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Abstract: Titanium dioxide (TiO2) shows a great interest in
solar cell application due to its morphology and crystalline
structure. Moreover, it is an affordable compound that could
make solar cells more economical than traditional silicon solar
cells. In this study, one-step hydrothermal method is
demonstrated to synthesis TiO2 nanorods/nanoflowers
morphology on different hydrothermal reaction temperature.
Increasing the reaction temperature could influence the
formation of highly crystalline rutile phase of titania thin film.
Moreover, the growth mechanism under different reaction
temperatures has pronounced effects on the preferred
orientation, morphologies and sizes of the structure. The results
serve as guidance principle in preparing high quality solar cell
specifically in heterojunction thin film fabrications.
Index Terms: Growth temperature, hydrothermal synthesis,
thin film solar cell, TiO2 nanorods/nanoflowers

I. INTRODUCTION
TiO2 is a one type of semiconductor material that attract
many researchers to do the extensive study and substantial of
literature had been produced for the past few decades
regarding on its properties, functionality and the potential in
industries application. There are thirteen polymorphs known
of TiO2 [1] but only three phases has widely been
investigated namely anatase [2], [3], rutile [4], [5] and
brookite [6], [7]. The anatase and rutile phases have a
tetragonal structure whereas brookite is in orthorhombic
phase. Rutile denotes as a steady phase at high temperatures
and it is the apparent one to be realized as thin films or pure
crystals. Anatase and brookite are meta-stable at all
temperatures that upon heat treatment transform into rutile
phase [8], [9].
Up to date, the interest towards TiO2 nanostructures
become popular because of its outstanding features for
instances the large surface area exposable more to sunlight,
high surface-to-volume ratio, non-toxicity, uniquely
photochemical and photo-physical properties and also for
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their electron-transport properties [3]. The superior
properties of nano TiO2 are owing to its low dimensionality
and quantum size effect [10] and because of these, it is
essential to control the particle size, shape, and distribution
of TiO2 film.
A tremendous investigation has been conducted for the
desired and controllable nanostructure including sol-gel
process [11], [12], hydrothermal [13]–[15], chemical bath
deposition [16], [17], spray pyrolysis [18]–[20] and
anodization [21], [22]. Among these methods, hydrothermal
is a promising approach and could be considered as
convenient and feasible method [23], [24] in controlling the
crystalline phase, grain size, morphology and surface
chemistry by regulating the duration synthesis, reaction
temperature, pressure, solution composition, solvent
properties, additives and ageing time.
Li and co-workers investigated the effect of precursor
concentration, hydrothermal reaction time and temperature
in preparing TiO2 nanorod arrays by hydrothermal method to
control the morphologies and alignment of the nanostructure
[25]. They claimed that at a high temperature, the density of
the structure will enlarge and improve the orientation of
nanorods growth. Furthermore, increasing the temperature
and reaction duration of hydrothermal can promote the
length and diameter of nanorods as well.
Liu & Aydil outlined seven factors including the effect of
temperature, growth time, substrate type, acidity, reactant,
concentration and precursors in their research that
influenced the hydrothermally growth of nanorods structure
[26]. They found that at temperature 200℃, the nanorods
diameter decreased and the film partially lifted on the
substrate due to the dissolution of the solution that reached an
equilibrium state. Zhang and team employed a various
temperature on synthesis TiO2 buffer layer to improve the
crystal quality of ZnO film [27]. They claimed that high
temperature will reduce the stress of the intrinsic defect of the
ZnO film. Srimala & Wei explained the effect of sodium
hydroxide (NaOH) to TiO2 ratio, reaction temperature,
reaction time and annealing temperature on the formation of
nanotubes structure synthesized by hydrothermal method
[28]. They claimed that increasing the reaction temperature
affected to the TiO2 phase transformation and morphological
properties.
In this article, one-step hydrothermal method is
demonstrated to synthesis TiO2 nanorods/nanoflowers
morphology and the effect of the different reaction
temperature has been studied
and discussed. It shows that the
growth
mechanism
under
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different temperatures has significant influences on the
crystalline, orientation plane, morphologies and sizes of the
structure synthesized.
II. MATERIALS AND METHOD
A. Preparation of TiO2 nanorods/nanflowers
All the chemicals were analytically graded and used
without further purification. Fluorine-doped SnO2 (FTO)
glass (7Ω/sq) with a thickness of 2.0mm was cut into the
pieces of 1.5cm × 2.5cm in dimension as substrates. These
substrates were cleaned ultrasonically in acetone, ethanol
and de-ionized water (18.2MΩ, Mili-Q Ultrapure) in
sequential for 10 minutes, respectively. In a typical synthesis,
80mL deionized water and 80mL concentrated hydrochloric
acid (36.5%–38% by weight) stirring for 5 minutes before a
desired amount of titanium butoxide (TBOT) was added drop
by drop wisely using capillary tube and stirring for another
10 minutes until a clear mixed solution was obtained [29].
Then, the solution was relocated into a 300ml Teflon-lined
stainless steel autoclave where the FTO substrates were
horizontally placed with the conductive side facing upward
and then the autoclave was sealed completely for
hydrothermal synthesis in the oven. After cooling down to
ambient temperature, the substrates were taken out, rinsed
extensively with deionized water and allowed to dry naturally
in ambient air. The prepared samples are denoted as „GT-i‟;
GT is referred as a growth temperature and „-i‟ is the value of
temperature used.
B. Characterization Techniques
The crystal structure of the as-synthesized films was
analyzed by Bruker D8 Advance X-ray diffraction (XRD)
with CuK radiation (λ) 1.5406 Å in the Bragg angle
ranging from 20° to 70° at a scanning speed of 2°min −1 and
the type of slit used was fixed divergence slit. X-ray tube
voltage and current were set at 40kV and 40mA, respectively.
The morphology and nanostructure of the samples were
examined by field emission scanning electron microscopy
(FE-SEM, JOEL, JSM-7600F). Element composition was
identified by an energy dispersive X-ray spectroscope (EDS
Oxford Instrument Inc.) incorporated to the FESEM. The
absorbance spectra were recorded in a range of 300nm 800nm
on
a
UV–Vis–NIR
spectrophotometer
(Shimadzu-UV 1800) to find the wavelength absorption.
Four-terminal sensing measurement known as 4Point Probe
(Signatone Pro4-440N) connected to source meter to
determine the resistivity properties of the samples.
III. RESULTS AND DISCUSSION
A. Structural Analysis
The X-ray diffraction pattern of the synthesized TiO2
samples carried out at hydrothermal growth temperature
130℃, 150℃ and 170℃ are shown in Fig. 1. The obtained
XRD patterns are compared with the standard JCPDS file no:
77-0452 for tetragonal rutile TiO2 polymorphs and
confirmed in line with tetragonal crustal structure space
group P42/mnm . It is observed that at lower temperature, the
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strongest intense peak is corresponding to (101) plane.
However, as elevating the temperature, the prominent peak
has been changed to (110) plane as presented by samples
GT150 and GT170. It is known that the rutile phase
corresponding to (110) plane as the most exposed plane and
generally obtained in many research work due on its
thermodynamically stable at high temperature [30]. With the
increasing of the temperature, the peak for rutile phase is
significantly increased in intensity with the transformation of
plane occurred as the growth is primarily formed at the
{111} and {101} facets build up. One possible reason of this
transformation is the order of surface energy E(110) < E(100)
< E(101) < E(001) [31]. Also known as periodic bond chain
(PBC), this order proposes a fast growing plane with high
surface energy inclines to vanish and parting away a slower
growing planes that having a lesser surface energy.
The diffraction rutile peaks observed for the sample
GT130 at 2θ are 36.03°, 41° and 54.5° that attribute to (101),
(111) and (211) planes respectively. It can be predicted by
referring to the periodic bond chain, the {111} plane has a
higher surface energy compared to {101} plane that
promotes the initial growth of TiO2 nanostructures on (111)
and (211), followed by the growth on (101) plane. As the
growth temperature increases to 150℃ that represented as
GT150, four peaks of rutile are detected with a new
emergence of crystal growth on (110) plane corresponding to
2θ = 27.51° while the other peaks are resemble as GT130
sample but significantly change in intensity and
crystallization. GT150 shows a prominent peak on (110)
plane due on sharp and strong peak indicates high crystalline
of TiO2 film synthesized. As the temperature is elevated to
170℃, a sample denoted as GT170 exhibits the strongest
peak at 2θ = 27.41° indexed to (110) plane.

Fig. 1. XRD diffraction patterns of (a) GT130, (b) GT150
and (c) GT170 TiO2 thin film.
The calculated crystallographic criterions of the
as-prepared samples obtained are depicted in Table I. The
Scherer equation has been adapted to calculate the crystallite
size. The Scherer equation is given by
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Fig. 2. FESEM surface morphologies of the samples (a), (b) GT130, (c), (d) GT150 and (e), (f) GT170 at different
magnifications and (c), (f), (i) cross-section images, respectively.
K
(1)
 cos 
where D is the crystal size; λ is the wavelength of the X-ray
radiation (λ=0.15406 nm) for CuKα; K is constant and
usually taken as 0.9; β is the line width at half-maximum
height and θ is half of the diffraction angle (rad). The
crystallite sizes obtained are 24.24nm, 69.27nm and
64.05nm corresponded to samples GT130, GT150 and
GT170, respectively. The result exhibits improvement as
increasing the growth temperature could improve the
crystallite size of the samples.
From this work, it could evidently suggest that the
temperature has a significant influence on the crystallite size
of TiO2. It can be elucidated that the plane transformation
from (101) to (110) had been occurred when growth
temperature is increased. Moreover, the crystallite size shows
a significant improvement at moderate and higher
temperature which is 150℃ and 170℃.
D

Table I: Structural criterions calculated from XRD patterns
Sample
2θ (°)
β
Crystallite
Plane,
size, D (nm)
(hkl)
GT130
36.03
0.3936
24.24
101
GT150

27.51

0.1476

69.27

110

GT170

27.41

0.2460

64.05

110
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B. Surface Morphological
The morphology of TiO2 thin films are observed with the
FESEM images as shown in Fig. 2. The FESEM images
revealed that TiO2 nanorods had grown uniformly on the
entire surface of FTO substrate, whereas the TiO2
nanoflowers composed of nanorods was started to form on
the nanorods when the initial growth temperature was
130℃. It was clearly seen that the TiO2 nanoflowers were
mono-sparse with low exposure on TiO2 nanorods layer. The
top of the surface of nanorods are tetragonal in shape with
square top facets whereas the side surface are quite smooth
and the nanoflowers have a pyramidal shape like tip indicate
the general behaviour of rutile TiO2 formation. The
approximate diameter of TiO2 nanorods was found to be
140nm while the nanoflower is found within the range of 140
– 180nm.
By elevating the temperature to 150℃, the hydrolysis rate
was rapidly increased and enhanced the TiO2 nanorods and
nanoflowers growth. During the reaction, TiO2 nanorods
become elongated and nanoflowers are grown densely and
randomly covered on the nanorods layer accordance to the
surface energy level facet ranking. Also, the diameter of the
nanorods increased and the nanoflowers structure has
densely grown with many step-edges at the top of their petals
with diameter ranging from 300
to 400nm.
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Increasing the temperature to 170℃, the lengthy of
nanorods is increased and more dense nanoflowers could be
obtained, consistent with the result reported by Meidan Ye et
al. [32]. The nanorods structure could not be seen anymore
because the nanoflowers were too compact and fully covered
on the nanorods layer. The top surface of the nanoflowers
possessed of enormously step edges served as seed layer for
the subsequent TiO2 growth. The diameter of nanoflowers is
significantly increased around 0.5µm. At higher temperature
of 170℃, the nanoflowers growth becomes bigger than the
TiO2 nanoflowers at 150℃ and 130℃. The nanoflowers
thickness is increasing as the growth temperature is rising.
The approximate thicknesses of the samples prepared at
130℃, 150℃ and 170℃ are 1.272µm, 9.28µm and up to
70µm, respectively.
From the EDS analysis, the sample GT130 shows the
element composition of oxygen (O) 77.9%, titanium (Ti)
element 15.91% and tin (Sn) element 6.19% as depicted in
Table II. The result is confirmed with the XRD result that
shows a presence of SnO structure on this sample. Increasing
to the moderate temperature of sample GT150, the atomic
elements of O is decreased to 66.31% but slightly increased
to 33.69% for Ti element. Further rising the temperature as a
sample GT170, the atomic are 65.06% of O and 34.94% of
Ti. The oxygen content is slightly decreases as the growth
temperature increases. This finding may attribute to the
out-diffusion oxygen that occurred at moderate and high
temperature [33]. No element of SnO is detected at moderate
and high temperature slightly different from XRD result due
to the compactness of TiO2 nanorods/nanoflowers area
during the EDS detection.

indirect allowed transition [33]. The absorption band edges
were estimated around 400 nm slightly higher than normally
reported of λ = 388 nm TiO2.

Fig. 3. UV-vis spectra of the TiO2 samples (a) GT130, (b)
GT150 and (c) GT170 TiO2 thin film.
The intercept of the tangent to the plot (h )1/ 2 versus
h as has been evaluated by Tauc plot equation to give an

upright estimation of the band gap energy for this indirect
band gap material. The indirect band gap energies (E g) of
as-prepared TiO2 film are found to be 2.87eV, 2.83eV and
2.60eV for sample synthesis at 130℃, 150℃ and 170℃ as
shown in Fig. 4. It elucidates the decreasing behaviour of
TiO2 band gap nanostructures as the growth temperature
increasing. Therefore, it can be concluded that rising the
growth temperature leads to the decreases of band gap energy
of the prepared samples. This finding may attribute to a
higher crystallite size of TiO2 sample at higher temperature
[34], [35].

Table II. EDX data of the as-prepared samples
Sample
Element ( A= atomic %)
Sn
O
Ti
GT130
A = 6.19
A = 77.90
A = 15.91
GT150

-

A = 66.31

A = 33.69

GT170

-

A = 65.06

A = 34.94

C. Optical Properties
Figure 3 illustrates the UV-vis diffuse reflectance spectrum
of nanorods/nanoflowers TiO2 structure of the prepared
samples. The coefficient of optical absorbance of a
semiconductor which near to the band edge can be articulated
through the subsequent equation:
(h ) n  A(h  E g )

(2)

where h is the photon energy,  is the absorption
coefficient, Eg is the absorption band gap, A is constant, n
depends on the nature of the transitions, and may have values
½, 2, 2/3 and 3 corresponding to allowed indirect, allowed
direct, forbidden direct and forbidden indirect transitions of
band gap respectively. In this case, n = ½ is chosen for
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Fig. 4: Band gap of samples GT130, GT150 and GT170.
D. Electrical Properties
I-V analysis was carried out to measure the electrical
properties of the TiO2 thin film by using 4-point probe and
the resistivity of the samples were obtained by the equation:

(3)
Rs 
t
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where Rs is sheet resistance, ρ is resistivity and t is the
thickness of the growth film and the result are depicted in
Fig. 5.

chemicals provided as well the colleagues and expertise from
technical support team.
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