RESEARCH PAPER

J Nanostruct 14(1): 93-100, Winter 2024

Synthesis, Characterization, Structural, Optical and Photocatalyst
Properties of C_-ZnO-TiO, Nano Hybrid

Wasan M. Mohamed, Zainab SH. Mohammed, Mulamahawsh Anfal Fadhil *

College of Science for Women, Laser Physics Department, University of Babylon, Babylon, Iraq

ARTICLE INFO

Article History:
Received 04 October 2023
Accepted 23 December 2023

Published 01 January 2024

Keywords:
Fullerene
Nanocomposites
Photocatalyst
Sol-gel method

ABSTRACT

C,,-TiO,-Zn0O, C,-ZnO, C -TiO, nanocomposites were synthesized
using sol-gel method. Structural, chemical, and optical properties of
nanocomposites were characterized using X-ray diffraction (XRD),
tunneling electron microscopy (TEM), Fourier transform infrared (FTIR)
spectroscopy, and photoluminescence (PL) spectroscopy. In addition to
the fullerene peak, structural results in C_-ZnO samples show the wurtzite
hexagonal structure of zinc oxide. The peaks related to both anatase
and rutile phases are observed in the sample of C_-TiO, composite.
All peaks related to fullerene (C), wurtzite phase of zinc oxide (W) and
anatase (A) and rutile (R) phases of titanium dioxide are also exactly
the same as C_-ZnO and C_-TiO, single composites in XRD analysis
results of C-TiO,-ZnO nanocomposites. The results of TEM images
show that fullerene nanoparticles are located outside the surface of the
zinc oxide and titanium dioxide nanoparticles. Titanium nanoparticles
is less than 30nm and zinc oxide nanoparticles is less than 50nm in size.
The photoluminescence (PL) spectrum measured for C,-TiO,-ZnO
nanocomposites is much weaker than C_-ZnO and C_-TiO, composites.
According to TEM results, photocatalytic results show that C_-TiO,-ZnO
nanocomposite have the highest percentage of dye degradation and the
best photocatalytic properties due to having the best scattering.
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INTRODUCTION

One of the carbon allotropes is called fullerene,
which is at nanoscale [1-2]. With the development
of nanotechnology and nanoengineering,
fullerene has played an important role in nano
applications. Fullerenes are composed of graphite
(graphene) layers with the difference that in their
atomic structure, in addition to regularly arranged
hexagons, thereare pentagonsthatcausesthe plate
not to be regular. These hexagons and pentagons
together to allow the surface to be sphere, oval or
cylinder is formed. The most common fullerene is
called carbon 60, which contains 60 carbon atoms
* Corresponding Author Email: anfal.fadhel@yahoo.com

[3]. The structure is the most spherical molecule
known to man, that is firstly discovered in the
laboratory in 1985 [4]. It has been found in natural
environments such as rock [5], on the earth and
in space [6]. In the structure of carbon 60, each
carbon atom has a covalent bond with 3 adjacent
carbon atoms. Carbon 60 is a molecule made of
one element and in the form of a hollow cage. This
property and the possibility of filling it, makes it
a suitable option for building the drug delivery
systems and antioxidants. The diameter of
spherical fullerene is about 1nm. It is harder than
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diamond (its hardness is more than diamond) and
has promising applications as a polymeric filler to
increase mechanical strength [7].

Weather (climate) pollution is one of the main
problems of environment around the world, hence,
in the last decade, restoring the environment
and eliminating the pollution has been one of
the global priorities. One way to eliminate the
pollutions is to use nanophotocatalysts. Among
the photocatalytic materials used to eliminate
the organic and inorganic pollutants, we can refer
to ZnO, Fe,0,, WO,, MoS,, TiO, and CdS [8-15].
Among the well-known photocatalysts, titanium
oxide and zinc oxide are of great interest to
researchers. Therefore, in the research, we intend
to investigate the photocatalytic properties of C, /
Tio,, C6O/TiOZ/ZnO, CGO/ZnO nanocomposites.

MATERIALS AND METHODS
We mix fullerene (C,) with water and place

in ultrasonic for 15 minutes until it is completely
dispersed. We divide the obtained solution into
three parts and 0.17g of zinc oxide nanopowder
was added to one of the solutions, 0.17g of
anatase titanium oxide nanopowder was added
to the second solution, and 0.17g of zinc oxide
nanopowder along with 0.17g of anatase titanium
oxide nanopowder was added to the third
solution. The mass ratio of fullerene to each of the
nanoparticles of 20:1 was selected. The resulting
solutions were dispersed in an ultrasonic bath for
1.5 h at 80°C. Each solution was then stirred in a
water bath at 80°C. The powder obtained in the
oven was dried at 100°C for 1.5 h.

RESULTS AND DISCUSSION

X-ray diffraction spectrum of C_-ZnO, C-
TiO, and C,-TiO,-ZnO samples were prepared to
determine the crystallographic structure of the
studied nanopowders. X-ray diffraction (XRD)
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Fig. 1. XRD Diagram of Nanopowders of a) C,-ZnO, b) C_-TiO, and c) C,-TiO,-ZnO.
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spectrum were measured using D8 Advance
Bruker YT and CuKa radiation with the wavelength
of A=1.5418A at 26 values between 10° and 80°.
XRD diagram of C,,-Zn0O, C -TiO,, and C,-TiO,-
Zn0O samples are plotted in Fig. 1a, b, and ¢,
respectively. According to Fig. 1, the peak related
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Fig. 2. Transmission Electron Microscope (TEM) Images of Nanopowders of a) C_-ZnO, b) C_-TiO, and c) C_-TiO,-ZnO

to fullerene is observed in all samples at angles
of 26=17.8, 20.8°, which are related to planes of
(111), (220), respectively. Similar results have been
reported by other researchers [16-17]. Fullerene
peak is marked with the symbol C in Fig. 1. In
Fig. 1a, the peaks located at angles of 26=31.83
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Fig. 3. a) photoluminescence (PL) spectrum of C_-ZnO nanocomposite b) photoluminescence (PL) spectrum of C_-TiO, nanocomposite
c) photoluminescence (PL) spectrum of C,-TiO -ZnO nanocomposite
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(100), 34.48 (002), 36.31 (101), 47.62 (102), 56.66
(110), 62.92 (103), 66.42 (200), 66.56 (112), 68.00
(201), 73.90 (004), 77.18 (202) correspond to
JCPDS, NO. 36-1451 which is related to wurtzite
hexagonal structure of zinc oxide [16-17]. Zinc
oxide has a spatial group P 63 m c and its lattice
constants are a= 3.2494 A and c= 5.2038 A and
no additional peak is observed in the structure.
The peak related to zinc oxide is marked with the
symbol W in Fig. 1. Fig. 1b shows peaks related to
both anatase and rutile phases, although 84.9% of
the peaks are related to anatase phase and only
15.1% are related to rutile phase. Anatase phase
is marked with the symbol A and rutile phase with
the symbol R. Titanium dioxide has a tetragonal
crystal structure in which Anatase phase has the
spatial group | 41/a m d and rutile phase has the
spatial group P 42/m n m. Lattice constants of
anatase phase of a=3.7850 A and ¢=9.5140 A and
lattice constants of rutile phase of a=4.5937 A and
c=2.9581 A were obtained. The peaks related to
anatase phase are located at angles of 26=25.34
(101), 37.02 (103), 37.90 (004), 38.61 (112), 48.10
(200), 54.07 (105), 55.12 (211), 62.78 (204), 69.03
(115), 70.35 (220), 74.08 (215) that are consistent
with PDF#21-1272 [18-19]. The peaks related
to rutile phase are located at angles of 27.47°,
41.29°, which are related to planes (110) and
(111), respectively. Fig. 1C shows all peaks related
to fullerene (C), wurtzite (W) phase of zinc oxide,
anatase (A), and rutile (R) phases of titanium
dioxide, exactly the same as C,-ZnO and C_-TiO,
single composites.

In order to determine the morphology of the
synthesized nanopowders, transmission electron
microscope image was prepared from all samples.
TEM images of the samples are reported in Fig.
2 for the nanopowders of a) C_-ZnO, b) C_-TiO,
and c) C,-TiO,-ZnO. According to Fig. 2, it is clear
that fullerene nanoparticles have a spherical
shape, the size of fullerene nanoparticles is very
small and less than 10nm. Fullerene nanoparticles
are located outside the surface of zinc oxide
and titanium dioxide nanoparticles. Titanium
nanoparticles are less than 30 nm and zinc oxide
nanoparticles are less than 50 nm in size and have
the good scattering. Fullerene nanoparticlesin C_-
TiO,-ZnO sample show the best scattering and are
not agglomerated. In C,-ZnO sample, fullerene
scattering is relatively good, but in C,_-TiO, sample,
fullerene nanoparticles are not clearly specified
(visible). Compared to agglomerated particles,
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good dispersion of small particles can create
more active sites for reaction. Similar images of
fullerene nanocomposites with TiO, and ZnO have
been reported by researchers [20-23].

In order to study the optical properties of
C,,-ZnO, C-TiO, and C,-TiO,-ZnO composite
powders, photoluminescence (PL) spectrum is
shown in Fig.s 3a, b and c.

The photoluminescence spectrum of C_-ZnO
composite shown in Fig. 3a only shows a strong
and broad emission band with a center of ~700
nm, this emission is usually related to point defects
such as: oxygen vacancy, zinc vacancy, interstitial
oxygen, interstitial zinc, hydroxyl group and so on
[24-28]. Typically, ZnO shows two emission bands:
one in UV domain due to the band-edge emission
and the other in the visible region due to the
defect emission [26]. In this case, the explanation
for the uncertain identification of UV emission
considers a neutral peak resulting from the high
density of point defect in ZnO.

In order to clarify the exact trend of charge
carrier separation and recombination in the
measurement of C_-TiO, nanocomposite,
photoluminescence (PL) spectrum measurement
was systematically performed [29]. Upon UV
excitation at 300 nm, the steady-state PL spectrum
was recorded for C_-TiO, in the range of 390-
450 nm (Fig. 3b), in which a prominent peak of
about 420 nm is attributed to TiO, bandwidth
transmission [30]. It is obvious that PL emission
of C_-TiO,-ZnO nanocomposite is much weaker
than C_-ZnO and C_-TiO, composites (Fig. 3c).
There are two main reasons for the decrease in PL
spectrum intensity in triple nanocomposite. On the
one hand, C,, component from which the electron
exits acts as an excellent receiver for electrons
produced by light in TiO, conduction band, thus
inhibiting the charge-carrier recombination trend
observed in C_-TiO, hybrid [31-33].

FTIR spectrum of C,-ZnO nanocomposite is
shown in Fig. 4a. The broad peak of about 3500
cm™ is absorbed due to water molecules. The two
peaks at 1554 cm™ and 1415 cm™ can be attributed
to C-C elongation, while the bands observed at 840
cm™ can be assigned to C-H functional groups. The
characteristic band of Zn-O bond, which allows us
to confirm the presence of zinc oxide, is located at
1618 cm™ [34].

FT-IR measurement was performed to further
elucidate the chemical composition of C_-TiO,
nanocomposite and can be seen in Fig. 4b. The
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bands seen in the range of 500-1000 cm™ are
attributed to the tensile vibration of Ti-O-Ti bonds
(505 cm™) and Ti-O bonds (712 and 889 cm?). It
should be noted that these bonds have a high
displacement compared to TiO, nanoparticles due
to the significant interaction between TiO, and C_.

In  the case of C-TiO,-ZnO triple
nanocomposites (Fig. 4c), FT-IR spectrum shows
the detectable peaks in 1093, 1382, and 1527
cm™ that are originated from C_-ZnO. It should be
noted that FT-IR spectrum in C_-ZnO and C_-TiO,
composites shows a peak close to 1700 cm™, which
is attributed to the asymmetric tensile vibration
of carbonyl group in carboxylic acid, which is
unexpectedly disappeared in triple composites
[35].

200 ml of 1ppm methylene blue solution was
prepared for each sample. 0.05g of C_-ZnO, C, -
TiO, and C_-TiO,-ZnO nanopowders were added

5 Cg0-ZnO
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to each solution. The solutions were stirred in
the dark for 30 minutes until the adsorption-
desorption operation is performed and the
samples reach the equilibrium. We separate 5 ml
of these solutions for UV-Vis test (A ). The solutions
were then irradiated for 120 minutes with UVC
(200-280 nm) and UVB (280-315 nm) lamps each
with the power of 18W. After 120 minutes, 5 ml
of solution was taken from each sample for UV-
Vis test (A). The percentage of methylene blue
degradation is calculated using the relation A -A/
A, [36]. The absorption spectrum of the samples in
terms of wavelengths at zero and 120 minutes are
plotted in Fig. 5.

According to Fig. 5, it is clear that after 120
minutes, a noticeable decrease is observed in
the absorption spectrum of the samples. The
percentage of methylene blue degradation at the
wavelength of 663nm for C_-ZnO, C_-TiO, and

o Cg0-TiO,
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Fig. 4. a) FTIR spectra C -ZnO nanocomposites b) FTIR spectra C -TiO, nanocomposites c) FTIR spectra C_-TiO,-ZnO
nanocomposites
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C,,-TiO,-Zn0 nanopowders is 64.21%, 26.23% and
70.77%, respectively. C_-TiO,-ZnO nanocomposite
has the highest percentage of dye degradation
and the best photocatalytic properties. As
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mentioned in the discussion of TEM images,
fullerene nanoparticles have the best scattering in
C,,-TiO,-Zn0 sample, and fullerene nanoparticles
have the best scattering in C_-TiO,-ZnO sample,
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Fig. 5. Absorption Spectrum of Samples in Terms of Wavelength at Zero and 120 Minutes, a) C,-
Zn0, b) C,-TiO, and c) C_-TiO,-ZnO
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in C,-ZnO nanocomposite, the scattering is also
relatively good, but in C_-TiO, sample, fullerene
nanoparticles are not clearly visible. Therefore,
C,,-TiO,-Zn0 nanocomposites, which have the best
scattering of fullerene and whose particles are not
agglomerated, show the highest percentage of dye
degradation, and good dispersion of small fullerene
nanoparticles can provide more active sites for
better photocatalytic activity. However, in C_-TiO,
sample, where fullerene particles are not clearly
specified, the lowest percentage of methylene
blue degradation is observed. Therefore, it can be
concluded that the higher the particle scattering
and the lower the agglomeration rate, it shows the
better photocatalytic properties.

Choetal [16] have synthesized the Nanowhisker-
Zn0 (C,) nanocomposites and studied the
dye degradation of methylene blue using this
nanocomposite. Their results show that various
factors such as particle size and surface porosity
affect the photocatalytic properties. Photocatalytic
properties are improved by reducing the particle
size and increasing the surface porosity. Pan et al
[36] have studied the photocatalytic activity of a
set of anatase samples with the dominant faces
of {001}, {101} and {010}, in the presence and
absence of fullerene. Based on their results, all
samples show very similar activity in the presence
of fullerene, while after removal of fullerene,
the sample with the highest percentage {010}
has the best photocatalytic activity, while the
sample with the lowest percentage {001} shows
the worst result. The effect of fullerene addition
on the photocatalytic properties of anatase
titanium dioxide has been studied by Bellardita
et al [19]. When the reaction mechanism requires
OH-radical intervention, the addition of C_ has a
positive effect on photocatalytic properties, as the
researchers said. However, when the reaction is
carried out by photogenerated holes, the addition
of fullerene can have a negative effect on the dye
degradation of methylene blue.

CONCLUSION

C,,TiO,, C,-Zn0, C_-TiO,-ZnO nanocomposites
were synthesized using sol-gel method. Structural
results in C,-ZnO samples show the wurtzite
hexagonal structure of zinc oxide, in addition
to the fullerene peak. In the sample of C_-TiO,
composite, the peaks related to both anatase and
rutile phases are observed.

All peaks related to fullerene (C), wurtzite
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(W) phase of zinc oxide and anatase (A) and
rutile (R) phases of titanium dioxide are also
exactly the same as C,-ZnO and C_-TiO, single
composites in XRD analysis results of C_-TiO,-ZnO
nanocomposites. The results of TEM images show
that fullerene nanoparticles are located outside
the surface of zinc oxide and titanium dioxide
nanoparticles. Titanium nanoparticles are less
than 30nm and zinc oxide nanoparticles are less
than 50nm in size. Fullerene nanoparticles in C_-
TiO,-ZnO sample show the best scattering and are
not agglomerated. In C_-ZnO sample, fullerene
scattering is relatively good, but in C_-TiO,sample,
fullerene nanoparticles are not clearly specified.
The photoluminescence (PL) spectrum measured
for C_-TiO,-ZnO nanocomposite is much weaker
than C_-ZnO and C_-TiO, composites. According
to TEM results, photocatalytic results show that
C,,-TiO,-Zn0 nanocomposite have the highest
percentage of dye degradation and the best
photocatalytic properties, due to having the best
scattering.
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