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Abstract: In this study, graphene oxide was synthesized using the liquid phase exfoliation method. Graphene
oxide synthesis was carried out by dispersing graphite powder in deionized water and adding linear alkylbenzene
sulfonate surfactant, followed by exposure to ultrasonic waves at a frequency of 21 kHz. The graphite exfoliation
process in this method took advantage of the cavitation phenomenon that occurred during the sonication process.
The cavitation effect in this research was observed based on the characterization results of graphene oxide. The
ultraviolet-visible spectroscopy results indicated that cavitation events influenced the emergence of the main
absorption peak at a wavelength of 240 nm and a secondary peak at 287 nm. The X-ray diffraction results
showed a phase transition from crystalline graphite to an amorphous phase, as indicated by the disappearance
of sharp graphite peaks and the appearance of broad peaks at 2θ ∼= 18◦. The Fourier transform infrared analysis
showed that cavitation added oxygen groups to the graphene oxide produced, e.g.: -OH and C-OH, whose
intensities increased after sonication. Scanning electron microscope analysis revealed sheet-like structures on
the graphite surface. Based on the energy dispersive X-ray results, the C/O ratio of the graphene oxide sample
was 68.99%. This aforementioned result supported the Fourier transform infrared results where an increase in
the oxygen composition occurred after the sonication.
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I. INTRODUCTION

One essential and interesting material to be studied is
carbon-based nanomaterials. Carbon is a large class of ma-
terials that have several allotropes with different microstruc-
tures and morphologies, e.g.: carbon nanotubes (CNT),
graphene, graphene oxide (GO), mesoporous carbon, carbon
nanospheres, and amorphous carbon, that can be applied in the
development of environmental and energy technologies [1].
Graphene oxide (GO) is an allotrope of carbon nanostructures
that can be easily obtained through the exfoliation of graphite
flakes [2]. GO has been widely applied in various fields due
to its unique physicochemical properties, including large sur-
face area, electrical conductivity, and optimal absorption ca-
pacity [1,3]. On the surface and edges of GO, there are many
oxygen functional groups, such as hydroxyl (-OH), carbonyl
(-C=O-), and carboxyl (-COOH) [1-4]. Furthermore, the two-
dimensional allotrope structure of graphene, which forms the
basis of GO, provides excellent crystalline properties making
it an attractive choice for many researchers to explore its use
in various applications [3].

Based on several studies, GO exhibits high conductivity and
stability due to the presence of hydroxyl or oxide groups on
its surface [5, 6]. GO has a bandgap value in the ultraviolet
(UV) range. Because of its suitable bandgap for UV light,
GO is often used as a photodegradation material for textile

dye waste [5, 6]. Despite its various superior properties, the
synthesis process of GO still involves the use of hazardous
and toxic chemicals. The most common and frequently used
method for producing GO is the Hummer’s method. However,
this method still utilizes hazardous substances such as HCl,
H2SO4, KMnO4, and NaNO3 [7, 8].

Liquid phase exfoliation (LPE) is a process for producing
GO using a physical method, which involves grinding graphite
dissolved in water. This method has the advantage of produc-
ing GO on a large scale in a relatively short time. Additionally,
the production process is cost-effective and environmentally
friendly as it does not involve the use of hazardous and toxic
materials [9]. However, research using this method is still lim-
ited, so the use of the LPE method for large-scale production
of GO has not been largely implemented. One prominent ad-
vantage of this method is its scalability and cost-effectiveness,
making it very promising for large-scale GO production. Fur-
thermore, the synthesis process using this method does not in-
volve hazardous chemicals, making it more environmentally
friendly compared to the Hummers method. However, the
drawback of this method is its relatively low exfoliation ef-
ficiency compared to the Hummers method, making it a chal-
lenge to develop this method for producing high-quality GO
[10-12]. Additionally, controlling the size and distribution of
GO remains a challenge for future research. This study aims
to further investigate this method and develop the GO exfoli-
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FIG. 1: GO synthesis process with ultrasonication.

FIG. 2: UV-Vis test results of graphite, graphite/LAS (0
kHz), and GO (21 kHz) samples.

ation process.
The graphite exfoliation process in the LPE method utilizes

cavitation events caused by pressure changes in the solution
induced by ultrasonic waves. Cavitation is the formation of
microbubbles in water due to pressure differences in the liq-
uid. The cavitation bubbles formed then collapse rapidly, gen-
erating strong shock waves to break down the graphite [13].
The destruction of the graphite structure can facilitate exfo-
liation of the graphite layers. However, cavitation occurring
from ultrasonic waves is generally accepted without further
scrutiny [14]. Furthermore, there is still limited explanation
regarding the impact of cavitation on the formation of GO.
By studying the cavitation effects on the synthesized GO, it
is hoped that control over the dimensions and size of GO ac-
cording to desired specifications can be achieved.

In this study, linear alkylbenzene sulfonate (LAS) surfac-
tant was added to facilitate the exfoliation process. Surfac-
tants with hydrophilic and hydrophobic groups facilitate the
dispersion of graphite powder in water. Additionally, the hy-
drophobic properties of the surfactant enable it to penetrate
the interlayer spaces of graphene within the graphite struc-
ture. The surfactant molecules entering the interlayer spaces
of graphene are expected to weaken the van der Waals bonds
between the layers making it easier for them to exfoliate [15].
Previous research by Pratama et al. demonstrated that the use
of LAS surfactant for graphite exfoliation can produce GO
with good quality, as seen from the Raman test results [16].

II. METHOD

The materials used in the study included pure graphite pow-
der (Sigma Aldrich), deionized water (Kimia Farma), and
LAS surfactant (Kimia Farma). The equipment used in the
synthesis process included: a magnetic stirrer, magnetic bar,
10 ml measuring glass, 1000 ml beaker glass, Panasonic mi-
crowave, spatula, plastic wrap, ultrasonic cleaner model UC-
8360, sample bottles, 50 ml beaker glass, Osuka brand digital
balance, and petri dish. The tools used for sample analysis
were Shimadzu UV-2450 ultraviolet-visible (UV-Vis) spec-
trophotometer, Bruker D2-Phaser (X-ray diffraction) XRD in-
strument, Phenom Pro-x scanning electron microscope en-
ergy dispersive X-ray (SEM-EDX) instrument, and Spectrum
Two System L160000A Fourier transform infrared (FTIR)
spectrometer.

The synthesis process of the GO is illustrated in Fig. 1.
Firstly, 2 ml of LAS solution and 2 g of graphite powder were
dispersed in 500 ml of deionized water. The solution was then
stirred for 30 minutes at room temperature. Subsequently, ul-
trasonic exposure was carried out using an ultrasonic cleaner
for 120 minutes. Drying was performed using a microwave at
100◦C until GO powder was obtained.

III. RESULTS AND DISCUSSION

The results of the absorbance analysis of graphite,
graphite/LAS (0 kHz), and GO (21 kHz) samples are shown
in Fig. 2. Based on previous research, GO material exhibits
characteristic absorption peaks at a wavelength of 230 nm
(main peak) and a shouldering peak at a wavelength of 298
nm [17]. In this study, the UV-Vis absorption spectrum of the
graphite/LAS and GO samples shows a sharp absorption peak
at a wavelength of 240 nm attributed to the π→ π* transition
of the C=C aromatic bond. This peak slightly shifts from the
expected peak of GO, which should be around 230 nm. After
ultrasonication, a shouldering peak appears at a wavelength
of 287 nm, indicating the occurrence of the n→ π* transition
of the C=O bond. The main peak shifts slightly compared to
some literatures, e.g.: [17]. This may be due to the prolonged
drying process, which reduces the oxygen groups in the ma-
terial causing a shift of the main absorption peak to longer
wavelengths.

The bandgap energy was analyzed based on the absorbance
spectrum of the samples using the Tauc plot method. The
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FIG. 3: Bandgap energies of graphite sample (a), graphite/LAS (0 kHz) (b), and GO (21 kHz) (c) analyzed using the Tauc plot
method.

FIG. 4: Changes in bandgap energies of graphite (left), graphite/LAS (center), and GO (right).

bandgap energy of the samples can be observed in Fig. 3.
Optical analysis indicates a change in the bandgap energy in
the graphite sample (see Fig. 4). The graphite sample has
bandgap energy of 5.004 eV, which then decreases to 2.92 eV
after the addition of surfactant (0 kHz). This is due to the
surfactant adhering to the surface and interlayer gaps of the
graphene layers, which then act as bridges between layers and
facilitate electronic transitions. After the sonication process
with a frequency of 21 kHz, the bandgap energy increases to
3.508 eV due to the increase in oxygen groups in the mate-
rial, which leads to a decrease in material conductivity. The
change in the materials bandgap energy affects the quality of
GO, such as conductivity, light absorption rate, and/or fluores-
cence emission. This can influence its application in specific
needs.

Fig. 5 displays the XRD diffraction patterns of the graphite,

graphite/LAS (0 kHz), and GO (21 kHz) samples. To enhance
the diffraction peaks, the Savitzky-Golay smoothing method
in the Origin software has been applied. In the XRD spec-
trum of graphite, several distinct diffraction peaks are ob-
served around 26.3◦, 42.3◦, 44.2◦, 54.4◦, 59.4◦, and 77.3◦.
These peaks correspond to the (002), (100), (101), (102),
(004), (103), and (110) diffraction planes, respectively. Most
notably, the two strongest peaks at (002) and (004) represent
the perpendicular direction (c-axis) to the hexagonal planes of
graphite. These peaks align with reference data for graphite-
2h (JCPDS 41-1487).

Transitioning to the XRD spectrum of graphite/LAS (0
kHz), broad diffraction peaks are observed at 2θ = 18◦, and
sharp peaks at 25.8◦ - 28.9◦. Interestingly, these peaks re-
semble the pattern seen in reduced graphene oxide (rGO),
but with broader peaks. After sonication, the sharp peaks
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FIG. 5: Diffraction patterns of graphite, graphite/LAS (0
kHz), and GO (21 kHz) samples.

at 25.8◦ - 28.9◦ disappear, leaving broad peaks at 18◦, indi-
cating that the synthesized material has an amorphous phase
resembling the XRD pattern of GO. The presence of sharp
peaks in the graphite XRD pattern and their transformation
into broad peaks or disappearance after sonication suggest that
the graphite has been exfoliated or the interlayer regions of
graphene have been filled with the LAS surfactant.

The broadening of diffraction peaks indicates a decrease
in crystallite size. Crystallite size refers to the dimensions of
regularly ordered domains within the crystal structure of a ma-
terial. This crystallite size can be estimated using Gaussian
functions applied to the main peaks in the diffraction spec-
tra and calculated using the Debye-Scherrer equation. For
graphite, the estimated crystallite size is 15.50 ± 0.03 nm,
which decreases to 0.39 ± 0.09 nm after the addition of sur-
factant (0 kHz). The crystallite size of GO increased after the
sonication process, but it is still smaller than graphite, mea-
suring 0.8 ± 0.2 nm. The significant decrease in crystallite
size after the addition of surfactant and sonication indicates
that the surfactant successfully transforms the crystallinity of
graphite into an amorphous material.

The functional group analysis of the graphite, graphite/LAS
(0 kHz), and GO (21 kHz) samples conducted using FTIR
spectrometer can be seen in Fig. 6. Each functional group
exhibits characteristic features at specific wavenumbers, e.g.:
single bonds (O-H, N-H, and C-H), triple bonds (CC and CN),
double bonds (C=O, C=C, and C=N), and fingerprint region
bonds (-CH3, -CH2, C-O, C-N, and C-C) are typically found
in the wavenumber ranges of 4000 - 2500 cm−1, 2500 - 2000
cm−1, 2000 - 1500 cm−1, and 1500 - 500 cm−1, respec-
tively. In the FTIR analysis results, it can be observed that
the graphite sample exhibits functional groups of C=C, C-H,
and C-OH. After the addition of surfactant (0 kHz), the -OH
functional group appears indicating the addition of oxygen to
the sample. This addition of oxygen occurs because surfactant
molecules containing hydroxyl groups adhere to the graphite.
After the sonication process, characteristic functional groups
of GO such as -OH, C=C, C-H, and C-OH show increased

FIG. 6: IR spectra results of graphite, graphite/LAS (0 kHz),
and GO (21 kHz) samples.

intensities compared to the intensities before sonication [14-
16]. This is due to the exfoliation process of graphite into
thinner material, resulting in a larger total surface area. The
larger surface area allows more surfactant molecules carrying
oxygen groups to attach to the surface and interlayer spaces
of graphene. The oxygen functional groups on GO make it
hydrophilic, hence easier to be dispersed in water.

Fig. 7 depicts the surface morphologies of the graphite,
graphite/LAS (0 kHz), and GO (21 kHz) samples at a mag-
nification of 10000X. The graphite sample exhibits a surface
morphology of stacked, tangled, and irregularly arranged lay-
ers. With the addition of surfactant (0 kHz), the surface mor-
phology appears similar to graphite, but with agglomeration
among the layers. A similar morphology is also shown for
the GO (21 kHz), where the agglomeration occurring among
the layers becomes more apparent. It can be observed that
the diameter of graphene layers at the same magnification af-
ter sonication becomes smaller. This is due to the cavitation
process, which is capable of exfoliating and breaking down
graphite into smaller particles.

The elemental compositions of the graphite, graphite/LAS
(0 kHz), and GO (21 kHz) samples observed using EDX are
shown in Fig. 8. The composition of graphite consists of
95.51% carbon and 6.49% oxygen, with a C/O ratio of 14.7.
The addition of surfactant (0 kHz) increases the oxygen com-
position to 8.75% with the carbon composition of 90.75%,
resulting in a C/O ratio of 10.37. After the sonication pro-
cess (21 kHz), there is an increase in oxygen composition to
11.15%, consistent with the FTIR characterization results due
to the increased surface area of GO. The carbon composition
after sonication is 68.99%, and the C/O ratio becomes 6.19
with the presence of impurities such as Ti, Na, and Si, possi-
bly caused by the addition of surfactant to the GO. Generally,
the C/O ratio for GO falls within the range of 2.12 - 4.9. In
this study, the C/O ratio is higher, consistent with the C/O ra-
tio of rGO [21]. The presence of impurities in the sample is
also detected at wavelengths of 600-700 nm consistent with
the UV-Vis characterization results (see Fig. 2).
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FIG. 7: Surface morphologies of (a) graphite, (b) graphite/LAS (0 kHz), and (c) GO (21 kHz).

FIG. 8: Elemental compositions of (a) graphite, (b) graphite/LAS, and (c) GO.
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FIG. 9: The role of surfactant in aiding the graphite exfoliation process.

FIG. 10: Illustration of the mechanism of graphite exfoliation utilizing cavitation events [22].

Fig. 9 illustrates the process occurring during the mixing
of LAS surfactant into the graphite solution. Surfactants enter
the interlayer spaces of graphene material and weaken the van
der Waals bonds as shown in Fig. 10. To further understand
the exfoliation process during ultrasonic vibration exposure,
calculations are performed on the wavelength of the ultrasonic
vibration provided. First, the speed of sound in water gener-
ated by the ultrasonic cleaner is calculated using the equation,

v =

√
B

ρ
(1)

where v is the speed of sound, B is the bulk modulus, and ρ
is the density of water. Assuming that the bulk modulus of
water (B) at normal temperature and pressure is around 2.2 ×
109 N/m2 and the density of water (ρ) at normal temperature
and pressure is around 1000 kg/m3, then from Equation (1),
the speed of sound in water is approximately 1484 m/s. Next,
we use the equation,

λ =
v

f
(2)

where λ is the wavelength and f is the frequency of vibration.
Now, the frequency of the reactor is given at 21 kHz. By sub-
stituting the values of the speed of sound and the frequency of

the reaction into Equation (2), the wavelength of the ultrasonic
waves in this study is approximately λ≈ 0.0707 m or λ≈ 70.7
mm. The significant difference between the wavelength gen-
erated by the ultrasonic reactor and the interlayer spacing of
graphene, i.e.: 70.7 mm and 0.34 nm, respectively, indicates
that the exfoliation process of graphite does not occur solely
by utilizing mechanical waves in water. This can be illustrated
as graphite particles oscillating in water according to the vi-
brations generated by the ultrasonic cleaner. However, these
particles are only adrift in the fluid without any mechanical
force to exfoliate the interlayer graphene sheets as the inter-
layer spacing is far smaller than the ultrasonic wavelength.

In another study utilizing the ultrasonic method, exfoliation
is facilitated by cavitation events. It can be concluded that ex-
posure to ultrasonic vibrations without cavitation events can-
not induce graphite exfoliation, as observed in this study’s re-
sults. Cavitation can be observed through the formation of
bubbles in the solution and a significant increase in temper-
ature due to the energy released by cavitation bubbles upon
their collapse. Furthermore, cavitation events occur when the
intensity and frequency of ultrasonic vibrations reach a certain
threshold or can be formulated as the following function:

F (I, f) ∼ Iα × fβ (3)
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where F represents the critical value for exfoliation to occur,
I represents the intensity of ultrasonic vibrations. Meanwhile,
α and β are certain constant parameters. These two param-
eters indicate the degree of strength of I and f. Equation (3)
indicates that the cavitation process is influenced by the in-
tensity and frequency of the ultrasonic source or ultrasonic
vibrations. In this case, we argue that cavitation occurs at ul-
trasonic frequencies ( 20 kHz). However, if the intensity of
the ultrasonic waves is low, cavitation events may not occur.
Thus, there is a certain intensity threshold for cavitation to oc-
cur. The results of this study prove that without ultrasonica-
tion (0 kHz), where cavitation events do not occur, GO cannot
be formed. GO only forms when the ultrasonication process
is performed. Therefore, it can be concluded that the addition
of LAS surfactant alone is not sufficient to produce GO.

IV. CONCLUSION

In this study, the synthesis of GO using the LPE method
based on ultrasonication with LAS surfactant has been suc-

cessful. Characterizations of the samples through UV-Vis,
XRD, FTIR, and SEM-EDX demonstrate the successful syn-
thesis of the GO based on the existence of GO absorption peak
characteristics, amorphous phase of the diffraction patterns,
oxygen functional groups from the IR spectra, flake morphol-
ogy from the SEM image, and C/O value of 6.19 from the
EDX reslts. The addition of surfactant facilitates the exfolia-
tion of graphite, increasing the amount of oxygen in GO, but
surfactant addition alone is not sufficient. Cavitation during
sonication with the ultrasonic reactor has proven to be crucial
in exfoliating graphite and is a key factor in the successful
synthesis of the GO via the LPE method.
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