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1. Introduction

Single-walled and multi-walled carbon nanotubes (CNTs) have interesting physical and technological properties. CNTs
have large surface areas, high strength and good electrical conductivities [1,3]. MWCNT-TiO, composite structures have
a number of applications including photocatalytic and hydrophilic activities, solar cells, lithium ion batteries, biosensors
and electrochemical capacitor due to their mechanical, chemical and electrical properties [2-12]. MWCNT-TiO, composites
show higher photocatalytic activity than pure TiO, structures [2,13]. MWCNT-TiO, structures have been prepared with
different methods such as sol-gel deposition, chemical vapor deposition (CVD), hydrothermal deposition, and electrospin-
ning deposition etc. [1-3,13]. MWCNT-TiO, QDs composites can be produced as powder, films, etc. [4-6]. Combining TiO,
films with CNTs improves aspects such as mechanical and optoelectronic efficiency [14]. TiO, quantum dots have different
properties because of quantum confinement effects, small size, and high surface area. If the particle size is comparable to the
Bohr exciton radius of the material, one can investigate that this material which contain QDs display quantum confinement
effects considerably. Only if radius of particles is smaller than exciton radius, particles exhibit strong confinement. While
exciton Bohr radius of hydrogen: 0.53 A, the exciton radii of TiO, nano-particles are between 7.5 and 19 A [15]. Quantum
size effect occurred in TiO, particles which have radius in the range of 1-10nm [16,17]. Quantum size effect of QDs means
controlling the band gap, thus tuning the discreteness of the energy levels depending on the size. Brookite phase of TiO5 is
difficult to produce purely and there is no any study about brookite phase of MWCNT-TiO, QDs composite films [16]. The
effect of precursor ratios on the film is here presented where TiO, quantum dots are incorporated in the film structure in
addition with MWCNT in order to form the dispersed media of TiO, QDs in MWCNT-TiO, films.
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Table 1
Size calculations of QDs from XRD and UV-vis measurements by using Scherrer and Brus equations for different Acid:TiO; ratios.
Data Acid:TiO; ratio Xrd graph Scherrer’s equ. Brus equ. QDs size (nm)
QD size (nm)
a 0.05 2.99 2.18
b 0.1 3.58 3.81
[« 0.2 422 413
d 0.4 5.52 5.15

2. Experimental
2.1. Preparation of solutions and coatings

TiO, QDs and MWCNT-TiO, QDs composite thin films were prepared using sol-gel method. TiO, solution was prepared
by dissolving 1.2 ml titanium isopropoxide Ti(OCH(CH3),)4 in the solution which contains 11 ml ethanol, 0.12 ml acetic
acid (AcAc) and 0.038 ml water. Firstly, titanium isopropoxide, ethanol and water concentrations were held fixed, and then
acid:TiO; volume ratios were changed to 0.4, 0.2, 0.1, 0.05.

Secondly, TiO, solution (acid:TiO, volume ratios: 0.05) and MWCNT (outer diameter 20-40 nm, cheaptubes-commercial)
were used to prepare the four different solutions for MWCNT:TiO, ratio: 0.005, 0.00375, 0.0025 and 0.00125. The solutions
were mixed using a magnetic stirrer for 3 h and then they were deposited on corning 2947 glass substrates by a spin-coating
technique with a speed of 3000 rpm. Eight different sol-coated glass substrates were annealed at 470 °C. The process was
repeated at420,520,and 570 °C heat treatment temperatures for TiO, QDs contained film with volume ratio of acid: TiO, = 0.2.

2.2. Characterization of coatings

TiO, QDs and MWCNT-TiO, QDs composite films deposited on glass substrates were characterized by X-ray diffrac-
tometer (XRD, Philips PW-1800, Cu-Ka radiation). A scanning electron microscopy (SEM-S-3100H, Hitachi Ltd.) and atomic
force microscope (AFM, Shimadzu scanning probe microscope SPM-9500J3) were used to investigate the surface morphol-
ogy of these films. UV-vis spectroscopic analysis of films was performed using UV-visible absorption spectrophotometer
(Perkin-Elmer Lambda 900 with Labsphere integrating software).

3. Results and discussion
3.1. XRD analysis

XRD was employed to study the crystal structure of the prepared films. TiO, QDs films which were produced with various
acid:TiO, ratios and MWCNT-TiO, QDs composite films for different MWCNT:TiO- ratios were analyzed in Fig. 1.

The diffraction patterns of the films demonstrate that both TiO, QDs and MWCNT-TiO, QDs films included brookite
(orthorhombic) phase of (211) (JCPDS card No. 75-1582) [17].

The crystal sizes of TiO, QDs for different acid:TiO- ratios and TiO, QDs in MWCNT-TiO, QDs composite film are calculated
with Scherrer’s formula according to the XRD results. They are displayed in Table 1. TiO, QDs crystal sizes were determined
between 2.99 and 5.52 nm for different acid:TiO, ratios and these values were found near the TiO, exciton Bohr radius.
The results indicate that a decrease in the ratio leads to the increase in the TiO, QDs size. That is to say, the sizes of TiO,
QDs decreased with the increase in acid:TiO, ratios due to the accelerated reaction with the increase in the amount of acid.
Furthermore, the increase in the amount of TiO, causes the agglomeration, so the crystal size of TiO, QDs in MWCNT-TiO,
QDs composite films increases with this increment.

The activation energy of TiO, QDs films was calculated by Arrhenius equation. The average QDs size (d) can be determined
using Eq. (1): a is the intercept, R is the universal gas constant, T is the temperature (Kelvin), and E is the activation energy.

Ind = —E/RT + Ina (1)

Fig. 2 represents a plot of logarithm of the particle size versus the temperature (1000/T). The activation energy for the
TiO, QDs growth was determined using the slope of the line in Fig. 2 and Eq. (1) as 20.3 kJ/mol. The activation energy of
the rare brookite phase has been found less than the values of other phases in the literature because of the difficulties in
obtaining brookite crystal phase. In this case, the total surface energy increases and that leads to growth of QDs require less
energy.

TEM images of TiO, QDs are shown in Fig. 3. The particles size was approximately determined as 5 nm for acid:TiO; ratio
of 0.05. TEM images of the films are difficult to measure because the films are very thin.

SEM and AFM images of TiO, QDs and MWCNT-TiO, QDs composite films are shown in Fig. 4 and Fig. 5. Fig. 4 indicate
that TiO, QDs were located on the MWCNTs. Surface roughness values of the films were determined to be Rms: 5.07; 5.65;
6.80; 8.22 nm for MWCNT:TiO, ratios of 0.005, 0.00375, 0.0025 and 0.00125, respectively. For different acid:TiO, ratios of
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Fig. 1. X-ray diffraction patterns of (I) TiO, QDs films for different acid:TiO, ratios: (a) 0.05, (b) 0.1, (¢) 0.2, (d) 0.4; (II) MWCNT-TiO, QDs composites films

for different MWCNT:TiO; ratios: (a) 0.00125, (b) 0.0025, (c) 0.00375, (d) 0.005, (III) TiO, QDs films for different heat treatment temperatures: (a) 570, (b)
520, (c) 470, (d) 420°C for acid:TiO, volume ratios: 0.05.
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Fig. 2. Arrhenius plot of TiO, QDs films for acid:TiO, volume ratios: 0.05.
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Fig.4. SEM images of TiO, with different acid:TiO, ratios: (a) 0.1, (b) 0.05, MWCNT-TiO, QDs composite films with different MWCNT:TiO, ratios: (c) 0.005,
(d) 0.0025.

to 0.4, 0.2, 0.1, 0.05, the roughness values were evaluated to be Rms: 1.9; 2.2; 3.5; 4.51. The roughness increased with the
decreasing acid:TiO, and MWCNT:TiO, ratios.

Absorption graphs of TiO, QDs and MWCNT-TiO, QDs composite films are represented in Fig. 6. When MWCNT’s amount
was held fixed, absorption edge shifts to a longer wavelength by increasing the TiO, ratios.

The sizes of TiO, QDs can be calculated using the absorption shift and effective mass model (particle in a box problem)
by Brus equation in Fig. 6 [18]. QDs’ sizes were determined from the relationship between band gap shift (AEg) and radius
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Fig. 5. AFM images of TiO, with different acid:TiO, ratios: (a) 0.1, (b) 0.05, MWCNT-TiO, QDs composite films with different MWCNT:TiO; ratios: (c) 0.005,
(d) 0.0025.
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Fig. 6. UV-vis spectraof (a) TiO, QDs films for different acid:TiO, ratios: 0.4; 0.2; 0.1; 0.05, (b) MWCNT-TiO, QDs composite films for different MWCNT:TiO,
ratios: 0.005; 0.00375; 0.0025; 0.00125.

(r) of QDs using Eq. (2), where h is Planck’s constant, p. effective mass, ¢ is the dielectric constant, AEg=Eg-Ey is the band
gap shift. Effective mass for TiO, is taken as 1.63mo, which is experimentally estimated by Kormann et al. [19,20].
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Emin = Eg +

If radius of QDs is smaller than exciton radius, the first term is dominant as quantum confinement in the equation, and
the last term is because of the Coulomb interaction between the electron and the hole in Eq. (1).

Xrd and uv results of TiO, QDs’ sizes were compared, and it was found that the sizes increased with acid:TiO, ratios in
Table 1. The UV-vis absorption spectra represent that absorption edge shifts to a longer wavelength with the increasing
QDs’ sizes.
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4. Conclusions

TiO, QDs and MWCNT-TiO, QDs composite films were deposited by sol-gel spin coating technique. QDs sizes of the films
depend on the precursor ratios such as acid:TiO, and MWCNT:TiO; ratios. TiO, QDs and MWCNT-TiO, QDs composite films
were obtained as brookite form and single oriented (211). TiO, QDs dispersed easily in MWCNT-TiO, QDs composite films.
It is found that size of TiO, QDs can be controlled by changing the acid:TiO, and MWCNT:TiO, ratios. The sizes of particles
were determined with different ways in Table 1. The films exhibit absorption in the longer wavelength region with the
increment QDs size. With the optimization of the process parameters, untoxic TiO, films including QDs in preferred sizes
and features can be used in optic and electronic industry.
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