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Abstract The effect of precursor concentration on the structural, morphological, and optical properties of TiO2nano-flowers

was investigated in this study. An increase in crystallite size was observed with an increase in the concentration of the precursor

(titanium butoxide). The FE-SEM micrographs of the as-prepared samples show a three-dimensional flower-like morphology.

The flowers consist of several nanorods coming out of a single core and have very sharp edges. Also, the variation in the aspect

ratio of the nanostructure was observed with the concentration of the precursor. The photocatalytic properties of the samples

show that the sample that has a high aspect ratio (AR~9) has a much better photocatalytic activity  compared to the nano-crystal

with a  low aspect ratio (AR~6.1). It is believed that the  excellent photocatalytic performance and short time synthesis of

TiO2nano-flowers using the microwave hydrothermal method can have potential applications  in the field of photocatalysis. 
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1. Introduction

Titania is an important inorganic functional material. It
has become the most widely used nanometer photo-
catalytic materials with higher oxidation activity, non-
toxic, non-polluting, good chemical stability and low
cost.1-6) Many efforts have also been made to improve
the photocatalytic activity of the TiO2 itself considering
the relationship between chemical, crystallographic and
morphologic properties of the TiO2 and its photocatalytic
activity.7) Investigations were conducted to improve the
photocatalytic activity by adding dopants to TiO2. This
latter research can be divided into two categories: one is
associated with shifting the absorption band gap edge to
the red in order to enhance activity in visible portion of
the spectra.8) Some researchers have pursued doping TiO2

with transition metals as a way to shift the absorption
edge to larger wavelengths. For example, Anpo9) claimed
to have successfully shifted the absorption edge of TiO2

to the red by doping TiO2 with Cr(III) ions. The second
category of research has been to increase the photo-
catalytic activity of TiO2 in the near UV. 

Up to now, many works have been published in respect
to the synthesis and high photocatalytic efficiencies of

TiO2 nanoparticles,10) powders11) and colloids.12) The hydro-
thermal method is widely used due to its small particle
size, and low cost.13-15) The surface morphologies, grain
size and form can be easily controlled through various
parameters, such as synthesis temperature, concentration
of reactants, pH of reactants.16) Therefore, many studies
have been focused on synthesis of TiO2 by using
hydrothermal method.17-19) But these works are mainly in
respect to TiO2 prepared with longer than 12 h of
reaction time. There are few works reported about the
influence of a short reaction time(shorter than 6 h). 

In this context, we have made a progress to synthesize
the TiO2 nanostructure with a very short reaction time. In
this work, TiO2 nano-flower like structure was synthesized
by a microwave assisted hydrothermal method, and a
photocatalytic property of the samples has been studied.
The prepared TiO2 nano-flowers may be used for UV
photodetector, photocatalytic, and sensor applications.

2. Experimental Procedure

All the reagents involved in the experiments were of
analytical grade and utilized as received without further
purification. Titanium butoxide(C16H36O4Ti; 99.9 %), cetyl-

†Corresponding author

E-Mail : bhkoo@changwon.ac.kr (B. H. Koo, Changwon Nat'l Univ.)

© Materials Research Society of Korea, All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-

commons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the

original work is properly cited.



248 M. S. Anwar, Rehan Danish, Keun Young Park and Bon Heun Koo

trimethylammonium bromide(CTAB) [(C16H33)N(CH3)3Br,
99.9 %], and hydrochloric acid(HCL; 99.99 %) were pur-
chased from Sigma Aldrich. In a typical experiment,
1.5 g of CTAB was dissolved in 30 ml of distilled water
in a round-bottom flask and different amount of titanium
butoxide was dissolved in 15 ml of HCl separately. Then
the both solution was mixed and stirred for 1 h. Finally,
the resultant solution was transferred into a 100 ml Teflon-
lined digestion vessel and treated at a selected tempera-
ture(150 oC) for specific time(45 min) at a selected pres-
sure(150 psi) in a microwave-hydrothermal(CEM; MARS-
5). The operating power used was 300 W, and the tem-
perature during irradiation was measured by a thermo-
couple that was introduced into the reference vessel. The
power, heating temperature, and reaction time values
were continuously monitored during the preparation pro-
cess. After microwave processing, the solution was cooled
to room temperature. The resulting precipitate was
separated by centrifugation, then washed with deionized
water and absolute ethanol several times, and dried in an
oven at 80 oC for 12 h.

The phase purity of the as-obtained product was char-
acterized by X-ray diffraction using a Phillips X’pert
(MPD-3040) X-ray diffractometer with Cu Kα radiation
(λ = 1.5406 Å) operated at a voltage of 40 kV and a
current of 30 mA. FESEM images were obtained using a
MIRA II LMH microscope. The length and diameter of
the nanorod was evaluated from the FESEM images by
image processing software using line intercept method.
Room temperature optical absorption spectrum was re-
corded in the range of 200-800 nm using a UV-Vis
spectrophotometer(Agilent 8453). The photocatalytic per-
formance of the TiO2 nano-flowers was evaluated by the
degradation of methylene blue(MB) in a pyrex reactor
under UV-light irradiation provided by a high-power
mercury lamp(125 W).

3. Results and Discussion

The driving force for crystal growth is the reduction in
surface energy with specific morphological features re-
sulting from the reduction in high energy surfaces.
Classical crystal growth has been described by Ostwald
ripening(OR),20) where large crystals grow via ion by ion
addition at the expense of small crystals that dissolve
into solution, oriented attachment(OA) is a non classical
mechanism of crystal growth, where the joining of solid
crystals occurs at crystallographically specific locations
and is typically observed in materials with low solubility.
OR characteristically results in the characteristic equi-
librium morphology of the crystal21) while OA may result
in irregular morphologies due to twists, tilts, and shifts at
attachment planes. Another growth mechanism that

results in dislocations and tilts is repeated nucleation,
where heterogeneous nucleation occurs on pre-existing
crystallites in the system. Repeated nucleation appears
similar to OA due to the irregular morphologies, but it is
not observed here. Under the near neutral synthesis
condition, OA appears to be the main mechanism of
growth for the rutile rods. The solubility of TiO2 under
this reaction condition(pH ≈ 2, 150 oC) is more than two
orders of magnitude lower compared to significantly
greater solubility levels at higher pH conditions. The
lower solubility of TiO2 at this condition reduces the dis-
solution of crystallites, thereby minimizing the amount of
titanium ions available for growth by ion-by-ion addition
(OR) and, thus, favoring growth by OA.20, 21) 

Fig. 1(a) shows the XRD pattern of the obtained sample
at varying concentrations of titanium butoxide(TB). It
can be clearly seen that the obtained diffraction peeks
(110), (101), (200), (111) are the characteristic peaks of
tetragonal rutile TiO2 which can be compared to JCPD
card No. 89-4920. There was the presence of very low

Fig. 1. (a) XRD at different precursor concentrations, (b) Average

crystallite size versus precursor concentration.
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amount and very low crystallinity anatase phase at the
lower concentrations of the TB which can be attributed
to the fact that during hydrolysis if deoxolation occur
prior to olation, condensation can proceed along apical
direction leading to skewed chains typical of the anatase
structure. Controlling the stage of deoxolation prior to
olation can be obtained by adjusting the pH and initial
water concentration. This control leads to precipitation of
anatase nanopowder TiO2 in the experimental procedure.
However in our experimental setup deoxolation(O = Ti-
OH2 → HO-Ti-Ti-OH) does not occur during nucleation,
olation leads to a linear growth along one of the two
equivalent directions in the equatorial plan of [Ti2O2

(OH)4(OH2)4]
0 dimers. Then, oxolation between the re-

sulting TiO(OH)2(OH)2 linear chains after an internal
proton transfer leads to corner-sharing octahedral chains
(Ti3Obridges) characteristics of the rutile structure. The
formation of rutile may then be associated to the meta-
stability of apical Ti = O bonds within monomers or
dimers.21)

The average crystallite size was obtained by the use of
Scherrer equation. 

where, d is the crystallite size, λ the wavelength of the
X-ray radiation, θ the diffraction angle and W is the line
width at half maximum height.22) Fig. 1(b) shows the
variation of obtained crystallite size and the full width at
half maxima(FWHM) against the concentration of the
TB precursor. It is evident from the plot that the average
crystallite size is increasing with the increase in the con-
centration of the precursor. The increase in the crystallite
size can be attributed to the fact that when the concen-
tration of the solution is increased the effective number
of nuclei participating in the reaction increases and the
collision rate per unit time also increases which enables
the smaller particles to conjoin and form bigger particles
also at the expense of precursor.23)

The FE-SEM micrographs of the as prepared samples
are shown in the Fig. 2. It can be seen from the obtained
images that the nanostructures have three dimensional
flowers like morphology. The nanostructures consist of
several nanorods coming out of a single core and have
very sharp edges. The aspect ratio of the nanorods was
calculated using an image processing software and by the
following relation.

Aspect Ratio =d
0.9λ

W θcos
-----------------=

Length L( )
Diameter D( )
------------------------------------

Fig. 2. FESEM images of the rutile TiO2 at different precursor concentrations.
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The obtained aspect ratios are given in the Table 1.
From the XRD it was observed that upon increasing the
concentration of TB in the solution the average size of
the particles increase which holds true as we see the
results of the FE-SEM, the overall length and the
diameter of the particles increase as we go on increasing
the concentration of the TB in the solution. However the
rate of the growth of the length and the diameter are
different owing to the 1.5 g of CTAB present in the
solution, the difference in the growth rates of length and
the diameter give different aspect ratio at different
concentration. By taking advantage of this fact the aspect
ratio can be tuned to a favorable high. In this case the
high aspect ratio was observed at 2 g of TB, which
happened due to sudden increase in the length of the
nano-crystal from 673 nm to 972 nm while the diameter
only increased from 102 nm to 107 nm resulting in a
aspect ratio of 9 and better crystallinity, that is a pre-
requisite for a better photo catalytic activity. The sudden
increase in the length can be attributed to the increase in
the quantity of TB which results in the increase in the
amount of nuclei of the lower chemical potential and the
preferable growth axis of nanorods of rutile TiO2 is along
(001) axis due to which can explain the length increase
more than the diameter.24) With increasing precursor
concentration, the small primary particles eventually
coarsen to form larger, more cohesive crystals with fewer
visible defects, which is in agreement with the XRD
peak narrowing(Fig. 1a). Growth of TiO2 at varying
precursor concentration appears to occur via OA of rutile
crystallites with the further increase in the concentration
of TB the reaction system tends to saturate resulting in
the further increase in the size.25,26) At 3.5 g (Fig. 2) of
TB it was observed that there was presence of secondary
dendrites coming out from the existing grown nanorods
which can be explained by the presence of stacking
faults at the length of arms which may lead to further
growth of secondary branched nano-dendrites.

Fig. 3(a, b) shows the photocatalytic degradation plots
for the samples having aspect ratio of 9 and aspect ratio
6.1 in degrading the methylene blue(MB). It can be seen
from the obtained plot that the sample that has a high
aspect ratio (AR~9) has a much better photocatalytic

activity as compared to the nano-crystal of the low
aspect ratio (AR~6.1). We have also compared our
photocatalytic results with the results reported by B. Sun
et al.27) and Y. Gu et al.,28) and our sample showed better
photocatalytic behaviour. On the other hand, Fig. 4(a, b)
shows the plot of c/c0 and the lnc0/c. It shows that the
aspect ratio of TiO2 nanorods affects the photocatalytic
degradation of the methylene blue(MB). The degradation
of the MB can be considered as pseudo-first-order
reaction and can be described by the following relation.29)

where, Co = Intensity before irradiation, C = Intensity after
irradiation, K = Reaction rate constant, t = Irradiation
time. The reaction rate K is mentioned in the Table 2 and
is obtained by linear fitting the lnC0/C and getting the
slope value. It can be seen from the values that the rate

C
o

C
------⎝ ⎠
⎛ ⎞ln Kt=

Table 1. Aspect ratio vs precursor concentrations.

Concentration

(g)

Avg. Length

(nm)

Avg. Diameter

(nm)

Aspect Ratio

1.5 673 ± 3 102 ± 3 6.1

2 972 ± 3 107 ± 3 9

2.5 775 ± 3 110 ± 3 7

3 1032 ± 3 165 ± 3 6

3.5 1067 ± 3 173 ± 3 6

Fig. 3. Photocatalytic degradation of MB at different time intervals

for the samples (a) AR~9, and (b) AR~6.1.
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constant for the sample with AR~6 has a single region of
fitting and there for single rate constant. The reaction
rates for the sample with AR~9 are greater in value with
AR~6 with almost 3 times. It can be seen that where the
K1 for the AR~9 has a lower value the K2 has a much
higher value; this is due to the fact that initially the MB
has much higher concentration that effectively reduces
the light absorbing capacity of the nano-crystals. However
after 150 minutes of irradiation time the dye has been
degraded to > 50 % of its initial intensity. The reaction
rate increases effectively after that and the degradation is
2.5 times faster. This is due to the efficient charge

separation through the length of the nanorods and the
high surface area enables the crystals to absorb more
radiation for enhanced photocatalytic activity.30) 

4. Conclusions

TiO2 flower like nanostructures have been successfully
prepared by microwave-hydrothermal method. And the
structural, morphological, and photocatalytic properties
were evaluated. It was observed that the all samples have
tetragonal rutile structure with very low percentage of
anatase form at lower concentration of TB. The average
crystallite size was found to increase with increasing the
concentration TB. The FE-SEM micrographs reveal the
three dimensional flowers like morphology. The flower
like nanostructures consists of several nanorods coming
out of a single core and has very sharp edges. The best
photocatalytic activity was obtained for the sample
having the highest aspect ratio of ~9. This is due to the
efficient charge separation through the length of the
nanorods and the high surface area enables the crystals to
absorb more radiation for enhanced photocatalytic activity. 
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