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Synthesis of mono layer graphene oxide from sonicated
graphite flakes and their Hall effect measurements
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Graphene, a single atom thick sheet is considered a key candidate for the future nanotechnology, due to its unique extraor-
dinary properties. Researchers are trying to synthesize bulk graphene via chemical route from graphene oxide precursor. In the
present work, we investigated a safe and efficient way of monolayer graphene oxide synthesis. To get a high degree of oxidation,
we sonicated the graphite flakes before oxidation. X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR)
results confirmed graphene oxide formation and high degree of oxidation. Raman spectroscopy and atomic force microscopy
(AFM) results revealed a monolayer of graphene oxide (GO) flakes. The sheet like morphology of the GO flakes was further
confirmed by scanning electron microscopy (SEM). The Hall effect measurements were performed on the GO film on a silica
substrate to investigate its electrical properties. The results obtained, revealed that the GO film is perfectly insulating, having
electrical resistivity up to 8.4 × 108 (Ω·cm) at room temperature.
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1. Introduction
Graphene, a monolayer planar sheet of densely

packed carbon atoms in a honey-comb like crys-
tal structure, has brought a radical revolution
in electronics and nanoscience due to its out-
standing electrical, mechanical, ballistic transport
properties, chemical inertness, and transparent
nature [1–6].

Scientists are trying to get single layer graphene
sheets on an industrial scale. But there are some
potential barriers to overcome before we will be
able to get the full range of advantages from this
magical material. The main issue is to commer-
cialize it industrially as a high quality product. So
many efforts have been done for this purpose and
various techniques have been developed, such as
the bottom-up approach, chemical vapor deposi-
tion (CVD), epitaxial growth on SiC substrate, arc
discharge and chemical route [7–10]. In the top-
down approach, chemical exfoliation and mechan-
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ical exfoliation via adhesive scotch tape processes
has been reported [11, 12] .

Chemical route is one of the possible ways
to get graphene in bulk quantity. Chemical route
for graphene synthesis is the most appropriate
way for composites applications. For the first time
Brodie [13] studied the chemical exfoliation of
graphite in the mid of 19th century through the ad-
dition of nitric acid to a mixture of potassium chlo-
rate and graphite. Then, Staudenmaier [14] contin-
ued the efforts and got reasonable results. In 1958
Hummer [15] used potassium permanganate and
sulphuric acid to oxidize graphite into graphene ox-
ide successfully.

Various efforts have been done so far to apply
graphene for different applications, including fuel
cells, lithium ion batteries and biomedical applica-
tions [16–18].

Graphene oxide is obtained by chemical exfoli-
ation which is further used as a precursor for var-
ious composites, through different routes, such as
sol gel, co-precipitation and hydrothermal synthe-
sis [19–21]. To date main focus has been made to
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get single or bilayer GO sheets and high degree of
oxidation to get improved properties of compos-
ites. Sun and Fugetsu [22] recently demonstrated
pre-sonication techniques coupled with Hummer
route [15] to get high oxidation of graphite into
a large area of GO sheets. But in this method
the authors used commercial expanded graphite
flakes, which may not be feasible on industrial
scale production. The electrical properties of GO
should be explored, for targeted application in var-
ious areas. As far as single graphene sheet is con-
cerned, its conductivity is intensively studied the-
oretically [23] and experimentally [24–26]. Re-
cently, some work has been done to study the con-
ductivity of GO and its derivatives [27, 28].

In this work, we prepared graphene oxide by
two step approach. Graphite flakes were sonicated
in acetic acid before oxidation for pre-expansion,
and then the mixture of two acids was used for good
acidification before oxidation. We revealed after
analyzing the data obtained from different charac-
terization techniques that most of the flakes of GO
formed a single layer. Also the XRD data showed
the high degree of oxidation for this novel method.
The Hall effect measurements provided the evi-
dence about the insulating nature of GO.

2. Experimental

2.1. Materials

Sulphuric acid (H2SO4) (98 %), hydrochloric
acid (HCl), acetic acid (100 %) all of analytical
grades and graphite flakes (20 µm) were provided
by Sigma Aldrich. Nitric acid was purchased from
Fisher Scientific and potassium permanganate from
Sharlau Chemicals. All the chemicals were used as
received.

2.2. Synthesis of GO

2 g of graphite flakes were put into a 500 ml
beaker and 20 ml of acetic acid was added. Sonica-
tion was continued for 5 hours at room temperature
and then the stuff was washed with deionized water
for five times to get neutral pH. Sonicated graphite
platelets were dried for 10 hours at 80 °C.

Then, these sonicated graphite platelets were
taken into a flask, and a mixture of H2SO4 (30 ml)
and nitric acid (10 ml), in a ratio of (3:1), was
added and slowly stirred for 1 hour. Potassium per-
manganate (KMnO4) of mass 6 g was added to the
mixture slowly and vigorously stirred for 1 hour.
When the yellow vapors ceased, the mixture was
diluted with 100 ml warm water and left for 3 days
stirring. The yellowish paste obtained was diluted
with 200 ml water containing 2 ml hydrogen perox-
ide (H2O2) to stop the reaction. After decantation
for 12 hours the cake obtained was washed for two
times with HCl and then thoroughly with distilled
water until pH = 7 was achieved. The dark brown
paste was dried in a vacuum oven for 24 hours to
get solid GO.

3. Characterizations
The XRD pattern of the GO was taken with a

STOE Theta/Theta Diffractometer, using Cu–Kα

source in the range of 2θ from 8 to 80 degrees.
The GO sheet thickness was measured in a tap-
ping mode with a JEOL (JSPM-5200) scanning
probe microscope and the morphology was fur-
ther confirmed by scanning electron microscope
(JSM 6490A). Chemistry of the GO sheets was
studied by Fourier transform infrared spectroscopy
(Nicolet 6700).

Hall effect measurements were performed using
Ecopia HMS-5000 system. The GO film was care-
fully deposited by a simple drop casting method so
as to obtain a smooth film. The film formed was
nearly transparent. The film thickness was mea-
sured with a 3D optical profilometer for electrical
measurements.

4. Results and discussion
4.1. Oxidation of graphite

In Fig. 1, XRD spectra are shown for both the
starting material (graphite) and GO. The two peaks
which can be seen in the pattern, the principal peak
at 26 degrees and a minor peak at 54 degrees in
the spectrum (A), confirm graphite structure of the
starting material [29]. The sharp peak at 10 degrees
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in spectrum (B) corresponds to (002) plane of in-
terlayer distance of 6.7Å. The high intensity single
peak confirms successful oxidation of graphite into
GO [30–32].

Fig. 1. XRD spectrum of graphite (A) and GO (B).

4.2. Functional group analysis of GO
The FTIR spectrum obtained in frequency range

from 1000 cm−1 to 4000 cm−1 is shown in Fig. 2.
The broad peak beyond 3000 cm−1 can be at-
tributed to O–H stretching vibration, the small peak
at 1740 cm−1 represents C=O group, the C–H
stretching appears at two peaks corresponding to
2851 cm−1 and 2924 cm−1. The peak at 1389 cm−1

refers to C–N stretching, while the 1034 cm−1 peak
can be attributed to C–N stretching. All these peaks
are characteristic of GO [33–36].

Fig. 2. FTIR spectra of as prepared GO.

4.3. Raman spectroscopic analysis
Raman analysis was performed using Lab RAM

800HR (made by HORIBA) in the range of

1100 cm−1 to 2800 cm−1 with a laser of excitation
energy 1.96 eV and 1 to 2 cm−1 spectral resolution.
The results are shown in Fig. 3.

Fig. 3. Raman spectra of GO sample on silica substrate.

The spectrum reveals two pronounced features
of GO at 1330 cm−1 and 1591 cm−1, which are
referred to D and G bands, respectively. The D
band is due to the structural imperfections caused
by the hankering of OH and epoxy groups on the
basal plane of carbon. The G band at 1591 cm−1

is an evidence of the sp3 and sp2 hybridization,
due to distortion in the crystal structure of the
carbon atoms, resulting from oxidation. Relatively
short FWHM and nearly the same intensity of
both the peaks, shown in Table 1, reveal that GO
flakes obtained are mostly monolayer as reported
previously [37–39].

Table 1. Peak analysis data of Raman spectra for GO on
silica substrate.

GO D G

Peak position 1330 cm−1 1591cm−1

FWHM 98 cm−1 67 cm−1

Height 27117 (au) 30324 (au)

4.4. Average sheet thickness and
morphology

Fig. 4 shows an AFM topographic image of GO.
The color contrast and profile height show that all
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Table 2. Hall Effect Measurement data for GO sheets on a glass substrate.

Temp. Current I Bulk concentration Resistivity Conductivity Mobility Avg Hall coefficient.
K (A) (cm3) (Ohm•cm) (S•cm−1) (cm2•V−1•s−1) (cm3•C−1)

300 1.00E−11 5.27E+08 8.37E+07 1.20E−08 1.42E+02 −1.19E+10

the GO flakes are of about the same thickness in the
range of about 0.6 to 0.7 nm. These observations
are consistent with the previous reports [40]. The
morphology of GO sheets is further confirmed by
SEM images. It can be seen in Fig. 5 that the GO
sheets obtained are individually dispersed and have
an average length of 2 µm.

Fig. 4. AFM tapping mode, topographic image of GO
on silica substrate.

Fig. 5. Scanning electron microscope image of GO
single flake.

4.5. Electrical properties
According to Hall effect measurement data

the GO film has the resistivity value up to

8.37 × 107 Ω·cm at room temperature, the bulk con-
centration of GO film is 5.27 × 108 cm3, and a very
low conductivity 1.20 × 10−8 Scm−1. So, these data
reveal that the GO film is an insulator with strong
p-type conductivity at room temperature.
Our results are consistent with the previous
studies [41, 42].

5. Conclusions
In the present work, we have reported a new and

safe synthesis route for GO formation. The XRD
results confirmed the high degree of oxidation and
Raman analysis revealed that most of the GO sheets
formed a monolayer. Moreover, we performed the
Hall measurements and found that the GO film is
of p-type conductivity and has insulator properties.
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