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Commercial flakes of graphite were prepared into functionalized graphene oxide (GO) by chemical treatment. After the exfoliation
and intercalation of graphene into functionalized graphene oxide that formed stable colloidal dispersion in polar aprotic solvent,
the reduction process was undertaken by continuous stirring with hydrazine hydrate. The reduced material was characterized by
X-ray diffraction (XRD), attenuated total reflectance (ATR) FT-IR, ultraviolet visible (UV-vis), atomic force microscopy (AFM)
and Raman spectroscopy which confirm the oxidation of graphite and reduction of graphene oxide into graphene sheet.

1. Introduction

Graphene is a single two-dimensional carbon sheet with
the same structure as individual layers of graphite packed
into a hexagonal pattern. As a one atom-thick planar sheet
of sp>-bonded carbon atom, graphene has received much
attention in the recent years in materials science due to
unusual properties, such as a half-integer quantum hall effect
and ballistic and extraordinary electron transport [1]. Pre-
cisely, grapheme-based assemblies are also gaining attention
because of their potential in designing electronic, sensing,
and energy conversion devices [2-6]. Graphene oxide (GO)
synthesized from chemical oxidation of graphite provides
a simple and convenient method to obtain exfoliated, two-
dimensional carbon sheets [7]. Graphene nanoplatelets can
also be used in many applications, given the excellent in-
plane mechanical, structural, thermal, and electrical prop-
erties of graphite [8]. These excellent properties may be
relevant at nanoscale if graphite can be exfoliated into thin

nanoplatelets and even down to the single graphene sheet
level [9].

Graphite nanoplatelets have often been made from
expanded graphite, which in turn was produced from
graphite intercalation compounds by rapid evaporation of
the intercalant at elevated temperatures [10]. However, this
simple method has been applied on a large scale to com-
mercially available sulphuric acid-intercalated graphite; it
never resulted in complete exfoliation of graphite to the level
of individual graphene sheets [10]. The extent of thermal
expansion (and therefore the platelets thickness) is dependent
on the type of graphite used and the intercalation procedure
[11,12].

Oxidation diminishes graphene’s excellent conducting
properties, so reduction of GO is desirable in order to
partially restore its sp® network [13]. Reduced graphene
oxide (RGO) can be produced through chemical [13-15],
sonolytic [16], microwave [17, 18], photo thermal [19, 20],
photo catalytic [21-24], and electrochemical methods [25,



26]. Graphene oxide is a hydrophilic derivative of graphene
to which biological micromolecules readily attach. GO has
properties superior to those of amorphous carbon films com-
monly used in electron microscopy [27]. However, though
hydrophobic, graphene can be functionalized using chemical
processes, thereby producing hydrophilic substrates to which
molecules can readily attach.

Chemical reagents are critical to the reduction of GO, no
matter in the solid phase or liquid state [28, 29]. It is therefore
critical to choose the method of synthesizing graphene taking
into account its intended ultimate application. The intro-
duction of chemical reagents is a significant disadvantage
because the intrinsic response of graphene to trace analyte
may be masked by the signals caused by impurities [27].
In this study, we present the synthesis and characterization
of graphene thin films by chemical reduction of exfoliated
and intercalated graphite oxide. Graphene oxide and reduced
graphene oxide obtained were characterized by XRD, FT-IR,
UV-vis AFM, and Raman spectroscopy.

2. Experimental

2.1. Materials. Sulphuric acid, hydrochloric acid, and hydro-
gen peroxide potassium permanganate used in this study
were purchased from Sigma-Aldrich South Africa. Flake
graphite powder and hydrazine hydrate were imported
from Germany. Filter paper qualitative advantec 90 mm was
bought from Toyo Roshi Kaisha Ltd. in Japan. Vacuum pump
VDE 0530/72 B/IP44 at 220V, 0.75Kw, 13501/min 50 Hz,
CB = 32 microfarad/400 V was obtained from vacuum pump
South Africa.

2.2. Synthesis of Graphene Oxide (GO) and Reduced Grapheme
(RGO). Graphite was subjected to an oxidative treatment
with potassium permanganate (KMnO,) in concentrated
sulphuric acid (H,SO,) [30]. Natural flake graphite powder
(2.0g) was weighed and placed in a round bottom flask,
46 mL of concentrated sulphuric acid was added and the
mixture cooled in an ice bath, and 6.0 g of potassium perman-
ganate (KMnO,) was gradually added over a period of 30 min
with continuous stirring. The mixture was stirred at 35°C for
2 hours, then 92 mL of distilled water was slowly added to the
mixture, and the temperature was maintained below 100°C
for 15 min. Finally, 280 mL of 30% hydrogen peroxide (H,0O,)
solution was added to the mixture. The product was finally
filtered with 500 mL of 10% hydrochloric acid (HCI) solution
to remove metal ions and then thoroughly washed with
distilled water. Brown pasty material of GO was obtained. GO
(3.0 g) was weighed to make colloidal dispersion in distilled
water with continuous stirring in a microwave oven at a
temperature of 35°C. A solution of hydrazine hydrate (H,0,)
that weighed 10% of the GO dispersed in water was added as
a reducing agent and stirred for 3 hrs. After this, the filtrate
turned from brown to black and was filtered to obtain a black
pasty material of grapheme [30].

2.3. Sample Preparation. Sonicated small amounts of col-
loidal dispersions of GO and RGO were dropped on a silica
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oxide thin glass substrates and left to dry overnight at room
temperature. The silicon oxide substrates were cleaned by
exposing the substrates in acetone and then sonicated for
5 min and left to air-dry.

2.4. Characterization. Attenuated total reflectance (ATR)
Fourier transform infrared (FT-IR) spectra were recorded on
a Perkin Elmer Spectrum 100 spectrometer in the 4000-500
region. Powder X-ray diffraction (XRD) spectroscopy was
carried on a Brucker-D 8 advance, GER X-ray diffractometer
using Cu Ko irradiation (wavelength = 1.5406 A). The operat-
ing voltage and current were 40 kV and 300 mA, respectively.
The thickness and morphology of the as-prepared samples
were determined by atomic force microscopy (Nanoman V
AFM). The ultraviolet visible (CE 2021, 2000 series) was
also used to further confirm the oxidation and reduction of
graphite and graphene oxide. Magnified optical microscope
M-service 470 majmf with 2000 magnification was used.
The Raman spectra were obtained by a Raman spectro-
scope, Jobin-Yvon HR800 UV-VIS-NIR Raman spectrometer
equipped with an Olympus BX 40 attachment. The excitation
wavelength was 514.5 nm with an energy setting of 1.2mV
from a coherent Innova model 308 argon-ion laser. The
Raman spectra were collected by means of back scattering
geometry with an acquisition time of 50 seconds.

3. Results and Discussion

The treatment of graphite with potassium permanganate and
sulphuric acid produced brownish graphene oxide (GO) (Fig-
ure 1(a)). The GO readily forms stable colloidal suspensions
of thin sheets in water [31, 32]. After ultrasonic treatment,
the exfoliation process brings about stable dispersions of very
thin graphene oxide [33, 34]. Addition of hydrazine hydrate
as a reducing agent enables the graphene oxide sheets that are
homogenously dispersed in water to turn from brownish to
black, (Figure 1(b)) conforming the reduction of graphene
oxide to graphene with sheets that aggregate and ultimately
precipitate [33].

X-ray diffraction of graphene oxide and reduced
graphene oxide synthesized by chemical reduction of
exfoliated and intercalated graphite oxide is presented in
Figure 2. The spectra in Figures 2(a) and 2(b) show two peaks
corresponding to graphene oxide and graphene. The strong
peak at 260 = 11.6° corresponds to an interlayer spacing of
about 0.76 nm, indicating the presence of oxygen functional
group, which facilitated the hydration and exfoliation of
graphene sheet in aqueous media. After chemical reduction,
the hydrophilicity of water-dispersed GO sheet gradually
decreased, leading to an irreversible agglomeration of
reduced graphene oxide (RGO) sheet. The broad peak at
20 = 25.8° indicates a random pucking of graphene sheets
in the RGO. This peak is corresponding to 002 plane of
graphite with interlayer spacing of 0.34nm which is due
to the removal of oxygen atoms that got into the graphite
gallery during the intercalation process. This confirms the
reduction process of graphene oxide to graphene.
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FIGURE 1: (a) Brownish graphene oxide and (b) blackish reduced graphene oxide.
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F1GURE 2: XRD diffractogram of (a) graphene oxide and (b) reduced graphene oxide.

Fourier transform infrared (FTIR), attenuated total
reflectance (ATR) spectrum of graphene oxide and reduced
graphene oxide are presented in Figure 3. The spectrum
shows a peak of reduced graphene oxide representing O-H
stretching vibrations observed at 3400 cm ™" which was signif-
icantly reduced due to deoxygenation. The C=0O at 1720 cm ™"
in this spectrum is due to the mechanism of exfoliation
mainly because of the expansion of CO, evolved into the
interstices between the graphene sheets during rapid heating,
and the C-O stretching vibrations observed at 1060 cm ™" are
due to the remaining carbonyl groups after the reduction
process. The mechanism of exfoliation is mainly the peeling
of graphitic structure to pave the way for the entering of
oxygen during oxidation process. The peaks observed at
1220 to 1060 cm ™" are stretching vibrations on the graphene
oxide indicating skeletal vibrations from unoxidised graphitic
domain. So, the ATR spectra indicate that the bulk of
the oxygen-containing functional groups has been removed
from graphene oxide. This further confirms the reduction of
graphene oxide by chemical reduction.

Figure 4 shows the ultraviolet-visible spectra of reduced
graphene oxide and graphene oxide. The spectrum of
graphene oxide has an absorption peak at 230 nm which is
shifted to 270 nm in graphene. This is a red shift which is due
to the electronic configuration in graphene in the reduction of
graphene oxide. The absorption peak at 230 nm is attributed
to m-n" transition of aromatic C-C ring. The UV spectra
of reduced grapheme oxide on the other hand show the red
shift at 270 nm. This absorption peak is attributed to n-n*
transition of C-O bonds now embedded by exfoliation and
intercalation on the graphene.

The level of exfoliation was evaluated by atomic force
microscopy (AFM) as presented in Figures 5(a) and 5(b). The
AFM images show a three-dimensional AFM topography of
graphene oxide and reduced grapheme, respectively. The GO
sheets are expected to be thicker due to the presence of cova-
lently bonded oxygen and the displacement of sp hybridized
carbon atoms slightly above and below the original graphene
plane. The height difference between rows is 1nm in GO
and 1.2 nm in RGO indicating a single graphene oxide sheet
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FIGURE 4: UV-vis spectra of graphene and graphene oxide.

due to intercalating of oxygen into the graphite gallery. The
results reveal graphene oxide and reduced graphene oxide
were obtained in the synthesis.

The Raman spectrum is presented by Figures 6(a) and
6(b). It is well known that Raman scattering is very sensitive
to the microstructure of nanocrystalline materials. Figure
6(a) shows the Raman spectra of graphene oxide, while Figure
6(b) shows the Raman spectra of reduced graphene oxide.
A comparison of the spectra of graphene oxide with that of
reduced graphene oxide shows that the D and G bands of
graphene which are observed at 1355 and 1605 cm ™" shifted
to 1340 and 1586 cm ™", respectively. Simultaneously, relative
intensity of D/G was increased after hydrothermal reaction,
which is confirmed by Lambert et al. [29] and Stankovich
et al. [10]. This further confirms that graphene oxide was
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FIGURE 5: AFM topography of (a) graphene oxide and (b) reduced
graphene oxide in 3D.

reduced to graphene. The absence of the 2D band around
2726 cm™" after oxidation indicates that all graphite layers
have been oxidized. Two peaks around 1500 cm ™" (D and
G band) are essentially identical to the characteristic peaks
of graphene oxide. Therefore, oxidized expandable graphite
(EG) is the same material as graphene oxide (GO) made from
graphite.

4. Conclusion

In conclusion, we have demonstrated that commercial flake
graphite powder can be oxidized into graphene oxide and
reduced in graphene through exfoliation and intercalation
processes in polar aprotic solvents as evidenced by chem-
ical reduction method. The characterization of graphene
indicates that the chemical reduction method by hydrazine
hydrate treatment produces small yield. This is a big chal-
lenge; however, it results in unsaturated carbon atoms which
can be used in variety of applications such as gas sensing
since graphene properties can be significantly affected by
substances like hydrogen peroxide (H,O,). This oxidation
and reduction has been proved by a number of spectroscopic,
vibrational, and optical techniques which were undertaken
during this study.
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FIGURE 6: Raman spectra of (a) graphene oxide and (b) reduced graphene oxide.
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