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CARBON DOPED TiO, THIN FILMS FOR PHOTO CATALYTIC
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Nanocrystalline TiO, is a highly suitable material for photo catalytic applications. TiO,
nanocrystals have been synthesized by simple sol-gel method at different pH values. By
using liquid impregnation method carbon doped TiO, nanocrystal has been prepared.
Carbon doped TiO, nanocrystalline thin films have been prepared by doctor blade method.
The photo catalytic activities of the prepared carbon doped TiO, nanocrystalline thin films
are investigated based on oxidation and decomposition of methylene blue in aqueous
solution. The photo catalytic study has been carried out using UV visible spectrometer. It
has been confirmed that the pH of the sol plays a vital role in photo catalytic application.
TiO, nanocrystals synthesized using pH = 10.6 shows considerable degradation of
methylene blue than the nanocrystals synthesized using other pH values.
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1. Introduction

Titanium dioxide is one of the widely used photo catalytic material because of its high
specific surface area, chemical & physical stability, outstanding photocatalytic activity and
stability towards photo corrosion [1,2]. Because of its strong oxidizing power of photo-generated
holes, chemical inertness, and nontoxicity, TiO, photocatalysis offers promising technologies for
chemical synthesis, environmental purification, energy renewal, and energy storage [3].
Unfortunately, because of its wide band gap (3.2 eV) it can be activated only under UV light
irradiation. However it is reported that the nanocrystalline TiO, can absorb about 5% of the
sunlight from UV region. It will have a positive effect for improving the photocatalytic efficiency
of TiO, by shifting its optical response to the visible range. To increase the absorption rate of
visible light by narrowing the band gap energy and lower the e-h recombination, there are several
attempts have been made [4]. Among them doping some transition metal is important but these
metal-doped photocatalysts have been shown to suffer from thermal instability, and metal centers
act as electron traps, which reduce the photocatalytic efficiency [5-8]. Recently, doping TiO, with
nonmetal atoms such as nitrogen [9, 10], carbon [2, 6, 8, 11, 12], and sulfur [13] has received
much attention. Because nonmetals may be more appropriate for the extension of photocatalytic
activity of TiO, into the visible-light region because impurity states are near to the valence band
edge, but do not act as charge carriers. Furthermore, their role as recombination centres might be
minimized as compared to metal doping. Although doping with nitrogen and sulfur shows a
similar band gap narrowing [14], it would be difficult to incorporate it into the TiO, crystal
because of its large ionic radius [9]. Doping with carbon results in about a 50 nm red shift in the
absorption spectra [9,12,14], and improved photoactivity in the visible-light region by decreasing
the recombination rate in photogenerated electron—hole pair with doped carbon as electron
scavengers. The photo catalytic activity is also determined by its crystalline phase of TiO, [15].
The hydrolysis condition has an influence on the phase composition. It has also been reported that
specific morphology can be obtained by changing the hydrolysis media [16]. Even though the TiO,
nanocrystal provides high catalytic surface area and photo catalytic activity but after the
application it is difficult to remove it from the suspension [17]. This problem can be overcome by
using TiO, in thin film form. Activity of immobilized catalyst is very low and to increase the
absorbance ability of the immobilized photo catalyst, carbon can be used [18]. To synthesis TiO,
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nanocrystals there are variety of methods have been used such as sol-gel, hydrothermal, and co-
precipitation method [19-21]. Out of the different methods available for the preparation of TiO,
nanoparticles, the sol-gel method is simple, inexpensive, non-vacuum and low temperature
technique [19]. In the present work sol gel method is used to synthesize TiO, nanocrystals and
carbon doping is done using liquid impregnation method. The carbon doped TiO, thin film is
formed by using doctor blade method. In this study, the morphology, and optical properties of the
as-prepared nanomaterials were investigated systematically using various characterization tools.
The photocatalytic activity was evaluated for degradation of methylene blue under visible light
irradiation.

2. Experimental

Titanium isopropoxide (Alfa Aaser 99.9%) has been used as the titania precursor.
Absolute ethanol (Hayman 99.9%) has been used as a solvent. The desired pH (pH=2.6, 7, and
10.6) of the sol was controlled by adding dilute nitric acid and sodium hydroxide. Titanium
isopropoxide is added drop wise to ethanol with stirring. After one hour stirring, nitric acid
/sodium hydroxide is added to achieve the desired pH. The final sol is dehydrated in open
atmosphere at 70°C for the desired period of 48 h for the nucleation and growth of TiO,
nanoparticles. The resulting nanoparticles were washed with distilled water and the obtained
solution was centrifuged at 5,000 rpm for 10 min, the washing and centrifuging was repeated
several times in order to remove the impurities completely from the nanoparticles, and then the
sample was dried at 70°C for 1 h. The synthesized nanoparticles were annealed at 425°C for
30 min.

Azadirachta indica, also known as Neem leaves were used to prepare Carbon, collected
Neem leaves were cleaned and washed and sun dried for 24hrs. The samples were crushed in order
to be processed further in the furnace. Carbonization of the precursor was carried out at a
temperature of 500°C, the carbonization was achieved in a muffle furnace for 4hrs. The prepared
carbon was further treated by HCI (0.1M) and NaOH (1M) and Ammonia solution. Then the moist
activated carbon was kept in the furnace at 550°C (activated temperature) to increase the porosity
of the activated carbon. The resulting activated carbon was washed with distilled water and dried
in the furnace at 100°C for 2hrs. It was then packed in the dry container. Using liquid
impregnation method Carbon-doped TiO, (C-TiO,) nanoparticle was synthesized according to the
following steps. First, 2 g of synthesized TiO, nanocrystals was added to 50 ml deionized water.
Then the required amount of prepared carbon was added to TiO, suspension, the slurry was stirred
well. The mixed solution was then transferred into a 100ml Teflon autoclave without stirrer,
sealed with a stainless steel lid, and aged at 160°C for desired period of 24h for the nucleation and
growth of carbon doped titania particles. After the end of the reaction, the mixture was cooled in a
natural way. The obtained solid products were centrifuged and washed with distilled water,
followed by drying at 80°C in air.

To prepare C-TiO, thin films, the paste was prepared as described by Chae et al., [22].
Briefly, paste was produced by mixing 2.0 g of C-TiO, powders with a mixture consisting of 5.0 g
of a- terplneol 0.5 g of cellulose, and 20 ml of ethanol, which was sonicated for 24 h at 1,200
Wem', By using the prepared paste C-TiO, thin films were prepared by coating the paste on a well
cleaned glass substrate using doctor blade technique. The prepared films were annealed at 425°C
for 30 min. To identify the crystal structure, X-ray diffraction studies were carried out using
Shimadzu (Model - XRD 6000), X-ray diffractometer with nickel-filtered CuKa (30 kV, 30 mA).
The surface morphology of the samples was studied using scanning electron microscopy (SEM,;
JSM6390, JEOL). The absorbance spectra have been recorded using a spectrophotometer JASCO
V-570. Photo catalytic activity was carried out in a specially designed reactor in which the light
source was 8W UV lamp (Philips TUV-08). The prepared C-TiO, thin films were used as catalyst.
0.5 mol of methelene blue dye was taken in a beaker and C-TiO, thin films were suspended into
the beaker and treated with UV lamp by varying irradiation time and pH of the nanocrystals. The
absorption spectra were recorded using UV-Vis spectrophotometer and rate of decolorization was
observed.

3. Results and Discussion

The X-ray diffraction pattern of C-TiO, nanocrystals annealed at 425°C and prepared
using different pH conditions (pH=2.6, 7, and 10.6) are shown in Fig. 1. The C-TiO, nanocrystals
prepared at pH=2.6 shows the peaks at 26 values of 25.14, 27.30, 37.67, 47.89, 53.80, 54.92, 62.44
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and 68.7. These 20 values correspond to (101), (102), (004), (200), (105), (211), (213), and (116)
planes of anatase phase of TiO, and are in good agreement with standard JCPDS data (82-2243).
The typical peaks in diffraction pattern for the C-TiO, nanocrystals synthesized using pH= 7 and
pH= 10.6 are also shows the planes of anatase phase. From these results it is seen that only the
anatase phase is present in all the samples. The dominance of anatase phase is considered as a
favorable condition for the enhancement of photo catalytic activity in TiO,. The average grain
size estimated by using Scherrer's equation for the (101) peak. The calculated grain size and the
lattice parameter values a and c are tabulated and it is shown in Table 1. It is observed that the
particle size increases with increase of pH. However the d spacing is more or less same. This
implies that the doping process does not change the average unit cell dimension. The growth of the
particle size is due to the result of the charges present on the surface of TiO,nano crystal in lower

pH and higher pH conditions, both pH conditions can restrain the crystallization speed by
Coulomb force [23].

Table.1 Particle size and structural properties of C-TiO, nanocrystals

pH Values | Particle size (nm) | a—value (nm) | c-value (nm) | d-spacing (nm)
2.6 19.7 3.81 10.07 3.53
7.0 21.2 3.20 10.05 3.56
10.6 22.6 3.80 10.04 3.55
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Fig. 1. X-ray diffraction pattern of C-TiO, nanocrystals prepared using different pH values
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Fig. 2 (a,b and c) shows the SEM images of C-TiO, nanocrystals prepared at different pH
values. The SEM images show the presence of carbon particles on the agglomerated TiO,
nanocrystals. The shape of the TiO, nanocrystals synthesized at all pH values appears like a
rectangular slab. It has been observed that the size of the carbon particles and TiO, nanocrystals
increases with increase of pH values. Figure 2 (d) shows the EDXA pattern of C-TiO, nanocrystals
and the compositional analysis shows the presence of Ti, C and O. The TEM image of C-TiO,
nanocrystal prepared at pH=10.6 is shown in Figure 3 (a) and (b). The figure clearly shows that the
particle size is found to be in the range of ~20 nm and it is in good agreement with the particle size
calculated from XRD results. Figure 4(b) clearly shows the C-TiO, nanocrystal present in the form
of rectangular slab, and rod. This is also similar to images obtained from SEM analysis. The
selected area electron diffraction pattern is shown in Figure 3(c) and the pattern indicates the
discernible Debye Scherer rings of (101) (211) and (116) diffractions which are characteristic
peaks of the anatase phase of TiO,.
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Fig 2. SEM images of C-TiO, nanocrystals prepared using (a) pH=2.6 (b) pH=7 and pH=10.6
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Fig. 3. TEM and SAED pattern of C-TiO, nanocrystals prepared at pH=10.6.

The UV-Vis absorption spectra of C-TiO, nanocrystals are shown in Figure 4. The
absorption edge is found to vary for different pH value which is due to the variation of particle size
with pH values and this result is also similar to the results reported by Yurdakal et al [24]. The
photo catalytic activity mainly depends on the rate of e-h recombination, if the e-h recombination
rate is high, the photo catalytic activity gets decreases [25] and hence it is necessary to improve the
light absorption in the visible range. As the carbon doped TiO, nanocrystalline thin film absorbs
more light it can be assumed that the carbon doped TiO, nanocrystalline thin film may have higher
visible photo catalytic activity [26]. The red shift of absorption edge for the TiO, nanocrystals
prepared at higher pH values corresponds to the band gap narrowing and it could be attributed to
the carbon doping [27].
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Fig. 4. UV-Vis absorption spectra of C-TiO, nanocrystals prepared at different pH values
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Fig. 5. The time dependent UV-Vis absorption spectra of methylene blue subjected to C-
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Figures 5 (a, b and c) show the typical time dependent UV-Vis spectra of methylene blue
dye during photo irradiation with C-TiO, thin films. The rate of decolourization was recorded with
respect to the change in the intensity of absorption peak in visible region. The prominent peak is
observed at Ay Of 656.50 nm which decreased gradually with increase of irradiation time from 1
hour to 3 hours, the percentage degradation (% D) was calculated using the following equation.

Percentage of degradation (%D) = (Ao - A; /A)*100

Where A= absorbance at t = 0 minute

A; = absorbance at t minute

For the degradation experiments, fixed amount (10ppm) of methylene blue dye was taken
in a beaker and the nanocrystalline carbon doped TiO, thin film was suspended inside the beaker.
The beaker was subjected to irradiation under UV light (8W Philips bulb TUV-08) kept at a
distance of 15 cm for fixed interval of time. Figure 6 (a, b and c) shows the effect of irradiation
time of the catalyst on the decolourization of methylene blue. It can be observed that the initial
slopes of the curves representing rate of decolourization, increases greatly with increasing
irradiation time. The catalyst dosage also decided the photo catalytic destruction of other organic
pollutants [28]. This can be explained on the basis of catalyst loading which is found to be
dependent on initial solute concentration because with the increase in catalyst dosage, total active
surface area increases. Hence availability of more active sites on catalyst surface increases [29].
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The degradation of the methylene blue is studied by using UV spectrophotometer of type
UV-1800 series. It is observed from the Figure 5 that the maximum absorbance wavelength
corresponds to methylene blue dye is 656.50 nm. The intensity of the peak corresponding to the
maximum wavelength decreases as time increases i.e., the degradation of methylene blue is in
proportion with time. The degradation of methylene blue by the nanocrystalline carbon doped
TiO, thin film synthesized using pH=2.6 is 20.16%. This poor degradation of methylene blue by
the nanocrystalline carbon doped TiO, thin film is due to positive surface charge on the TiO,nano
crystalline surface. The positive charge on the TiO, surface does not pay attention to attract the
methylene blue molecule since it is a cationic dye [30]. The degradation of methylene blue by the
nanocrystalline carbon doped TiO, thin film using pH=7 is 73.91%. The degradation of methylene
blue by the nanocrystalline carbon doped TiO, thin film synthesized using pH=10.6 is 81.45%.
This may be due to the negative surface charge on the TiO,nano crystalline surface these charge
readily attract the methylene blue molecule and degrade it.

4. Conclusion

Nanocrystalline carbon doped TiO, Thin films have been successfully prepared by loading
carbon on TiO, nanocrystalline material synthesized using different pH conditions Results indicate
that the light absorption extends to the visible region for the nanocrystalline carbon doped TiO,
thin film synthesized using pH=10.6. The doping of carbon with nano crystalline TiO, material
enhances the photocatalytic activity. In our work it is found that the nanocrystalline carbon doped
TiO, thin film synthesized using pH=10.6.has the highest photocatalytic activity under UV
radiation. The negative surface charge on the nanocrystalline TiO, material synthesized at higher
pH (pH=10.6), and the interaction between the carbon and TiO, nanocrystalline material may be
responsible for the high photocatalytic activity.
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