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The present study reveals that synthesized Graphene oxide (GO) by using a modified Hummer’s meth-
od and then by applying heat treatment yielded reduced Graphene oxide (rGO). The phase purity and crys-
tal structure of the synthesized rGO was determined using X-ray diffraction (XRD). Which confirms the
production of reduced graphene oxide. Also, Scherrer's equation was used for average crystallite size calcu-
lation. Fourier transform infrared spectroscopy (FTIR) was used to identify the molecular vibrations and
functional groups which confirms the presence of C=C and C-O bonds in the sample. The surface morphol-
ogy of the produced samples was investigated using a field emission scanning electron microscope
(FESEM), which revealed that the surface of the rGO sheet is smooth. The optical characteristics are
measured using a UV-Visible spectrometer. The band gap is calculated by the tauc plot analysis. the band
gap of the sample is found to be 1.92 eV. In this study, efforts were attempted to manufacture reduced gra-

phene oxide nanosheet by modified hummer’s method.
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1. INTRODUCTION

Due to outstanding features such as high surface ar-
ea (2630 m2gm~1), transparency, thermal conductivity,
and good interface contact with absorbents, graphitic
nano-carbons such as graphene, graphene oxide, and
reduced graphene oxide have garnered substantial at-
tention in recent decades [1-2]. A small number of elec-
trons produce a remarkable change in the conductivity of
graphene because of its high electrical conductivity, high
carrier mobility, and extremely low electrical noise [3].
The most frequent technique of graphite exfoliation used
powerful oxidizing chemicals to produce a non-
conductive hydrophilic carbon material called graphite
oxide (GO) [4]. The two-dimensional hexagonal honey-
comb is unique in a structure similar to that of graphene
and consists of a single atom layer of sp? hybridized car-
bon atoms [5-7]. Mechanical exfoliation (scotch-tape
technique) of bulk graphite initially generated transfer-
able single-layer graphite nanosheets. In 1958 firstly
Hummers developed an alternative technique for the
synthesis of graphene oxide by using KMnO4 and NaNOs
in concentrated H2SO4 [8]. This method can be used to
prepare large graphitic films.

2. MATERIAL AND METHOD
2.1 Chemicals and Reagents

Graphite powder, NaNOs, NaOH, H2SO04, KsFe
(CN)g, H202, and KMnOy4 were purchased from Himedia
and Sigma-Aldrich. All the chemical compounds were
of analytical reagent grades (purity 99.9 %) and used
without further purifications.

2.2 Synthesis of Reduced Graphene Oxide (RGO)

A modified Hummer's technique was used to make
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graphene oxide (GO) from graphite powder. 2 gm of
graphite and 1 gm of sodium nitrate were combined, then
23 ml of concentrated sulphuric acid was added while
constantly stirring using a magnetic stirrer. To avoid
overheating and explosion, 3 g of KMnO4 was progressive-
ly added to the aforementioned solution after 1 hour,
while keeping the temperature below 20 °C. The solution
was diluted by adding 500 ml of water to the mixture and
stirring vigorously for 12 hours at 35 °C to confirm that
the reaction with KMnO4 was completed. The suspension
was treated with 5 ml of H202 solution and HCl & H20
were used to wash the resultant mixture via centrifuga-
tion respectively. After several times washing by centri-
fuge machine, filter, and drying in a hot air oven, thus
graphene oxide sheets were obtained. From Graphene
oxide, reduced Graphene oxide nanosheet is formed by
heat treatment using a microwave oven.

3. RESULT AND DISCUSSION

XRD pattern of Reduced Graphene oxide (rGO)
nanosheet is shown in Fig. 1 confirms the hexagonal
graphitic structure of the carbon material according to
the JCPDS Card No. 75-1621. The diffraction lines at
the angle (26) of 26.37, 42.30, 44.47, and 54.29 are in-
dexed to the corresponding crystalline planes of (002),
(1-10), (1-11), and (400). After analyzing the most in-
tense peak at a 26.37 angle give the average crystallite
size of rGO nanoparticles by using Scherrer’s equation.

K2

D:ﬂcosﬁ’ @1

where K is a shape factor having a value of 0.94, 1 is
the wavelength of X-ray (1.5406 A), B is the FWHM of
the most intense peak of the XRD pattern, and 6 is the
diffraction angle.

© 2023 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.15(2).02003
mailto:Jagatpalsingh7@gmail.com

JAGAT PAL SINGH, G.C. JOSHI

300000 e

250000 |

200000

150000 -

Intensity

100000 -

50000 - o

(1-10)_(1-11) ©04)

s
T T T T

20 40 60 80
Angle (20)

0

Fig. 1 — XRD pattern of rGO nanosheet

The surface morphology of rGO by FESEM analysis
is shown in Fig. 2. the surface of the rGO nanosheet is
found to be highly smooth. As represented in Fig. 3.
Shows the EDX analysis confirms the presence of Car-
bon and Oxygen in the sample.

Fig. 2 — FESEM analysis of rGO nanosheet

FTIR analysis was used to identify the atomic vi-
brational mode of the rGO nanosheet plotted in Fig. 4.
In The measured peak, the position is Tabulated in
table 1. their functional group and peak position. The
rGO nanosheets are covered by functional groups such
as hydroxyl (-OH) [10], epoxy (C-O-C), and carboxylic
(-COOH) groups.

The UV-Vis spectra for the absorption of rGO
nanosheets are shown in Fig. 5. The absorption peak of
the rGO nanosheet was found to be 300 nm.

Table 1 — rGO vibrational mode by FTIR analysis
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Fig. 3 — EDX analysis for confirmation of the presence of car-
bon and oxygen in the prepared rGO nanosheet
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Fig. 4 - FTIR analysis of rGO nanosheet
From the absorption spectra direct optical band gap

is calculated by using tauc plot analysis using the for-
mula

(ahv)’ = N(hv-E,). (3.2)
Where « is an absorption coefficient, 2 is planks

constant, v is the frequency and Av is the incident pho-
ton energy.

Peak Position (cm 1) Functional group Vibrational Mode
1016 Bonding C-O Stretching
1431 Alcohols (-OH) Bending
1634 Bonding C=C Stretching
2949 -CH2 Stretching
3365 Water (C-OH) Stretching
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Fig. 5 - UV-Vis spectra of rGO nanosheet

The plot (aehv)? vs. hv extrapolating the straight
line to intercept on the horizontal photon energy axis
was found to be 1.92 eV as shown in Fig. 6.

4. CONCLUSION

The reduced graphene oxide (rGO) was prepared
using the modified Hummer’s method. The structure,
morphology, and optical properties of the sample
were
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CuHres 1 XapaKTepHUCTHKA KiJIBKAIIAPOBOIr0 BiITHOBJIEHOTr0 Ta MOSU(pPiKOBAHOIO METOIOM
XamMmepa HaHOJIHCTA OKCULy rpadeny
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JlocmimxeHHS IOKA3YIOTh, III0 CHHTE30BAHMI 34 JOIIOMOI0I0 MOIN(IKOBAHOI0 METOAY XaMMepa, a IOTiM
3a JI0IIOMOr0I0 TepMiuHoi 00pobru okcuy rpadeny (GO) mas BimHOBIeHUN Ookcuy rpadeny (rGO). ®azoBy um-
CTOTY T KPUCTAJIYHY CTPYKTYpPy cuHTe3oBaHoro rGO BU3HAUaM 32 TOIIOMOI0I METO/y PEHTTEeHIBCHKOI -
dpaxkmii (XRD), sxwuit nigrBepauB yTBOpeHHs BinHOBIIEHOTO OoKcuay rpadeny. Kpim Toro, pisasuus [Ileppe-
pa OyJI0 BUKOPHCTAHO IJISI PO3PAXYHKY CEPeIHBOr0 PO3MIPy KPHCTAJITIB. [H(ppadepBoHA CIIEKTPOCKOITIS 3
neperBoperusm Dyp’e (FTIR) 6yna Buropucrana st imeHTHDIKAIN] MOJIEKYISPHUX KOJIMBAHD 1 (DYHKILIO-
HAJIBHUX TPy, 10 miaTBepskye HasBHicTb 38's13kiB C=C 1 C-O y 3pasky. MopdoJiorito moBepxHi OTpUMAaHUX
3PAa3KiB JIOCIKYBAJIN 34 JOIIOMOTOK CKaHyHouoro egekrporHoro mikpockona (FESEM). Pesysiwsratu mocoti-
JPKEeHBb BKA3yTh Ha Te, 1o moBepxHs ymcra rGO e riankono. OnruyHl XapaKTepHUCTHKY BHMIPIOBAJIVCH 34
noriomoro Y ®-sunumoro criekrpomerpa. luprua 3a60poHeH0T 30HN 00YMCITIOETHCS 3a JIOTIOMOromw tauc plot
amauiay. Illupunra 3aboponenoi 3oHm craHoBmiIa 1,92 eB. V npomy mocimimskenHi 6yso 3pobeHO cIpody BH-
TOTOBUTHY BIIHOBJICHWI HAHOJIUCT OKCHAIY IpadeHy MoaudikoBaHUM METOAOM XaMMepa.

Kmouosi cnosa: Penrrenisebka qudpaxitis, Meron Xammepa, 3abopoHeHa 30HA.
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