For comparison pure NiO and graphene sheets (GS) were produced by the above method.

Figure 2.1 Synthesis of Graphene Oxide/ NiO

3. Characterization

The crystallographic structure of Graphene/ NiO Nano composites were determined by X-ray
diffraction system PAN analytical Expert instrument equipped with CuKa (A=1.5406A)
radiation FTIR analysis were done on the instrument Perkin Elmer Spectrometer operating at
4000- 400cm™. The morphological and elemental analysis was done on Philips XL30
electron microscope.

4. Result and discussion
4.1 XRD analysis

X-ray powder diffraction is to most common analysis for the generalized
characterization of crystalline and nano material which range of atom and also to verify the
oxidation of single crystal or nano crystal. X-ray diffraction analaysis of nano Graphene
Oxide sample. is shown in the Figure 4.1a. The average crystalline size ‘D’ of the as obtained
Graphene oxide nanoparticles were estimated by Debye-Scherrer equation

D=0.89 A/B cos 0

Where A is the wavelength of the incident beam ( A =1.5406A) and B is the full width at half
maximum and 0 is the Braggs diffraction angle. It was discovered that the average particle
size was 21nm. In order to corroborate the peak structure, one can compare them to standard
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available data,15.15°19.59°,21.83°, 24.83°,27.06°,32.92°,43.75°45.55°,55.89°, XRD pattern
we can see a promint peak at 27.06° corresponding a prominent Plane. And also there is a
clear shift in 2 0 value and full width maxima for a prominent Plane this can be observed as
we go from peak 21.51°, and also sharp peak at intense peak at 27.06°, the all this peak which
conform the good space structure the interlayer facing of nano graphite oxide. According to
the peak at 2 6 =70° this value is higher the interlayer facing of graphite powder this is due to
the presence of oxygenated futional group and interrelated water molecules from the
spectrum there is diffraction 2 6 = 27.06° (MS Amir Faiz et al 2020) which is mainly due to
oxinated graphite the diffraction peak of nano grapheme oxide is found to around 27.06°
around which crosspound to the highly organized structure with on interlayer
structure.(Zaaba,N.l.,et.al 2017),(Paulchamy.B.et.Al.2015).(venkateswara Rao.K., et al.
2013) The disappearance peak at 55.89° appearance of peak at 45.56° shows that product is
computes oxidation after the chemical oxidation and exfoliation indicating the presence of de
spacing of nano graphene oxide crystalline lattice. The XRD patterns agree well with the
tetragonal hausmannite of the Graphene Oxide and it is confirmed that Graphene Oxide
nanoparticles are of tetragonal hausmannite crystalline structure.[1,2] the second layer of
Figure 4.1 b. shows the XRD spectrum of Nickel oxide/graphene sheets. The diffraction
peaks at 37.6°, 43.7°, and 63.9°, are the typical character diffraction peaks of NiO which are
in accordance with the JCPDS data for NiO (card no; 47-1049) and the peaks around at 2 6
=37.7°,43.7°, and 63.7° were identified as [111],[200],and [220] respectively. From the XRD
spectrum there is no distinctive peak of graphene oxide (2 6 =10.9°) or graphite flakes (2 0
=21.6°) confirming that graphene oxide was well condensed [37]. Both the graphene and the
composite showed the typical 2 6 peak for graphene at about 26°, corresponding to the d-
spacing of about 0.36nm. Although the d-spacing is higher than that of natural
graphite(0.33nm) the value are similar to pure graphene and the composites, suggesting that
NiO nano crystaline have not greatly affected the origin of the graphene layer[38].
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Figure 4.1 XRD Pattern of Nano Gaphene Oxide and NiO nanocompsoite .
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4.2 FTIR Spectral Analysis

Essentially it's a method used to Infrared spectra of an infrared-absorbing solid, a liquid, or a
gas to determine their absorption, emission, and photoconductivity are obtained, and can also
be An unknown mixture can be quantitatively analyzed using this technique. It is expected
that after the oxidation processes, the iterative of the peaks is proportional to the amount of
material present. The produced GO exhibits a peak of 619 cm™, which is ascribed to the C-O
bond, showing the existence of oxide confirming the oxidation process produces functional
groups, as shown in Figure 4.2a. The peaks in the range from 1571 cm™ to 1111 cm™ show
that the C = C bond, which remains An oxidized and oxidized sample processes, the water
Broad peaks indicate the amount of water absorbed by GO 2925 cm™ to 3416 cm™, This is
produced by the OH- Being a high-quality game is one of the main advantages of GO
absorbent substance, as seen by its propensity to create a Syrup that appears jelly-like,
contributes to the trace of H.O molecules.( MS Amir Faiz et al 2020,paulchamy et al 2015)
The FTIR spectrum of NiO/graphene nanocompsoite is shown in the Figure 4.2 b. The
spectrum Showed vibrational bands at about 3432cm™, 1612cm™, 1114cm™, and 618cm™
which is typical for a - type hydroxide [39-40].Although the broadness of the peaks for the
composites is not as the same for Nickel hydroxide, the characteristics peaks are common to
both the samples. Vibrational bands for free hydroxyl groups at 3432cm™ and for H-banded
to water at 3405cm™ seen to be well separated and small in the composite compared to the
broad band of pure NiO intermediate sample although there is no apparent shift in the band
position. This result suggests that the free off vibration is low in the composite. The FTIR
spectrum displays a broad peak at 111cm™ corresponds to the metal oxide (M-O) stretching
vibration mode and confirms successfully the synthesis of NiO nanoparticles. The extra peaks
obtained at 1317 and 1627cm™ are due to the rocking and wagging vibration transition of the
O-H group and the small peak at 3432cm-1 is for O-H stretching vibration mode of the
physically adsorbed water the synthesized NiO/Graphene sheet shown peaks at 1052,1615
and 1737cm™ for C-O, C=C and C=0 stretching vibration mode .
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Figure 4.2 FTIR analysis of Nano Graphene oxide and NiO nanocompsoite.
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4.3 UV-Vis NIR analysis

UV- Visible spectra of Nickel oxide/graphene sheet is shown in the Figure 4.3.b, there are
two characterization absorption bands in the UV- Visible spectra. The absorption band
centered at 271 nm is attributed to = — m * transistions of aromatic C-C bands. The shoulder
centered at 298 nm corresponds to n — & * transitions of C=0 bonds. We can see from the
spectra that the absorption increases fairly and attains a constant value. It is also found that
the absorption peak at 323 nm red shifts to 271 nm and the other absorption band at 296 nm
is completely removed. The UV- Visible spectra results reveal that the Oxygen containing
functional groups on the surface of graphene are mostly removed and the electronic
conjugation within graphene Nano sheets is restored solvothermal synthesis. Similar results
were also obtained by yu et al[41] and Xu et al[42].lin the next step, the energy band gap of
the NiO, graphene sheets nanocompsoite was calculated by Tauc relation[43],

a (ahv) n= A (hv - Eg) Where a,A, h,v, n(=1/2)

for direct band gap and Eg are the optical absorption coefficient absorbance, planks constant,
fervency of light, constant, related to mode of transition and band gap energy respectively
band gap energy was calculated by extrapolating the straight region of the graph plotted
between hV and (a hv)? the results show that the band gap energy was found to be 3.25ev as
shown in the Fig. 4.3 a.
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Figure 4.3 a) Absorption and Tauc’s plot, b) Transmittance, ¢) Skin Depth, d)
Extinction Coefficient.

VOLUME 21 : ISSUE 11 (Nov) - 2022 Page N0:2936



YMER || ISSN : 0044-0477 http://ymerdigital.com

Skin Depth

The optical penetration depth of a substance is the depth to which light or other
electromagnetic radiation may enter it. Skin depthd = /a, a — Absorption coefficient, as
shown in Figure 4.3. c) It can be seen that skin depth increases up to 246 nm and then
decreases. The minimum value of skin depth was approximately 308 nm and then began to
climb until it reached its maximum at 387 nm. This demonstrates that electromagnetic
radiation with a wavelength of around 398 nm is reaching the substance more deeply.

Extinction Coefficient

The degree to which a chemical species or material absorbs light at a specific wavelength. It
is determined by the produced material's structure and chemical makeup. The extinction
coefficient is a measure of electromagnetic radiation absorption in a material and loss owing
to scattering. K = a%/4M, o — Absorption Coefficient, A is the Wavelength, from Figure4.4
d) Extinction coefficient shortly decreases and increases as wavelength increase after
244nm it is increased after 890 nm it goes linear or says become constant

4.4 SEM analysis;

Morphological examinations were executed by SEM micrographs of Nickel Oxide/graphene
Nano Sheets are shown in the Figures.4.4. The micrograph in Fig4.4.a has a porous flake like
structure with the graphene sheet well connected with each other. This is an indication that
the graphene has been in foliated during the preparation process this may be due to the
distorted graphene sheets when Oxygen and other functionality groups are attached to the
sheets of graphene to form Nickel Oxide/graphene Nano composites. The micrographs are
evenly distributed and well-connected with graphene. Indicating that graphene sheets in NiO
overlapped each other. From the Fig 4.4.b micrograph, it is clear that show the sheets are
stalked together. From the Fig 4.4.c, micrograph of the SEM images, it in clearly seen that
the particles are in spherical in shape. The surface is not smoothening, but the particle size
lies well within the Nano range. Hence it confirms that the particle is in the Nano scale.
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Figure 4.4 SEM analysis of GO and GO composite NiO with a mass percent of 50:50
For suitable super capacitor Application

Nanocomposite-based devices for electrical and optoelectronic applications, such as light
emitting diodes, photodiodes, solar cells, gas sensors, and field effect transistors, as well as
composite electrolyte materials for applications such as solid-state lithium batteries. A
supercapacitor is located between the capacitor and the battery. Also known as a
supercapacitor, a double layer capacitor, or an ultracapacitor. When compared to a standard
capacitor, a supercapacitor has an extremely large capacitance and a low voltage rating. A
supercapacitor stores energy in a double layer of charge between the ions of the electrode.
Cordless electric screwdriver that charges in a matter of minutes. LED flashlights are used in
digital cameras. Supercapacitors are utilised in 1Cs for power supply stabilisation in laptops
and portable devices, where it substitutes electrolytic capacitor banks.
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5. Conclusion

A NiO Graphene Sheets nano composite were successfully synthesized by solvothermal
process. The results obtained from XRD, FTIR, SEM, UV showed that NiO nanoparticles
were deposited on graphene, XRD confirmed the pure degree of the crystalline of the sample.
The average nono composite size was found to be 13nm. The functional groups were
confirms by FTIR spectra. SEM images show the uniform distribution on NiO nanoparticles a
graphene structure.
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