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Abstract: In this paper, synthesis of titania (TiO2) thin film and a nanocomposite of multi-walled carbon
nanotubes (MWCNTSs) and titania, as MWCNT-TiO; by sol-gel method, are reported. The samples produced
have been studied by XRD diffraction pattern, dispersive micro-raman backscattering spectroscopy and
UV-Vis spectroscopy. Results showed that MWCNT/TiO2 nanocomposite has two phases of carbon
nanotubes and TiO; anatase, as expected. The homogeneous sol was prepared by using magnetic stirrer in
high rate status and also adding basic material drop by drop. It as observed that the photocatalytic
properties of nanocomposite have progressed.
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1. Introduction

Optical and electrical properties of semiconductors at nano-scale are different from that at bulk scale. The
concept of nanocomposites has attracted very interest in recent decades. Sol-gel method is known as a
primary method of producing the nanocomposites. One advantage of this method is producing carbon
nanotubes coated with nanoparticles as dopants. Carbon nanotubes are a specific class of materials that
have attracted the attention of many researchers due to its mechanical and electronic properties.
Composition of nanotubes with nanocrystals, has many applications in photocatalysts, sensors,
nanoelectronics, oxygen and information storing, and in reinforcement of the polymers, ceramics and
composite materials [1]. Today, TiO; nanoparticles are used in the fields of environment catalysis [2]. These
materials have optical properties in Near-UV region of light. Photocatalytic activity of TiO2 can be improved
with the addition of nano-scale semiconductor. This issue has been identified that a proper combination of
TiO2, can improve the photocatalytic activity and this effect is more observable with in combination with
anatase TiO; nanoparticles [3]. Recently, several methods to synthesis of semiconductors at the nano-scale
have been used, such as chemical vapor deposition (CVD), sol-gel, etc. [4]. The present paper, studied the
sol-gel method used in producing a nanocomposite of titanium dioxide (TiOz) nanoparticles and
multi-walled carbon nanotubes (MWCNT) in order to improve the photocatalytic activity. In this research,
the physical properties of samples produced have been studied by XRD patterns, laser Raman scattering
and UV-Vis spectroscopies. PUBLISHING reserves the right to do the final formatting of your paper.

2. Experimental

2.1. Synthesis of Titanium Dioxide Thin Films
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Titanium dioxide thin films were stacked on the substrates from the appropriate sol using sol-gel method
and by spin-coating technique. To prepare the appropriate sol, at first 50 ml of ethanol (CH3CH20H) with a
purity of 99.9% and 5 ml of acetic acid (CH3COOH) with a purity of 99.5%, stirred with the magnetic stirrer
for 5 min. Then, titanium isopropoxideTi[OCH(CH3)2]4 with a purity of 98% was added drop-wise to the
solution. Resulting solution was stirred for two minutes using a magnetic stirrer. Inmediately after it was
prepared, the solution was coated on the glass or quartz substrates, which we prepared it before, using
spin-coating method. All substrates were cleaned first with neutral detergent and water in an ultrasonic
bath and then with DI water. Next, ethanol was used to clean them better and finally, acetone was used to
remove stains and eliminate the possible fat. For deposition on the substrates, spin coater device (Model
S.C.S 86, Speed: 3000 rpm) was used at room temperature for 30 seconds. After each coating step on the
substrates, they were heated in a dryer in 150°C for 15 minutes in order to dry thin film. Then another layer
is coated on previously coated layer on same substrate with the order mentioned above to make a thicker
film. To anneal the substrates, furnace was raised from the room temperature to 550 °C with a rate of 1
degree per minute. Then the sample was held at this temperature for half an hour. After that, the sample

was returned to the room temperature.

2.2. Synthesis of CNT/TiO2 Nanocomposites

In this section, the sol-gel method was used. To produce CNT/TiO, nanocomposite, first 0.1 mole of
titanium is opropoxide Ti[OCH(CH3)2]4 with a purity of 98% and 200 ml of ethanol ( CH3CH20H ) with a
purity of 99.9%, were stirred with a magnetic stirrer for 30 minutes. Then 1.6 ml of nitric acid (65 wt%)
was added to the above solution. In this study, samples with different percentages of CNT were synthesized
in order to study the possible differences in crystal structures of the produced nanocomposites. To this end,
once 0.2 g of multi-walled carbon nanotubes with a purity of 0.95% and once 0.6 g of that, was added to the
solution and was stirred with a magnetic stirrer for about 45 min while the beaker was covered with an
end-cap. After the solution was prepared, in order to aging, it was in the presence of air for a few, until its
water evaporated completely. Thus, the resulting nanocomposite is prepared in powder form. To anneal,
nano-powder was placed in a furnace in nitrogen gas atmosphere at 400 °C for 2 h.

3. Disscussion

3.1. Investigation of Raman Spectra

Raman spectra of these samples, were investigated by Almega Thermo Nicolet Dispersive Raman
Spectrometer with wavelength of 523 nm and Nd:YLF laser with power of 30mW. In Fig. 1, Raman spectrum
of carbon nanotube is shown. Peaks 1362 cm-1, 1610 cm-1, 2652 cm-1 related to D, G and G', respectively.
Others observed peaks are due to catalyst and impurities created from it [5].
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Fig. 1. Raman spectrum of carbon nanotube.
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In Fig. 2, Raman spectra of titanium dioxide thin film synthesized at 550 °C, are shown. Peaks present in
the figure, indicate the anatase phase of titanium dioxide [6].
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Fig. 2. Raman spectrum of titanium dioxide thin film.

Group theory, predicts the existence of six symmetrical optical modes, Alg +2B1g +3Eg, in anatase
titanium dioxide [7] .

Alg +2B1g +3Eg=Toptical

As we can see in Fig. 2, the strong peak at 146 cm! indicates Eg mode. The peak at 197cm ! also indicates
Eg mode. The peak at 394 cm'! indicates B1g. Peak at 514 cm! indicates A 1g. The peaks at 520cm! and 638

cml, indicate Blg and Eg mode, respectively [8]. Fig. 3 shows the Raman spectrum of CNT/TiO;
nanocomposite synthesized at 400 °C.
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Fig. 3. Raman spectrum of CNT/Ti02 nanocomposite.

As shown in Fig. 3, there are peaks in the synthesized nanocomposite that related to both titanium
dioxide and carbon nanotubes. According to Fig. 3, the peak at 146 cm™ that shows Eg mode of anatase
titanium dioxide, has been sharper.

On the other hand, the peak at 1610 cm}, is graphite peak (G) of carbon nanotube. It is seen that the peak
intensity in nanocomposite is increased than the initial nanotube. In Fig. 3, the peak at 1362cm-! is related
to the D Band. By Comparing Fig. 2 and Fig. 3, we can see a reduction in the intensity of peak D than peak G.
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It should be noted that the process of adding TiOz to CNT to produce CNT/TiO2 nanocomposites, could be
useful until a certain value. After that, this increasing, in turn would be a factor to creation of more defects
and thus increasing the intensity of peak D. Raman spectrum taken from a sample with higher percentage of
titanium dioxide than CNT in the final composite, is seen in Fig. 4. According to the figure, we find that the
intensity of peak G of carbon nanotube in nanocomposite, has been decreased. FWHM of the main peak of
anatase 146cm! related to Eg mode is increased from 10/65 cm for titanium dioxide to 11/34 cm for

CNT/TiO2 nanocomposite.

3.2. Investigation of X-ray Diffraction Patterns of the Samples

X-ray diffraction patterns, were studied using X'Pert XRD; PHILIPS with wavelength of 1.54 A.

Sample (1) was deposited for four times with the rate of 3000 rpm, thickness of 149 nm and annealing
temperature of 550 °C.

Sample (2) was deposited for three times with the rate of 3000 rpm, thickness of 119 nm and annealing
temperature of 550 °C.

It can be seen that both samples, have tetragonal structure and have the peaks of (101), (004), (200) and
(105). In both samples, preferred peak of (101) is exist (Fig. 5).
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Fig. 5. Comparison of the spectra of X-ray diffraction pattern: a): a film with thickness of 119 nm. b): a film
with thickness of 149 nm.

In Fig. 6, we investigate X-ray diffraction pattern of CNT/TiO; nanocomposite. We can see peaks at 20
angles of 26° and 44° related to the Bragg reflection planes of (002) and (100).
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Fig. 6. X-ray diffraction pattern of the initial carbon nanotube.

Diffraction pattern of titanium dioxide thin film is related to four main diffraction peaks at 26 angles of
26°, 38° 48° and 54° related to the crystal planes of (101), (004), (200) and (105), respectively (Fig. 7).
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Fig. 7. XRD patterns of titanium dioxide thin film.

We can see from XRD pattern of the final composite that it has peaks composed of peaks of the initial

carbon nanotube and titanium dioxide thin film.
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Fig. 8. X-ray diffraction pattern of CNT/TiO; nanocomposite.
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As can be seen in Fig. 8, diffraction peaks indicate the presence of anatase titanium dioxide in
nanocomposites that it is in good agreement with the files of JCPDS 78-2486. Bragg reflection plane (101)
related to anatase phase, is overlapped with carbon nanotubes’ plane (002).

Different percentages of the carbon nanotube reduce to somewhat the intensity of peaks and increase to
somewhat the width of peaks. We can conclude that the grain size is decreased by increasing the
concentration of CNTs in the solution. This is due to the fact that carbon atoms are linked together that
prevents the crystal growth of TiO; within the nanocomposite. Calculations performed based on Debye -
Scherrer relation, estimated the grain size of titanium dioxide thin films about 20 nm, and same calculations,
estimated the grain size of CNT/TiO2 nanocomposite about 17 nm.

3.3. Investigation of UV-Vis Spectrum of the Samples
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Fig. 9. Transmission spectrum of titanium dioxide thin film with thickness of 119 nm.
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Fig. 10. Transmission spectrum of titanium dioxide thin film with thickness of 149 nm.

Absorption and transmission spectroscopies were performed by RAY LEIGH device (Model 2601 UV).
UV-visible spectrum of titanium dioxide thin films coated on glass with thicknesses of 119 and 149 nm was
investigated in order to examine their optical properties. Transmission spectrum of the annealed sample
was investigated. As we can see in Fig. 9, maximum transmission occurs in the range of 515-560 nm. In
addition, we can observe that by increasing the thickness of samples, transmission peak shifts towards the
higher wavelengths. This may be due to the change in the optical energy bandgap in thicker layers.
Relatively high transmission through the film indicates low roughness and high uniformity of the film’s
surface [9].

In Fig. 11, we can see UV absorption spectrum of the synthesized titanium dioxide thin film. According to
the figure, an absorption band near the wavelength of 387 nm is seen related to titanium dioxide particles,
which lies in ultraviolet region of light.

14

124 TiO2

1.0

o8

DG.\_’_\

04 |
02

0.0 -

Absorbance (a.u.)

350 400 450 500 550 600 650

Wavelength (nm)

Fig. 11. UV absorption spectrum of titanium dioxide thin film.
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Fig. 12. Absorption spectrum for pure CNTs.
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Pure carbon nanotube shows absorption over the entire range of visible light.

Sample (1) consists of 0.2 g and sample (2) consists of 0.6 g of CNT. Formation of TiO; nanoparticles
within carbon nanotubes implies that in production process, the growth TiO2 at nano-scale is effectively
restricted. This result already has been confirmed by Raman spectroscopy and X-ray diffraction pattern.
Results show that in both samples a wide optical absorption is present in the visible region of light, in
addition to the absorption band near the wavelength of 387 nm. The peak observed in absorption spectra of
both samples (see Fig. 13), shifts towards the blue compared to the absorption spectrum of titanium oxide
(see Fig. 14). This blue shift can be due to the effect of particle size. In addition, we can see that the visible
light absorption spectrum of titanium oxide coated on carbon nanotube, increases by increasing CNTs in the
composite (visible light absorption spectrum of the sample (2) is more than of the sample (1). In ddition,
the possibility of increasing the surface charge of titanium dioxide in the composite due to the addition of
carbon nanotube is present. This may alter the process of arrangement of the electron - hole pairs and the
photocatalytic activity under visible light irradiation [10].
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Fig. 13. Absorption spectrum for nanocomposite consisting of 0.2 g of CNTs.
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Fig. 14. Absorption spectrum for nanocomposite consisting of 0.6 g of CNTs.

4. Conclusion

In this research, titanium dioxide thin films and CNT-TiO; nanocomposite are synthesized using sol-gel
method. Characterizations of the samples have been studied by XRD diffraction pattern, dispersive
micro-raman backscattering spectroscopy and UV-Vis absorption and transmission spectroscopies. Results
show the presence of only titanium dioxide anatase phase. The preferred peak of crystal growth of TiO;
anatase is (101). X-ray diffraction pattern of CNT-TiO; nanocomposite indicates the overlapping of (101)
planes of titanium dioxide and (002) planes of carbon nanotube. By comparing the grain sizes of thin film
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and nanocomposite, we can see the decreasing of the particles, due to the presence of CNTs. By increasing
the thickness of thin films, the grain sizes are also increased. By increasing the thickness of titanium dioxide
thin films, the transmission peak shifts to the higher wavelengths. This may be due to the change in the
optical energy bandgap in thicker layers. Relatively high transmission through the film indicates low
roughness and high uniformity of the film’'s surface. Producing the nanocomposite, improves the crystal
structure of TiO; and we observe that the Eg peak related to anatase dioxide titanium, is sharper. The
presence of TiO2 in nanocomposite resulted to reducing the disordering peak (D) and increasing the
graphite peak (G). By comparing UV-Vis absorption spectra of TiO and CNT/TiO2 nanocomposite, we can
see a blue shift in absorption band of the nanocomposite. This may have occurred due to the addition of
CNTs to TiOz and decreasing in particle sizes. By addition of CNTs, we observe an increasing in absorption in
visible region of light and increasing of surface charge and enhancement of photocatalytic activity of
CNT/TiOa.
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