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ABSTRACT

Fabrication and characteristics of silicon oxide-doped titania nanorods by use of the sol-gel method and alkaline treatment
(corrosion process) in base reflux is presented. Nanostructural properties and electrical properties of titania-synthesized
nanorods are specified by use of FE-SEM (field emission scanning electron microscopy), AFM (atomic force microscopy), TEM
(transmission electron microscopy), XRD (X-ray diffraction), Ultraviolet-visible spectroscopy and FT-IR (Fourier transform
infrared spectroscopy). The degradation rate of methylene blue (MB) under UV radiation is investigated as an amount of
photocatalytic activity. Dependence between photocatalytic activity and calcination temperature (CT) is determined. Dielectric
constant, capacity, quality factor and resistance are measured. Moreover, the presence of silicon oxide dopant and thermal
treatment on phases of crystallites, nanoparticle surface aspects, dielectric constant, electrical resistance and lattice investigation
are studied. The results indicate that the photodegradation rate of MB by pure titania nanorods decreases as the CT increases also,
the photocatalytic activity of nanorods can be enhanced by doping with SiO,. Dielectric investigations reveal that dielectric

constant and quality factor of pure nanorods can be improved by doping and increasing the CT.
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1. Introduction

Numerous investigations and studies have been recently
devoted to titania and its various applications such as water
photosplitting, photodegradation, photovoltaic systems, etc."
The photocatalytic performance depends on physical properties
and specification of nanocrystallites, such as structure, dimen-
sion, size and surface properties (porosity, specific area, and
topography).”® One-dimensional (1D) structures can increase
the photocatalytic activity of titania nanomaterials by generat-
ing the instant splitting of photo-induced electrons and holes
and prolonging the recombination process of conduction and
valence band carriers (e, , h{; )."* One applicable method to alter
the property and characteristics of titania nanocrystallites is by
doping it with semiconductor or metal to increase the UV-Vis.
absorption of titania.”® Silicon oxide has been imported into the
titania nanostructure to optimize the photocatalytic perfor-
mance due to its appropriate thermal stability, superb mechani-
cal properties, and special photocatalytic efficiency. In addition,
it can enhance to make new catalytic sites because of the lattice
and structure interaction between titania and silicon oxide,’ and
to create a large surface and an appropriate porous structure.®
Due to their suitable high dielectric constant and resistance to
alkaline solutions, silicon oxide-titania coatings and films are
considerable for many researchers which have instigated their
study as the gate dielectric materials for FETs (field effect transis-
tors) and MOS (metal-oxide-semiconductor) with very small
dimension.”"" The impressive oxide thickness of silicon oxide
dielectrics in MOSFETs (metal-oxide semiconductor field effect
transistors) is nearly three monolayer (less than 1 nm) and
concluded to the physical restriction and limit that cause more
disturbance and leakage current in the gate of FETs. This leakage
may be affected by penetrating of light ions such as Na* and
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quantum tunnelling through the thin layers. These constraints
cause to candidate an alternative gate dielectric. Materials with
high dielectric constant (k), such as AL,O,, HFO,", La,0,"” could
be as an applicable buffer insulator. The resistivity against alka-
line solutions is forcefully determined and controlled by their
porosity and surface properties."*”® Various techniques and
methods have been innovated to synthesize and fabricate 1D
nanostructures.'*" In this research, the titania nanorods (pure
and doped) are fabricated by the sol-gel method without using
performed templates and catalysis to avoid any pollution.

2. Experimental Procedures and Details

Experimental precursors, their molar ratio (MR) and chemical
condition for perpetrating of titania nanorods are tabulated in
Table 1. Besides, Fig. 1 shows the synthesis processes. The used
precursors are: 0.1 N CH,COOH (Merck, =65 %), C,H,OH
(Merck, =97 %), titania tetra-isopropoxide (TTIP) (Ti(OPri),,
Merck, =98 %), tetraethoxysilane (TEOS) (Merck, =99 %), and
pure distilled water are applied. The beginning point of the
nanorod fabrication is preparing a solution corresponding to the
specific molar ratio that is shown in Table 1. Lastly, the dried
powders are calcined at three different temperatures of 300, 600
and 900 °C with a 10 °C min™ gradient.

X-ray diffraction patterns are measured by XRD (model:
GBC-MMA 007), X-ray diffractometer using K (Cu), 0.1540 nm
0.02 ° step size and 10 ° min™' speed of radiation. TEM (CM10
Philips) is applied to study the nanostructure of the nanorods.

The FE-SEM, TEM, and AFM are carried using FE-SEM
(model: S-4160 Hitachi), TEM (model: CM10 Philips) and AFM
(model: Easy scan 2 Flex), respectively. Furrier transforms infra-
red spectroscopy measurements are recorded in KBr on an FT-IR
(Perkin-Elmer 1600).

The photocatalyst degradation of MB is assigned as a measure
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Figure 1 Schematic flow diagram represents the processes in fabrication
pathway of titania nanorods.

Table 1 Experimental conditions of precursors for the titania nanorods
preparation.

Material MR Stirring time /h pH

TTIP TTIP : C,H,OH : H,0 48 5
=1:0.02:9.6 x 10™*

TEOS TTIP : TEOS = 74 24 5

to specify the photocatalytic activity of the titania nanorods
doped with silicon oxide. The photocatalytic activity experi-
ments are carried through at RT. The initial MB concentration
was 100 mg L™. All experimental procedures to measure the
photocatalytic activity are cited and presented in ref. 2. In all
experiments, the temperature of photoreactor is fixed at 27 +
1 °C by using a small ventilator. Reaction suspensions are
prepared by adding 50 mg of pure and doped titania nanorods
that calcined at three different CTs as a photocatalyst into
100 mL of MB aqueous solution. As seen in Fig. 2, the absorbance
peak is around 665 nm (Amax).

3. Results and Discussion

3.1. X-ray Diffraction Analysis

Crystalline phases have been investigated by XRD (Fig. 3).
Crystalline phases and data of the XRD peaks are tabulated in
Table 2. Amorphous structures are observed for the as-prepared
and the 300 °C samples because of the short-range arrangement
of lattice’ (Fig. 3), while the samples observed at 600 °C and
900 °C show a high degree of crystallinity. The peaks observed at
26 values of anatase (tetragonal, a = 0.3804 nm, ¢ = 0.9614 nm),
rutile (tetragonal, a = 0.4594 nm, ¢ = 0.2959 nm), Ti,0, (hexago-
nal, a = 0.5149 nm, ¢ = 1.3642 nm), Ti;O,; (hexagonal, a =
4.844 nm, c =13.270 nm), TiSi, (orthorhombic, a = 8.236 nm, b =

4
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Figure 2 UV-visible absorbance spectra and absorbance peak at 660 nm.

0.4773 nm, ¢ = 0.2959 nm), and SiO, (tetragonal, a = 1.02171 nm,
¢ = 1.6396 nm) phases are match well with the powder diffrac-
tion standards (Crystal impact AMCSD). The average grain size
(r) of the different crystalline phases has been estimated by the
Scherrer’s formula:

kA

rzZﬁcosO @

where 4 = 0.1540 nm, § is the broadening at half maximum
observed, 6 is the Bragg angle (angle of X-ray incidence) and k
known as shape factor of grains is supposed to be 0.94. As seen in
Table 2, the size of nanocrystallites increases by raising the CT
due to the enlargement in the chemical bond length.

As seen in Table 2, the grain size of rutile crystalline raises from
31 nm to 145 nm by increasing the CT from 600 °C to 900 °C, while
anatase crystallite size raises (from 45 nm to 60 nm). Phase trans-
formation occurs because of surface energy, experimental condi-
tions, and precursor chemistry. The prominent factor of the total
energy of nanoparticle formation is the surface energy. The ana-
tase phase has alower surface energy than those of the rutile and
brookite.”* Moreover, from the viewpoint of the molecular
picture, the crystallite structure stability depends on nucleation
and growth of various crystallite phases of titania that are
affected by material chemistry and reaction conditions.**
Therefore, the rutile nanocrystallites show larger diameters by
raising the CT® It has been presented the anatase nano-
crystallites have higher stability at lower sizes. Aggregation—
recrystallization process and coarsening procedure specify the
particle growth kinetics under calcination conditions. These
processes can influence and control the particle size and struc-
ture. Silicon oxide-dopant could affect the phase transformation
via improving the thermal stability of anatase phase, in addition,
inhibits the particle aggregation and rutile grain growth, and
ultimately enhances the specific area of anatase crystalline
phase. Dopants demonstrate stabilizing influence on anatase
phase due to protection effect against agglomeration that acts as
a protective casing of titania surface during calcination. The
presence of silicon oxide-dopants in the titania lattice may raise
the strain due to increase the lattice distortions, defects, and
dislocations, which causes to retard the growth of rutile crystal-
line grains.

By increasing the CT from 600 °C to 900 °C, the grain sizes of
Ti,O,and Ti;O;, raises from about 13 and 12 nm to 24 nm, respec-
tively. This eventis associated with the crystallization and differ-
ence of grain growth of nanoparticles.” Same as pure type, the
nanocrystallites size raises by increasing CT in doped nanorods.
The formation of silicon oxide crystallite is retarded to 600 °C in
doped state.
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Figure 3 XRD patterns of (a) pure titania nanorods and (b) silicon oxide-doped titania nanorods calcined at 900 °C. [Inset: XRD patterns of

as-prepared and samples calcined at 300 °C and 600 °C].

Linear plots of In D per 1/T (Figs. 4 and 5) are obtained accord-
ing to Scott’s equation® by supposing the homogeneous growth
of nanocrystallites during calcination represented:

D = C_ (-E/RT) @)

exp

where C is a constant of the equation, E is the activation energy,
Dis the nanocrystallite size, R is the gas constant, and T is the CT.
This energy E of pure titania nanorod phases is determined
from the slope of the straight line as 5.78 kJ mol™, 6.15 k] mol™,
5.41 k] mol™, 5.81 k] mol™ for anatase, rutile, Ti,O;, and TisO;s,
respectively. As shown in Fig. 5 in the doped state, E = 9.67 k]
mol™ for anatase and 5.42 k] mol™ for TiSi,. The activation energy
(E) of anatase of doped titania nanorod is more than of the pure
titania nanorods. It shows that the presence of silicon oxide

dopant has a remarkable effect on the growth of nanocrystallites
such as anatase and rutile crystallites.

The two mostimportant factors obtained from the full width at
half maximum (FWHM) are the nanocrystallite size and the
lattice strain. The crystalline dislocations, imperfections, lattice
stresses, stacking faults, coherency stresses and grain boundary
triple junction, may affect on lattice strain that is an amount of
the modification of lattice strain.” The Bragg peaks are affected
by the lattice strain and the crystallite size, so that peak width,
intensity, and 26 position could be modified accordingly. In
addition, the peak broadening obtained from the nanocrystallite
size varies as 1/cos 6, whilst strain varies as tan 0. This distinction
inrelation as a function of 26 enables one to distinguish between
the strain effects and the size on peak broadening. The crystallite

Table 2 The XRD characteristics: 26 angle, d-space (d), grain size (r) of a pure and doped titania nanorods.

Crystalline As-prepared Calcined at 300 °C Calcined at 600 °C Calcined at 900 °C
phase 20 d/nm r/nm 20 d/mm  r/nm 20 d/nm r/nm 20 d/nm r/nm
Pure state
Anatase 25.33 0.351 11 25.15 0.352 34 2560 0346 54 2520 0355 60
Rutile 27.55 0.323 7 27.68 0.326 18 27.56  0.323 31 27.80  0.320 145
Ti,0, 33.20 0.269 4 33.20 0.265 9 33.00 0271 13 3335 0.269 24
TigOy5 29.10 0.306 4 29.00 0.308 7 2928 0305 12 29.8 0.299 24
Doped state

Anatase 25.30 0.352 6 25.15 0.355 38 2526 0.345 79 2545  0.353 106
Titanium silsicide 42.25 0.215 16 42.30 0.215 36 4235 0215 66 42 0.210 83
Sio, - - - - - - 16 0.552 110 1555  0.562 96
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Figure 4 CT dependence of LnD for (a) anatase, (b) rutile, (c) Ti,O, and (d) TizO,; in pure titania nanorods.

size has an inverse relation to the Bragg width.” Hereby, in an
integral breadth analysis (Williamson-Hall), the strain-induced
and the size-induced derived from the relation between peak
broadening and 26.*

Lattice strains (¢) of nanocrystallites of titania nanorods are
obtained from the relation between FWHMs and sin 6 on
observed diffraction peaks in 20 ranging from 10°-80° corres-
ponding to Williamson-Hall's formula®:

pcosb 2%48 sin6 (3)
where 3 is the FWHM, ¢ is lattice strain, shape factor k is 0.94 to
Scherrer’s shape factor and A = 1.540 . Variation of Scos 6 against
4sin 0 for different samples is near to be linear. ¢ is obtained from
the slope of this linear dependence. Due to the low degree of

5.0 —(a)

45

R%=0,999

1.5 i 1 i L L 1

1.0 1.5 2.0 25 3.0 35

1031 k™)

crystallinity, there is not clear linearity between fcos 6 and 4sin
0.” Variation of fcos 0 against 4sin 0 for diffraction peaks is
shown in Fig. 6. In CTs ranging from room temperature (RT) to
600 °C, the scattering of experimental data is high due to weak-
ness and broadness of Bragg peaks, so that it is not easy to calcu-
late their FWHMs. In Fig. 7, ¢ reduces by raising the CT. By
raising the CT up to 600 °C in the pure nanorods, ¢ reduces from
0.804 to 0.101 and by raising more than 600 °C to 900 °C, ¢ varies
from -0.278 to —0.099. In doped titania nanorods, by raising the
CT from 300 °C to 900 °C, € reduces from 0.169 to —0.076 and the
form of & changes from an external to an internal strain.

3.2. Transmission Electron Microscopy
Figure 8 reveals TEM image of the pure and doped titania
nanorods that calcined at 900 °C. Nanorods in the pure state

(b)
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Figure 5 CT dependence of LnD for (a) anatase and (b) TiSi, in doped nanorods.
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Figure 7 Dependence of the lattice strain on the calcination temperature

show an average diameter and length of 47 nm and 395 nm,
respectively. In the doped state, the nanorods have 60 nm
average diameter and 460 nm average length. The doped
nanorods have more thickness and length so that this increase
in thickness and length is attributed to the presence of porous
silicon oxide structure in titania nanorods.

3.3. Scanning Electron Microscopy

FE-SEM images are displayed in Figs. 9 and 10. The
as-prepared particles have a spherical skein shape but envelop
many rods. As shown, the nanoparticles are shaped in a narrow
string figure. The nanoparticles with spherical coverage have
a diameter about 550 nm exist only in the pure samples. This
formation is because of the prohibitive influence of silicon
oxide-dopants on crystallite growth of titania. Figures 9 and 10
reveal that the rods are created at high CTs. Figure 10 reveals
FE-SEM images of silicon oxide-doped titania nanorods. It is
seen that the particles in string-shape are formed in discrete
regions in the as-prepared state, therefore form nanorods and
are similar to each other by raising the CT.

Aggregation might result from the calcination conditions.
Dopants modify the size, morphology, and shape in somehow
that cause to enlarge the length and separate the nanorods.
Dopants act as separate particles at the nanocrystallite inter-
planar and curb the particle boundaries, also preventing surface
diffusion and decreasing radius of the curvature of the nano-
crystals.
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for (a) pure and (b) doped nanorods.

3.4. Atomic Force Microscopy

The morphologies of pure and silicon oxide-doped titania
nanorods are revealed in Figs. 11 and 12. As seen, the discrete
islands have a significant flower shape with the extent of 2 to
3.5 um and 10 um in the pure and doped state, respectively,
whereas the islands are grown into an arm-like figure. The
flower-like islands have a dendritic pattern in their arms. The
arm-like shapes show about 6 um in width. Several factors could
impress on the growth of the flower-like island in titania
nanorods, such as diffusion of adatoms into the titania matrix,
the formation of fractals, a larger fraction of deposited titania
and dopants impinging onto the islands.’ Kinetic limitations and
restrictions that result from thermal instability are responsible
for the formation of dendritic arm-like figures.” The AFM inves-
tigations are summarized in Table 3 by measuring the roughness
parameters such the average roughness

1 N-1
S,=— > |Z
a N ;‘ (Xl)‘

the mean value
1 N-1
S =—)»|Z
n TN g},‘ (Xl)‘

and the root-mean-square

Sy = x0 §1<Z<xl>)2
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Figure 8 Transmission electron microscopy images of titania nanorods calcined at 900 °C (a) pure titania nanorods and (b) silicon oxide-doped titania

nanorods.
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15.0 kV x15.0k 2.00pm

Figure 9 FE-SEM images of the pure titania nanorods calcined at different temperatures, (a) as-prepared, (b) 300 °C, (c) 600 °C and (d) 900 °C.

in the 10 um?® sections. It can be seen from Figs. 11 and 12 and
Table 3 that the roughness parameter of silicon oxide-doped
nanorods surface is smaller than that of pure titania nanorods,
therefore doped nanorods have a smoother surface. Also, the
maximum height (hm..) of the three-dimensional view of the
pure titania nanorods structure is greater than that of the doped
titania nanorods.

3.5. Photocatalytic Activity
The comparative concentration of methylene blue in logarith-

. C,. . . .
micscaleLn = ?ﬂ is traced against UV-Vis exposure time accord-

ing to samples that calcined at different temperatures. The slope
of logarithmic plots is rate constant.” The photocatalytic
measurements in Table 4 reveal the relevant kinetic variables,
such as CT, correlation coefficient (R*) and the degradation rate
constant (k). All reactions reveal linear relation, as shown in
Fig. 13.

As shown in Fig. 13, rate constant, k is derived dependent on
the presence of silicon oxide nanocrystallites in the titania
nanorods and CT. In the pure state, the rate constant (k) reduces

by raising the CT, due to increase in the particle size. In doped
nanorods, the enhancement in photocatalytic efficiency has
been imputed to improved thermal stability, the surface proper-
ties, and surface porosity. By reducing in particle size, the
surface area as well as a number of active sites increases, in
addition, the acceptor and donor carriers are adsorbed and
participate in the reduction-oxidation reaction. Also, it is reason-
able that doping titania nanorods by silicon-dopant is an effec-
tive method to increase the content of surface adsorbed water
and hydroxyl groups as well as the photocatalytic performance,
due to boundary of grains and the improved thermal stability of
silica-mixed oxide, the phase transformation from anatase to
rutile is inhibited.*’

3.6. Dielectric Measurements

In order to determine the electric resistance (R), dielectric con-
stant (k) and capacitance (C), samples are manufactured by a
fine and flat tablet of pure and doped samples in different CTs.
Circlesilver electrodes by silver paste are coated and attached on
the tablet sides. All electrical investigations are performed by
digital LCR meter (GPS-132A Lutron, Korea) at a frequency of
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Figure 10 SEM images of silicon oxide-doped titania nanorods calcined at different temperatures, (a) as-prepared state, (b) 300 °C, (c) 600 °C and
(d) 900 °C.

120 KHz. The capacitance (C) is measured and dielectric con-  where C is the measured capacitance, (¢, = 8.85 x 107> Em™) is
stant (k) is calculated by using the following equation: the permittivity of free space, A (=0.96 cm?) is the surface area of

C—k Ag, 4 the capacitorand d (1.5 mm < d < 1.8 mm) is the thickness of the
g @) dielectric, in that k, can be determined.
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Figure 11 Surface morphology of pure as-prepared nanorods, (a), (b) and (c) 2D, 3D and phase-scan, receptively, (d) roughness scan, (e) omitting the
background of the topography-3D scan.
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Figure 12 Surface morphology of silicon oxide-doped as-prepared nanorods, (a), (b) and (c) 2D, 3D and phase-scan, receptively, (d) roughness scan,

(e) omitting the background of the topography-3D scan.

Table 3 Roughness parameters of titania nanorods.

Sample Sa/nm Err /% Sq/nm Err /% Sm /pm Err /%
Pure titania nanorods in Fig. 11 34.979 0.51 54.599 1.07 45.987 1.75
Doped titania nanorods in Fig. 12 23.867 1.01 27.467 2.91 35.407 2.37

As shown in Table 5, electrical resistivity (R), capacitance (C),
dielectric constant (k) and quality factor (Q;) are determined for
pure and doped titania nanorods. Higher Q; indicates a less rate
of the energy dissipation relative to the stored energy of the
capacitor as follow:

Q. = 21x Energy stored
L=

Ererev lost cvelo ®)
nergy lost cycle

D, is a quantity used to determine dissipation rate of the

Table 4 Degradation data of pure and silicon oxide-doped titania nano-
rods.

Sample Calcination k(&) Correlation
temperature coefficient
/oC /RZ
Pure state As-prepared 0.0751 0.99
300 0.0679 0.98
600 0.0426 0.99
900 0.0304 0.95
Doped state As-prepared 0.0515 0.97
300 0.0452 0.99
600 0.0777 0.99
900 0.1001 0.96

energy capacitor and can alter depending on dopant, CT, struc-
ture, crystallite size, chemical properties and dielectric material.

Itis the opposite of Q as Dy, = Qi Obviously, the Q. and capaci-
F

tance increase by raising the CT.

As seen in Table 5, the electrical resistance of tablet samples
reduces by raising the CT. This is because of increasing the
arrangement, crystallite growth and reduction of lattice strain
by increasing the CT. Increasing CT caused to rearrange and
order the sites of atoms and nanocrystallites. In the doped state,
the electrical resistance becomes more than pure states due to
silicon oxide-dopant in titania nanorod matrix. By increasing the
CT, dielectric constant and capacitance are increased. This
increase can be demonstrated by reducing the lattice defects,
lattice strain and increasing the number of electric bipolar with
a preferable orientation with increasing CT. Conforming to
Table 5, samples have a high-k dielectric and can be a candidate
for a suitable gate dielectric in FET transistors. Accordingly,
current density could be measured from Poole-Frenkel equation

given by:
1 |(577eVY"
— - 6
pKBT[( kd ) ¢‘] ©)

where K is the dielectric constant of the thin layer, Ks is the

J=AT? ex
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Figure 13 Exposure time dependence of Ln(C0/C) for the (a) pure titania nanorods and (b) silicon oxide-doped titania nanorod with different CTs.

[Inset: photodegradation rate per CT of pure doped titania nanorod.]

Table 5 Electric resistance, quality factor, capacitance and dielectric constant of titania nanorods.

Sample Calcination temperature R Err Qp Err C Err k Err
/°C MQ /% /% /pF /% /%

Pure state As-prepared 8.61 2.52 2.87 2.51 5.72 0.92 10.79 2.31
300 6.05 221 3.19 1.62 9.71 1.42 13.21 1.62
600 5.43 1.45 3.22 1.32 6.59 2.33 20.60 0.84
900 531 1.19 4.71 1.87 6.54 1.71 26.39 1.79

Doped state As-prepared 11.29 1.59 3.75 2.15 16.74 0.87 31.56 141
300 10.71 2.68 4.31 1.37 16.37 1.97 32.79 1.29
600 9.91 1.33 5.12 1.80 14.79 1.59 33.11 2.10
900 10.01 0.72 6.05 2.56 18.38 271 34.65 1.08

Boltzmann constant, d is electrode spacing in A, ¢, is the deep-
ness of the trap potential well and A is the Richardson constant

A .
assumed to be 129 = kziKz- Tunneling current and leakage
cm’.

current decrease by increasing the dielectric constant.

3.7. Fourier Transforms Infrared Spectroscopy

Figure 14 reveals FI-IR investigation of nanopowders that
calcined at different temperatures. The band at 3200 cm™ has to
be assigned to hydroxyl groups from water and ethanol, which
are obturated in titania pore. The OH bending band of water is
assigned at 1650 cm™, 1061 and below 1000 cm™ is attributed to
the Ti-O bond. The IR spectra show characteristic peaks of
Ti-O-Ti (495-436 cm™). The observed peaks at 1090 cm™ and
1010 cm™ demonstrates the Si-O-Si bond in the silicon oxide-
doped nanorod. The Si-O-Ti linkage has an absorption peak at
925 ecm™. This bond shows the successful incorporation of silicon
oxide-doped with titania. By raising the CT up to 900 °C, high-
energy stretching band almost vanishes and 1650 cm™ and
3200 cm™ bending vibration band intensities decrease due to
vaporization of the liquid. The band at 925 cm™ in doped state
increases by raising the CT and do not vary in the pure state.
Results reveal that by raising the CT, position, and intensity of
characteristic bonds at 495-436 cm™, 1010 cm™, 1090 cm™ and
925 cm™ do not change and at higher CT Ti-O-Si bond is not
broken.

4. Conclusions

Experimental data indicate that synthesis of pure and silicon
oxide-doped titania nanorods by the sol-gel route is a competent
method for manufacturing photocatalytic and high dielectric
material. The results show that phase transformation of titania
depends on the CTs. The CTs and the addition of other oxides
such as silicon oxide affected the nanostructural and lattice
characteristics such as the size, strain, activation energy and
electrical properties. Average nanocrystallite sizes increase by
raising the CTs. The photodegradation rate of MB by pure titania
nanorods decreases as the CT increases. Silicon oxide-doped
nanorods show more photocatalytic activity than of the pure
nanorods. The photodegradation rate of silicon oxide-doped
titania nanorods in as-prepared samples and samples that cal-
cined at 300 °C is approximately equal, but increases by raising
the CT and formation silicon oxide crystallite phase. Dielectric
constant and quality factor of pure and doped titania nanorods
increase by raising the CT. The electrical resistivity of pure and
doped titania nanorods reduces by raising the CT. The rough-
ness of silicon oxide-doped titania nanorods is less than pure
titania nanorods. The obtained results show that silicon oxide-
doped titania nanorods have higher dielectric constant, higher
photocatalytic activity, less leakage current, less roughness
surface, less lattice strain and more thermal durability. There-
fore, these nanorods have the potential to be a suitable candidate
as a gate dielectric material for the future of FETs.
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