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ABSTRACT

In this study, graphene oxide (GO) was synthesized from graphite powder using KMnO4 and a concentrated mixture of H2SO4/H3P0a.
The obtained GO was subsequently reduced using ascorbic acid. The ratios of H2S04 to H3PO4 and KMnOa to graphite powder were
kept constant. The synthesized GO and reduced graphene oxide (rGO) were evaluated using UV-visible spectroscopy, FT-IR
spectroscopy, XRD, SEM, and EDX. The findings showed that processing graphite powder with KMnO4 at 60 °C for 12 hours resulted
in a high degree of oxidation and minimal defects. Furthermore, ascorbic acid, an alternative to highly toxic hydrazine, aided in
eliminating oxygen-containing functional groups in the rGO. This study focuses on the properties of GO produced using the improved
Hummer's method, and the changes observed after chemical reduction.
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1. INTRODUCTION

GO and rGO, derived from graphene, have been extensively
studied because of their notable optical, electrical,
mechanical, and thermal properties. Graphene, a single two-
dimensional sheet of graphite, is seen as the precursor to
other carbon materials like carbon nanotubes and
fullerenes. GO and rGO have garnered significant attention
in the field of two-dimensional materials because of their
distinctive properties [1].

Furthermore, graphene derivatives (GO, rGO) and their
combinations with metals and metal oxides have sparked
research interest. These materials have demonstrated
effectiveness in various fields, including sensors, solar cells,
and water purification [2]. Moreover, graphene and GO
demonstrate significant potential in improving the
mechanical properties of high-temperature materials. Some
research has concentrated on examining the impact of GO
on metal alloys and ceramics, especially in high-
temperature conditions [3].

GO, a non-conductive hydrophilic carbon material is
typically obtained through the exfoliation of graphite using
strong oxidizing agents. The Hummers' method, which
involves the use of KMnOs, NaNOs3, and H2S04, is the most
commonly used procedure for preparing GO [4]. However,
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it is often necessary to restore the conductivity of GO and
transform it into a conductive graphitic material. This can
be accomplished through chemical reduction, such as
converting to chemically altered graphene [5]. Researchers
are actively working on improving these processes by
minimizing the use of toxic materials, reducing the release
of toxic gases, minimizing the risk of explosion, and
minimizing defects in the resulting graphitic structure [6].

One improvement involves using ascorbic acid instead of
hydrazine to reduce GO to rGO. Hydrazine and ascorbic acid
operate through different mechanisms and have distinct
properties in the reduction of graphene oxide. Hydrazine, a
common antioxidant, typically forms hydrazone with
carbonyl groups and is widely used in industry despite its
high toxicity. When used to reduce graphene oxide, it results
in highly hydrophobic graphene with a low oxygen content.
The reduction mechanism involves a direct nucleophilic
attack of hydrazine on an epoxide group, leading to a series
of transformations and the formation of a double bond [7].
In contrast, ascorbic acid is a safe and common essential
nutrient exhibiting antioxidant properties. The reduction
mechanism of ascorbic acid involves a two-step Sn2
nucleophilic reaction followed by a thermal elimination,
resulting in the conversion of graphene oxide to reduced
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graphene oxide. Ascorbic acid also has the advantage of
achieving a similar level of reduction as hydrazine without
the associated toxicity [8]. Additionally, as ascorbic acid
only contains carbon, oxygen, and hydrogen, it minimizes
the risk of introducing foreign atoms into the reduced
products that were not initially present [9].

In addition to the usage of ascorbic acid instead of
hydrazine, an improved Hummers’ method will be
employed. Unlike the original Hummers' method, which
uses KMnOs, NaNO3s, and H2S03, this method omits NaNO3
and increases the KMnO4 quantity. It has been shown to
produce chemically converted graphene with similar
electrical conductivity to the original method, without
generating toxic gases and while maintaining an easily
controlled temperature. This improved synthesis method
may be advantageous for large-scale GO production and
subsequent manufacturing of graphene derivative-based
devices [6].

The objective of this study is to create well-oxidized GO
from graphite powder, utilizing the improved Hummers'
method, followed by reduction wusing safe and
environmentally friendly chemicals i.e., ascorbic acid. The
GO and rGO are characterized using various spectroscopic
and analytical techniques to determine the efficacy of the
oxidation, exfoliation, and reduction process.

2. METHODOLOGY
2.1. Materials

Materials: Graphite powder (<20 um), and L-ascorbic acid
(>98%) were purchased from Sigma-Aldrich (St. Louis,
USA). KMnO4 (99%) was purchased from Chemiz (Shah
Alam, Malaysia). Barium chloride dihydrate (>99%) was
purchased from Biobasic (Markham, Canada).

2.2. Preparation of Graphene Oxide

GO was synthesized using the improved Hummers' method.
Graphite powder (1.8 g, 1 wt. equivalent) and KMnO4 (9.6 g,
5 wt. equivalent) were added to a cold mixture of
concentrated H2S04/H3P04 (180:20 mL) in a 9:1 ratio. For
the exfoliation of graphite in this study, the specific ratios of
reactants i.e., H2S04:H3P04 = 9:1 v/v, and graphite powder:
KMnO4 1:5 w/w are taken as they have been
demonstrated to induce a high degree of oxidation with low
defects [10]. The mixture was heated to 50 °C with stirring
for 12 hours. Afterward, it was cooled to room temperature
and 500 mL of cold de-ionized (DI) water was added to halt
the reaction. 5 mL of 30% H202 was added to the mixture.
After letting the solid material settle, the supernatant was
decanted. The remaining solid was then washed with 5%
HCI until SO4?- ions were removed completely (1 M barium
chloride solution no longer produces a white precipitate in
the supernatant). The solid material was subsequently
rinsed with DI water (3x) and ethanol (2x). The material
was then dispersed in 1.5 L of DI water, and this dispersion
was stirred for 12 hours at 60 °C. Finally, the material was
dried at 60 °C for 24 hours, resulting in a brown-black
sample.
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2.3. Preparation of Reduced Graphene Oxide

Firstly, 0.2 g of GO solid was ground into a powder using a
mortar and pestle. This powder was then dispersed in 200
mL of DI water and stirred for 12 hours at 60 °C. Following
this, 2 g of ascorbic acid was added to the dispersion and
stirred for an additional 30 minutes at the same
temperature. The resulting black product was collected by
centrifugation and then washed with DI water (3x) and
ethanol (2x). Finally, the material was dried at 60 °C for 24
hours, yielding a black sample.

3. RESULTS AND DISCUSSION

During the oxidation of graphite, oxygen binds to the
graphene layers. This increases their solubility and polarity
in water, causing the solution to change color from yellow
to brown. The intensity of the brown color is dependent on
the concentration of GO. It has been shown that well-
oxidized GO exhibits an absorption maximum of 225 nm
[11]. In Figure 1, the produced GO (blue curve) exhibits a
maximum absorption peak at approximately 226 nm due to
the m-m transition of the atomic C=C bonds [12]. The
reduction of GO was observed using UV-visible
spectroscopy. In Figure 1, the peak of rGO (red curve) was
observed at 238nm after reduction with ascorbic acid. The
shift in absorption from 226 to 238nm suggests the
restoration of electronic conjugation within the graphene
sheets following reduction. [13].

UV-visible spectra of GO and rGO
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Figure 2. FTIR spectra of GO and rGO
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FTIR spectroscopy was utilized to examine the functional
groups in GO and rGO. The FTIR spectrum of GO, illustrated
in Figure 2, exhibits broad peaks within the 1700-1200 cm-
1 range. This indicates the presence of oxygen functional
groups like carboxyl, hydroxyl, and epoxy groups [14]. The
intensity of these peaks decreases when GO is reduced to
rGO, due to the removal of oxygen functional groups. In the
FTIR spectrum of rGO, a weak peak is typically observed
around 1600-1500 cm, corresponding to sp2-hybridized
carbon atoms [15, 16].

FTIR spectroscopy was employed to assess the introduction
of oxygen-containing functional groups into the carbon
lattice. The GO spectrum displayed modes typical of oxygen-
containing functional groups. A wide peak at 3253.75 cm!
pointed to the presence of carboxylic acid v(0-H) caused by
intercalated water [17, 18]. The v(C=C) peak at
approximately 1,621.42cm-! indicated the presence of
unoxidized graphitic domains [19]. The peak at 1361.44 cm-
1 is attributed to v(C-OH) stretching vibrations [20].
Additionally, v(C-0) vibration modes were observed at
1,054 cm1[12].

When converting GO to rGO, the number of functional
groups decreases significantly. Specifically, the reduction
process noticeably reduces the peaks associated with
oxygen-containing functional groups, although not
completely, suggesting the possibility of achieving a higher
level of reduction. However, the peak corresponding to the
C=C functional group remained relatively intact. This
decrease in peak intensity aligns with observations made
using UV-visible spectroscopy.
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Figure 3. X-ray diffraction patterns of GO and rGO

X-ray diffraction (XRD) patterns were documented for both
GO powder and rGO powder. Following the oxidation of
graphite, a diffraction peak for GO was detected at 26 =
11.4546°, which corresponds to a layer-to-layer distance of
0.772 nm. This result aligns with existing literature [6, 21],
indicating the appearance of oxygen-containing functional
groups such as epoxy, carboxyl (-COOH), hydroxyl groups,
and inserted H20 molecules. The peak is associated with the
(0 0 2) crystallographic plane of GO. Further, a low-intensity
peak at 42.5° is indexed to the (1 0 0) plane of graphite [22].

The reduction of GO is demonstrated by XRD analysis. In
Figure 3, the diffraction peak of rGO (26 = 11.5400°) has
shifted from that of GO, indicating a layer-to-layer distance
of 0.766 nm. This change suggests that the interlayer
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distance of rGO slightly decreased after reduction due to the
rGO sheets having fewer oxygen-containing functional
groups. Moreover, a broad, weakly resolved peak around
25°, corresponding to the (0 0 2) plane of graphite, is also
observed. This peak is reported to be the strongest peak in
well-reduced and exfoliated graphene sheets [23].

The minor change in the diffraction peak from the (0 0 2)
crystallographic plane of GO to rGO, and the weak peak
formation around 25° indicates that while there is a
chemical reduction of GO, the restoration of conjugation of
graphene sheets is not significant [22]. Similar to the slight
shift in the UV-visible absorption peak and the modest
reduction of FTIR peak intensities, this could be attributed
to inadequate reduction and/or the agglomeration and
restacking of rGO sheets. The XRD pattern of rGO also
exhibited some irregularities, with small peaks observed at
37.9° 44.2° and 64.6°. These peaks may be attributed to the
presence of trace amounts of aluminium in the rGO powder.
In particular, the observed peaks can be directly associated
with the (11 1), (2 00),and (2 2 0) crystallographic planes
of aluminium [24].

UTAR-SEM 15'9k\ 5.8mm X5.00k SE :
Figure 4. SEM images of (a) GO and (b) rGO flakes 1maged at 5k
magnification

The morphology of GO before and after reduction was
characterized by Scanning Electron Microscopy (SEM), as
shown in Figure 4(a)-(b). GO exhibits a crinkly surface with
stacked structures, where darker areas indicate the
presence of oxygen functional groups [25]. In contrast to the
irregular curved edges and folded surface of GO, the rGO
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sample shows a lesser degree of stacking, likely due to the
delamination of structures during the reduction process.
Furthermore, the rGO samples display smaller particle
sizes, which are attributed to the reduced interlayer spaces
caused by oxygen-containing functional groups [26]. The
elimination of these groups leads to rGO particles with
increased roughness and sharper edges [27].

Table 1. Elemental composition of GO and rGO

Mass Mass Atomic Atomic
Samp Percenta Percenta Percenta Percenta
le ge of ge of ge of ge of

Oxygen Carbon Oxygen Carbon
GO 47.30% 52.70% 40.26% 59.74%
rGo 37.84% 62.16% 31.37% 68.63%

Table 1 presents a comparison of the mass percentage and
atomic percentage of oxygen and carbon atoms in both GO
and rGO powders. This data was obtained from Energy
Dispersive X-Ray (EDX) analysis. As GO is reduced to rGO,
the percentage of oxygen decreases, and the percentage of
carbon increases. The EDX results in Table 1 display the
elemental composition of GO and rGO powders, with carbon
and oxygen being the main elements detected. The mass
percentage of oxygen in GO and rGO powders, relative to the
total mass of carbon and oxygen atoms, was estimated to be
47.30% and 37.84%, respectively. Similarly, the atom
percentage of oxygen in GO and rGO powders was estimated
to be 40.26% and 31.37%, respectively. These results
support the observations made using the previously
discussed characterization techniques. EDS spectroscopy
directly measures the change in oxygen content, indicating
that ascorbic acid partially reduced GO to rGO.

Table 2. Electrical conductivity of GO and rGO dispersions

Conductivity
Sample
P (1S/cm)
GO ~182.0
rGo ~69.4

Dispersions of GO and rGO were prepared at 1 mg/mL by
sonicating the respective powders in DI water and then
tested using a conductivity meter. Initially, the DI water
used to prepare the dispersions was found to have a
conductivity of approximately 1.9 uS/cm, serving as a
reference point. Subsequently, the conductivities for the GO
and rGO dispersions were recorded in Table 2. Both
dispersions show higher conductivities than pure water,
thus demonstrating their electrical conductivity properties.

From previous characterizations, it is evident that the
degree of reduction from go to rgo is modest. This leaves
some residual oxygen functional groups that hinder charge
carrier mobility and decrease the overall conductivity of rgo
[28]. Additionally, rgo sheets may agglomerate or restack
more than go sheets due to van der waals interactions [29,
30], reducing the effective surface area for charge transport.
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This could be exacerbated by inadequate exfoliation of go
before the reduction process. Consequently, the dispersion
quality of rgo might be inferior to that of go, leading to a
non-uniform distribution of rgo powder in the solvent and
creating localized areas of low conductivity [31, 32]. This
issue can counteract the improvements in electrical
conductivity achieved by removing oxygen-containing
functional groups. These findings clarify that the electrically
conductive properties of go and rgo depend not only on the
degree of reduction but also on a complex interplay of
factors that ultimately determine the restoration of m-
conjugation within the graphitic structure.

4. CONCLUSION

In conclusion, this study successfully produced GO from
graphite powder by employing the improved Hummers'
method. The GO was then reduced to obtain rGO using
ascorbic acid. The characterization of both GO and rGO was
performed using various analytical techniques, including
UV-visible spectroscopy, FTIR spectroscopy, XRD, SEM, EDS,
and conductivity probing. The results show that using
KMnOs to oxidize graphite powder at 60°C for 12 hours
produces GO of good quality and minimal defects. The
following reduction process using ascorbic acid aids in
eliminating oxygen-containing functional groups in the rGO,
thereby reinstating electronic conjugation within the rGO
layers.

UV-visible spectroscopy verified the successful reduction of
GO to rGO, as indicated by the shift in absorption peaks from
226 nm to 238 nm. Meanwhile, FTIR spectroscopy showed
the presence of oxygen-containing functional groups in GO,
which decreased in intensity upon reduction to rGO. XRD
analysis demonstrated a slight decrease in interlayer
distance and the restoration of graphene-like
characteristics in rGO compared to GO. SEM images showed
the morphological changes from stacked structures in GO to
delaminated structures in rGO, with increased roughness
and sharper edges. EDS analysis further corroborated the
reduction process. It showed a decrease in the percentage
of oxygen and an increase in the percentage of carbon in rGO
compared to GO. Conductivity measurements were
conducted to determine the electrically conductive and
dispersion properties of GO and rGO. This helped to
elucidate the effects of the chemical reduction of GO.

In summary, this study offers insights into the synthesis and
characterization of GO and rGO. The improved Hummers'
method, along with the use of ascorbic acid as a reducing
agent, presents the potential for producing well-oxidized
GO with minimized defects and a safe, environmentally
friendly reduction process. Further research can focus on
optimizing the reduction process to achieve higher levels of
restoration of graphene-like properties in rGO.
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