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ABSTRACT

The present work shows a facile route for the preparation of graphene layers and for the first
time Zante currants extract used for the effective deoxygenation of graphene oxide has been reported.
Zante currants (ZC) extract reduce effectively GO into few layered structures of graphene (FLG).
The morphology of few layers graphene and graphene oxide (GO) were investigated by SEM and
TEM. Reduction effect on graphene oxide confirm by other technique like Raman, FTIR, XRD and
UV spectrophotometry. This procedure keep away the use of hazardous chemicals, thus providing
a new hope for large scale production of chemically reduced graphene.

Keywords: Zante currants (ZC), Graphene oxide (GO), Few layers graphene (FLG)
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INTRODUCTION

Graphene has attracted a great attention
of researchers in the current era of emerging
noanochemistry field due to its optical, electronic,
thermal, and mechanical properties'. Among
several methods “chemical reduction method” is
one of the well-known methods that has been used
extensively for the reduction of graphene oxide
(GO) to few layer graphene (FLG). Generally, it is
performed by applying some reducing agents like
hydrazine hydrate, hydrogen-bromide, p-toluene
sulphonic acid, and sodium borohydride®*. There

is no doubt it is the simplest process but, this
procedure has few drawbacks like, toxicity nature
of reducing agents as well as its cost.> Sometimes
formation of agglomeration of graphene layers
limit the implementation of this procedure. To avoid
all these drawbacks, many eco-friendly pathway
and bio-reduction procedures are being adopted,
where microorganisms or plants extracts perform
as deoxygenating agents®’.Therefore, it is more
beneficially to reduce GO by using natural based
reductants®. There are several studies in which natural
based reducing agents Ficus-carica®, vitamin C'°',
Gallic acid™, tea solution'®'4, bacteria'® and alanine'®
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have been utilized for this purpose. However, the
graphene oxide reacted by the above-dicussed
natural reductants without support of external
stabilizer generally shows agglomerated graphene
layers, so the applications of these green procedure
have not been completely satisfactory. Thus,
extensive investigation is still required to design,
cost effective green reducing agent, environmental-
friendly, to produce graphene on large-scale.

Keeping in view, of all the above discussed
issues and agents of reduction of graphene oxide,
we have chosen a natural based reducing agent:
Black raisins which is scientifically known as Zante
currants. Zante currants is actually a good source
carbohydrate, containing mainly reducing sugars
like glucose and fructose'” '8, anthocyanins'® as
well as large no of polyphenolic compound?.
These functionalities have enough potential to
reduce graphene oxide®2'22, Out of these reducing
sugars may be responsible for reduction of GO due
to higher percentage present in Zante currant?'.
Reducing sugar itself and their oxidized outcomes
are environmentally friendly. Latter also act as a
capping reagent in stabilizing few layers graphene
in aqueous suspension.

In this short piece of work, we investigated
the deoxygenating ability of Zante currant for
the reduction of GO through green method. The
morphology and structure determination of GO and
FLG were characterized by XRD, SEM, TEM and
Raman, FT-IR, UV-Vis, spectroscopy respectively.

MATERIALS AND CHEMICALS

Chemicals and solvents were of analytical
grade. Graphite powder, hydrogen peroxide,
potassium permanganate, sulphuric acid, nitric acid
and ethanol were purchased from Sigma Aldrich.
Zante currants and cellulose membrane were
purchased from the market. All the solutions were
made using de-ionized (DI) water.

Synthesis of Zante currants Extract

Initially 200 g of ZC were saturated in
300 mL deionized water for 30 min. at 95°C.Then, the
extracted solution of ZC was sieved through cellulose
membrane (0.45 pym) under suitable conditions to
remove impurity.
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Synthesis of GO

Synthesis of GO was developed by using
well known method (Hummers method). In this
method, initially a mixture of HNO, (5 mL) and
graphite flakes (2.0 g) was prepared in which conc.
H,SO, (70 mL) was added and the solution was
left for cooling in ice bath. After cooling, six equal
portions of KMnO, (2 g at every 15 min.) was added
slowly at the temperature of less than 5°C. Resulting
mixture was put on stirring for 60 min. in a water bath
at 35°C and very slowly 100 mL of water was added
that increase the temperature up to 100°C. Outside
heating was implicated only up to 10 min. to maintain
the temperature 100°C, and the solution was cooled
in a water bath. Furthermore, after gap of 20 min. 300
mL of water was poured to produce another exotherm.
Finally, after 24 h 3 mL of 30% H,O, was added at room
temperature and the resulting mixture was imperilled
to centrifugation, multiple washing and vacuum drying
that resulted into 900 mg of solid Graphene oxide.

Reduction of graphene oxide by Zante currants
Extract

100 mL of deionized water was added
to 100 mg of GO to make aqueous suspension
and sonicate the solution at least for 1 hour. Then
100 mL of prepared ZC extract and 10 mL of ammonia
solution was added slowly into the solution and kept
the mixture in a thermostatic bath at 95°C for 48 h
that resulted in dark black suspension comes out
which confirms the formation of few layer graphene.
Then, multiple washing was done with deionized
water and three times by ether respectively, to
eliminate any impurities of Few layers graphene.

Characterization of the Prepared Samples
Perkin Elmer FT-IR Spectrometer was
used for recoding the IR spectra of GO and FLG on
KBr pellets and values are given in cm™, with the
aid of X-ray diffraction (Rigaku Corporation, Tokyo,
Japan) operating at 40 kV and a current of 30 mA
with Cu Ka radiation (i = 1.54 A) with the scan rate
of 4 degree/min. the crystal structure of the GO and
FLG were investigated®*. Perkin EImer Lambda 35
(Perkin Elmer Life and Analytical Sciences, CT, USA)
in the wavelength range of A200-800 nm was used
for recording the UV-Vis. spectra of GO and FLG.

While Raman spectra was determined by
LabRAM (HR800, JY). Morphological structure was
determined by Field Emission Scanning Microscope
(SIGMA VP) Zeiss, Germany and HR-TEM (F30
S-Twin) Technai.
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RESULTS AND DISCUSSION

X-ray Diffraction analysis of Graphite GO and FLG

We characterized the graphite, GO and
FLG by XRD for the determination of dispersion of
graphite sheets and reduction of GO into FLG. As
shown in Fig. 1 the diffraction peaks of graphite and GO
were found at 20 = 26.5° and 20 = 11.3°,2%?* however,
after the GO was reduced to graphene nanosheets,
the diffraction peak of FLG appeared at 26=22.3° %
Fig.1 . Furthermore, in case of GO the d-gaping of
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0.79 nm was observed which is more in comparison to
pristine graphite d-spacing (0.34 nm), due to addition of
oxygen functionalities in graphite layers. These results
demonstrate that initially graphite was in compact
form and then GO sheets were individually dispersed
and this dispersion was vanished after reduction as
the peak positioned at 11.3° vanished, confirmed the
reduction of GO with d-spacing 0.38 nm. This clearly
shows the removal of oxygen functionalities from GO,
lead honeycomb network which confirm the formation
of graphene nanosheets?2.
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Fig.1. The XRD patterns of graphite, GO and FLG

Raman analysis

The Raman spectrum of GO shows two
bands G and D at 1605 cm ' and 1353 cm™ which
arises due to Ezg phonon of the sp? C atoms and the
breathing mode of k point phonons of A1g symmetry,
respectively Fig. 2 . In case of FLG, the G band was
slightly shifted from the position of GO and observed
at 1600 cm™" Fig. 2. While the D band shows the sign
of disorder, which appeared due to few defects like
grain boundaries, vacancies and amorphous carbon
species?%. In addition, the intensity proportion
of the D and G bands indicates the quality of the
product as the band intensity ratio, ID/IG, increased
from 0.86 (GO) to 0.96 (FLG). These changes are
well supported by the available literature®=°. Two
bands were observed at 2688 cm™* and 2900 cm™'.
First band called as 2D band appears at 2688 cm™,
which tells about of graphene layers number. Here,
the broad band observed, which confirms that the
prepared FLG contains some defects. D—-G peak
combination create a second order peak called as
S3 band appears at (2900 cm™)3'. The increased in
ID/IG ratio and complete development of 2D and
S3 band in FLG confirms better graphitization®'.
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Fig. 2. The Raman spectra of GO and FLG

FT-IR analysis

The prepared GO and FLG were also
analysed by FTIR spectroscopy revealed in Fig. 3.
The FTIR spectrum of GO shows a strong absorption
band at 1714 cm™ due to the C=0 stretching of the
carbonyl group and other broad band at 3408 cm
due to the O—H stretching mode. Besides, very
strong bands at 1629 cm' due to the C=C stretching
band and 1048 cm due to the C-O stretching
(epoxy or alkoxy) were observed?'. While in case of
FLG, these characteristic absorption bands were
missing or dramatically decreased which indicates
the reduction of GO?'%2,
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Fig. 3. FT-IR spectra of GO and FLG

UV-Vis Spectrophotometry Analysis

The UV-Vis spectrum of GO and FLG
are present in Fig. 4. Graphene oxide shows
two absorption peaks appears at 233 and 368
nm. Peak at 233 nm refers to (rn-n* transition of
C=C bond) which transfer to 260 nm in FLG due
to deoxygenation of graphene oxide as well as
rebuilding of the conjugated aromatic structure®34,
A bump appears at 320 nm in GO be accredited
to n-n* transition of C=0 bond®. This bump

2835

dis-appeared when ZC reduces GO in spectrum of FL,
Deoxygenation process is also confirmed by change

in colour of solution from dark brown to black.
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Fig. 4. UV-Vis spectra of GO and FLG

Morphological Characterization

The morphology of GO and FLG were
examined by FE-SEM and TEM with SAED
techniques. The FE-SEM images obtained for
GO and FLG are shown in Fig. 5(a), (b and c)
separately. It can be clearly seen from Fig. 5(a) that
GO sheets are exfoliated to each other and in case
of Fig. 5(b), flower petals and sheet-like morphology
with a micro meter size is clearly observed that
confirms the reduction effect®*®. The morphological
characteristics of FLG were further investigated
by TEM as well as HRTEM images with selected
area electron diffraction (SAED) measurements in
Fig. 6(a) (b), (c) and (d) respectively. The
HR-TEM image of FLG demonstrates the formation
of transparent layered graphene due to the reduction
and SAED image proves a symmetric six-fold pattern
with corresponding Miller-Bravais indices which
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Fig. 5. SEM images of (a) GO and (b) FLG respectively
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CONCLUSION

Finally, Zante currant considered as a
natural reductant for the deoxygenation of graphene
oxide. The GO and FLG were well characterized
by some physical and chemical techniques. The
irreplaceable advantages of ZC extract over
chemical reduction method are environmentally
friendly, facile synthesis of reduction, cost-effective,
efficient reduction of GO. The reported procedure
has outstanding reproducibility due to its simple
procedure. Finally, Few layers graphene.
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