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ABSTRACT

The cerium oxide-graphene oxide nanocomposite was fabricated by ultrasound-assisted
precipitation method and characterized using Fourier transform infrared, UV-Vis spectroscopy,
X-ray diffractometer, and transmission electron microscope. The Fourier transform infrared
spectra displayed the O-H, C=C, and C-H vibrations indicating the interaction between cerium
oxide and graphene oxide. The broad absorption of around 300 nm is ascribed to the
superposition of cerium oxide and graphene oxide absorption peaks. X-ray diffraction pattern
analysis suggests the creation of graphene oxide nanosheets with an interlayer spacing of 0.821
nm. The transmission electron microscope image showed that the cerium oxide nanoparticles
dispersed on the graphene oxide nanosheet. These findings exhibit the useful ultrasound-
assisted precipitation method for fabricating cerium oxide-graphene oxide nanocomposite.
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INTRODUCTION

Nanotechnologies and nanomaterials are now applied in various industries due to their
attributes, like a large surface-to-volume ratio, size effects, catalytic capability, and
reactivity. Nanomaterials-based cerium oxide (CeOz) has additional valuable
characteristics, including low cost, non-toxicity, strong chemical stability, and high electron
transfer capacity. These qualities are the result of the dual oxidation states coexisting in the
CeO2 nanomaterials. In particular, the CeO2 nanoparticles are considered promising
multifunctional nanomaterials. The reversible valence characteristic and distinct crystal
structure of CeO2 nanoparticles facilitate the creation of oxygen vacancies, resulting in a
structure rich in defects. These properties determine performance applications of CeO>
nanoparticles such as catalysts in energy conversionl!l, supercapacitors 12, anti-corrosion I,
adsorbents ™, and biomedical applications %, Another intriguing material for creating
nanoscale structures is graphene oxide (GO), which has exceptional electrical conductivity,
a huge specific surface area, and oxygenated groups. The distinctive of GO properties is the
potential for numerous applications!?7-11,

Nevertheless, using separate CeO, nanoparticles and GO nanosheets exhibits limited
performance in different applications. For instance, GO tends to form an aggregate that
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reduces its surface area 2M°M This phenomenon is affected by the interlayer spacing of
GO. In contrast, CeO> has poor dispersion as filler in the polymer matrix. Therefore, to
overcome these problems, CeO; and GO are functionalized and mixed to generate the
synergetic effect of CeO.-GO hybrid or nanocomposites. To construct specific features for
development and sustainable applications, the CeO,-GO nanocomposite has been
synthesized through different synthesis techniques, such as hydrothermal [OM12]
ultrasonicated-mixture of GO and CeO, ¥4l 3 sonochemical method 15 and facile
chemical co-precipitation method?. The synthesis technique affected the formation of
Ce0,-GO nanocomposite 71281 Thys far, the hydrothermal approach is the most useful and
applicable technique for creating CeO2-GO composites due to a single step decorating the
GO network %, In contrast to the ultrasonication of mixed GO and CeO,, which prepares
the Ce02-GO composite through multiple stages. However, there is a limitation in the cost
of hydrothermal equipment. On the other hand, precipitation is regarded as an efficient and
cost-effective method for synthesizing CeO,-GO composite due to simple preparation and
apparatus 2, nonetheless, it requires calcination at moderate to high temperatures.

This study describes the fabrication of CeO.-GO nanocomposite utilizing an ultrasound-
assisted precipitation approach, which differs from the synthesis method used in previous
studies. Cavitation by ultrasound generates hot spots in the surrounding atmosphere, leading to the
composite formation at low temperatures and with short calcination times. GO nanosheets were
synthesized through graphite oxidation usage a modified Hummer’s method. Numerous
characterization techniques consisting of Fourier transform infrared, UV-visible
spectroscopy, X-ray diffraction, and transmission electron microscope were applied to
analyze the structure, optical properties, and morphology of CeO>-GO nanocomposite. As
a comparison, the CeO> was also synthesized and characterized.

METHOD
Synthesis of GO nanosheets

GO was synthesized using a modified Hummer’s method %, The synthesis begins by
dissolving 1 g of graphite in 46 ml of H.SO4 at a temperature of 0 -5°C for 2 hours. The
graphite solution was then treated with 0.5 g of NaNOs and 6 g of KMnO4 and agitated for
two hours. The stirring operation was continued for 24 hours at 35°C. Then 100 ml of
distilled water was poured into the solution. After 1 hour, 5 ml of 30% H.O, was added and
agitated for 1 hour to eliminate the residual KMnOs. The solution mixture was centrifuged
at 3000 rpm for 20 minutes, separating the supernatant and filtrate. The filtrate was
neutralized with 5% HCI and distilled water before drying at 80°C for 12 hours to produce
black powder. The powder was mixed with distilled water and ultrasonically proceeded for
90 minutes. The powder was then separated with a centrifuge at 3000 rpm for 20 minutes.
To get dry powder, the heating phase was carried out for 12 hours at 80°C.

Fabrication of CeO2-GO nanocomposite

A composite of CeO,-GO was synthesized using the procedure adopted from the literature
with slight modification, especially in the ultrasonication and heating process 2%, This
process was created by dissolving one gram of Ce(NO3)3.6H20 and dispersing GO in 100
mL demineralized water separately. The appropriate amount of GO was weighted to obtain
a mass ratio of GO to cerium nitrate of 3%. After stirring the GO suspension for an hour,
the Ce(NOs)s solution was gradually added. Next, the 5% HCI solution was dropped until it
reached pH 3, followed by adding 30 wt.% H20- solution. Then the precipitant of 0.5 wt.%
NaOH was poured into the solution up to its pH of 10. After 30 minutes of ultrasonic wave
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radiation, the solution was left for 24 hours. Distilled water was used to wash the precipitate
until the pH reached neutrality. Subsequently, it was heated at 80°C for 6 hours to obtain

dry powder. CeO was synthesized using the procedure described in previously reported
[21]

Characterization

The Fourier Transform Infrared (FTIR, Perkin Elmer) spectrum was employed to identify a
functional group, which verified the creation of the CeO,-GO composite. The absorbance
spectrum of the CeO»-GO composite was measured using the UV-Vis spectrophotometer
(Shimadzu). The X-ray diffraction pattern of the CeO,-GO composite was recorded using
an X-ray diffractometer (Miniflex Rigaku) equipped with a Cu K, radiation source with a
wavelength of 1.5406 A. To ascertain the CeO,-GO composite's structural parameter, the
x-ray diffraction data was examined using the Bragg diffraction law, and the Scherrer
formula described in Eq (1) and Eq (2) respectively.
1)

d(hkl) sinf = A

_ ka )
L= B cos 6

In this case, d denotes a spacing layer, L stands for crystallite size, @is the diffraction angle,
Awavelength, and gfull width at half maximum (FWHM). The h, k, and | are Miller indices.
Furthermore, the CeO>-GO composite's nanostructure morphology was examined using a
transmission electron microscope (TEM, Talos F200X) with an accelerating voltage of 120
KV. To demonstrate the successful synthesis of the CeO.-GO composite, the same
characterization was also carried out on GO and CeO».

RESULTS AND DISCUSSION

GO, CeOz, and Ce0,-GO have been successfully synthesized. The products were in powder
form. Figure 1 shows the photograph of GO, CeO2, and CeO>-GO powder. The GO powder
is dark black which is similar to other researchers #2231 and commercial GO 241, The CeO;
powder is light yellow which is similar to our previous research 21 while the Ce02-GO
powder is dark grey. The dark grey color indicates the formation of the CeO,-GO composite.
GO powder was made through a modified Hummer’s method from graphite oxidation with
a heating process at a temperature of 80°C. CeO. powder and CeO,-GO composite were
synthesized using an ultrasound-assisted precipitation method that was continued with a
heating process at a temperature of 80°C. Figure 2 depicts the schematic diagram of GO and
GO-CeO; formation.

(a) GO (b) CeO> (¢) Ce02- GO
Figure 1. Photograph of powder for (a) GO, (b) CeO, and (c) CeO,-GO composite
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— —
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Figure 2. Schematic illustration of formation (a) GO and (b) CeO,-GO

The formation of the CeO2-GO composite was clarified by the functional group analysis
FTIR spectrum as depicted in Figure 3. The O-H stretching vibration of the acid is
represented by an absorption band at wave number 3422 cm™ in the FTIR spectra of GO,
while a prominent peak with a C=C stretching vibration is seen at 1633 cm™. The C-O
vibration was shown by another peak in the FTIR spectra of GO, located at 1078 cm™ [25],
Five absorption bands displaying O-Ce-O vibrations at 475 cm-1, O-C-O stretching
vibrations at 1384 cm™, and C=C stretching vibrations at the same wave number as GO are
visible in the FTIR spectra of CeO, 1261, Qverall, it can be seen that GO, CeO, and CeO»-
GO have the same spectra for C=C stretching vibrations, O-H stretching, and C-H bending
vibrations . The CeO,-GO composite has been properly synthesized because the
interaction between GO and CeO:> during the composite's synthesis did not produce any
additional bonds.

Further analysis of the formation of CeO,-GO was obtained from the UV-Vis absorption
spectrum. Figure 4(a) displays the GO absorption spectra. The absorption peak is located in
the UV region, at 231 nm and 307 nm. The covalent link between the carbon atoms that
created the hexagonal arrays is responsible for the absorption peak at 231 nm, which is
typical of the m-t*plasmon of the C=C aromatic bond. While the n-n* transition of the C=0
carbonyl group is represented by the absorption peak at 307 nm. The result is consistent
with other research 2312811291 Yv/-Vis absorption spectrum analysis indicates the existence
of functional groups with oxygen that attach to carbon on the surface of GO. The UV-Vis
absorption spectrum of the CeO,-GO composite as displayed in Figure 4(c) revealed broad
absorption at 250 to 380 nm as a result of the absorption peak overlapping of the CeO, with
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the GO peak. This analysis also confirmed the CeO.-GO composite formation. A similar
spectrum was investigated on CeO,-GO composite prepared by microwave heating ),
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Figure 3. FTIR spectra of GO, CeO2 nanoparticles, and CeO2-GO nanocomposite
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Figure 4. UV-Vis spectra of GO, CeO nanoparticles, and CeO2-GO nanocomposite

The X-ray diffraction patterns of GO, CeO», and CeO,-GO were recorded at 26 of 5 to 85°
to verify the nanostructure formation of the CeO.-GO composite. GO, CeO2 and CeO,-GO
composite X-ray diffraction patterns are depicted in Figure 5(a). A diffraction peak at 26 =
10.76° appeared in the X-ray diffraction pattern of GO. A diffraction peak with low intensity
was also observed at 260 = 42.79°. Referring to JCPDS-ICDD No. 82-2261, the diffraction
peaks correspond to the (002) and the (100) plane reflection of GO, respectively 2226311,
The X-ray diffraction pattern of GO in this study is in agreement with commercial GO 241,
and other studies 2. Thus, GO has been successfully synthesized employing a modified
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Hummer's method for the oxidation of graphite. Equation (1) was utilized to calculate an
interlayer spacing (d(o2) of 0.821 nm, which is associated with a 2-theta of 10.76°. This
interlayer spacing is more than the typical 0.335 nm interlayer spacing of graphite 123334,
This finding reveals that different oxygen functional groups are formed in the carbon surface
layer, which reduces the van der Waals attraction force among graphene layers . At the
same time, the appearance of the 26 of 42.79° indicates distortion in the stacked graphene
layers. The Scherrer formula in Equations (2) was used to calculate the average height L
and the average diameter La of stacking layers by inserting k values of 0.89 and 1.84,
respectively. Moreover, these parameters of GO structures can be seen in the schematic
illustration in Figure 5(b). Then in the X-ray diffraction pattern of CeO,, diffraction peaks
were observed at 26 = 28.53°; 33.06°; 47.13° 56°; 69.46°; and 76.85° which represents the
crystallographic planes of the (111), (200), (220), (311), (400), and (331). These diffraction
peaks are by JCPDS-ICDD No. 34-0394 for the cubic structure of CeO, 42426351 The
calculated crystallite size of CeO nanoparticles was 7,3 nm using the Scherrer formula for
(111) diffraction peak.

Meanwhile, CeO.-GO only shows CeO: diffraction peaks with lower intensity and wider
FWHM than the pristine CeO; diffraction peaks. The diffraction peaks of GO were not
observed, possibly due to the following reasons: the higher crystallinity of CeO> than GO,
the incorporation of CeO; in GO distorts the GO structure and the concentration of GO in
the composite is relatively small. A similar characteristic was also observed in previous
research[21913 |n addition, it can be observed that a shift in several X-ray diffraction peak
positions of CeO in CeO,-GO towards the smaller 26 of pure CeO.. The shifting in the 26
angle of the peak position shows the formation of a new material of CeO,-GO composite
which has different characteristics from their constituent materials. Thus, it can be said that
the synthesis method is effective in creating the CeO2-GO composite. Meanwhile, the wide
FWHM for CeO.-GO indicates the formation of a composite with a very tiny crystallite size.
By applying the Scherrer formula in Equation (1), the average crystallite size of the CeO,-
GO nanocomposite was 1.6 nm. The crystallite size of the composite is smaller than the
crystallite size of the constituent. The obtained research data shows the effectiveness of
Ce0,-GO nanocomposite synthesis.

Ao
0.821 nm

L,
3.515nm

Intensity (Arb. unit)

5 25 45 65 85
2-theta (7) L,=4.438nm

Figure 5. (a) X-ray diffraction patterns of GO, CeO,, and CeO,-GO, (b) schematic illustration of
the GO structure

An electron transmission microscope (TEM) was used to examine the morphology of GO,
CeO2, and Ce0,-GO. The GO nanosheets can be seen in Figure 6(a). The formation of GO
nanosheets is regarded as a combination of oxygen structures containing functional groups
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of C-0O, C=0, and O-H on the surface of the graphene layer as confirmed by FTIR spectrum
analysis 1. Figure 6(b) shows spherical particles with a size of around 10 nm for CeO;
and Figure 5(c) shows CeO; particles with a very tiny size dispersed on GO nanosheet. In
contrast to other CeO2 nanoparticles and CeO»-GO nanocomposites prepared by the
hydrothermal method, showed agglomerated spherical shape particles 2?B%, Only some
CeO; particles appear to stick together in this study, this could be the result of tiny particles
growing together during the cerium reduction process. The TEM image reveals the presence
of an active site on the GO sheet for the deposition of CeO> nanoparticles configuration of
Ce02-GO nanocomposite.

Figure 6. TEM image of (a) GO sheet, (b) CeO2 nanoparticles and (c) GO- CeO2 nanocomposite

CONCLUSION

The ultrasound-assisted precipitation route was used for the fabrication of CeO,-GO
composites. FTIR spectrum analysis indicated that the CeO>-GO composite contains a
functional group of the constituent composite, there are C=C, O-H stretching vibrations, and
C-H bending vibrations. The CeO.-GO composite formation was validated by the broad UV
spectrum with an absorption peak at about 300 nm. The nanostructure of CeO>-GO
composite with a crystallite size of 1.61 nm was confirmed from XRD and TEM analysis.
The CeO,-GO composite has the potential as an anticorrosive and antibacterial coating in
medical applications.
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