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Abstract
In this paper, we report a novel surfactant mediated hydrothermal method for the synthesis of
flower like TiO 2 nanostructures. The synthesized TiO 2 nanostructures were characterized by
R

R

R

R

X-ray diffraction (XRD), Field emission scanning electron microscopy (FESEM), Fourier
transforms infrared spectroscopy (FTIR), and UV-Vis spectroscopy. The effect of
hydrothermal time (HT) on TiO 2 towards degradation efficiency of photocatalyst has been
R

R

studied. It was observed that the size of nanoparticles, band-gap energy and photocatalytic
activity of TiO 2 depend on hydrothermal time. The TiO 2 nanoparticles synthesized at
R

R

R

R

hydrothermal time of 24 h follows first-order kinetics and indicated the highest
photoreactivity towards Rose Bengal (RB). The effect of various parameters such as initial
dye concentration, catalyst loading, pH of the medium, on the decolorization and photo
degradation of RB also has been investigated.
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Introduction
The growth of industry worldwide has tremendously increased the generation and
accumulation of waste by products. In general, the production of useful products has been
focused on and the generation of waste by products has been largely ignored. This has caused
severe environmental problems that have become a major concern. Researchers all over the
world have been working on various approaches to address this issue. Photoinduced processes
have been studied and various applications have been developed. One important technique for
removing industrial waste is the use of light energy and particles sensitive to this energy to
mineralize waste which aids in its removal from solution. Titanium dioxide (TiO 2 ) is
R

R

considered very close to an ideal semiconductor for photocatalysis because of its high
stability, low cost and safety toward both humans and the environment.
In 1964, Kato et al. published their work on the photocatalytic oxidation of tetralin by a TiO 2
R

R

suspension, which was followed by McLintock et al. investigating the photocatalytic
oxidation of ethylene and propylene in the presence of oxygen adsorbed on TiO 2 [1,2].
R

R

However, the most important discovery that extensively promoted the field of photocatalysis
was the “Honda-Fujishima Effect” first described by Fujishima and Honda in 1972 [3]. This
well-known chemical phenomenon involves electrolysis of water, which is related to
photocatalysis. Photoirradiation of a TiO 2 single crystal electrode immersed in an aqueous
R

R

electrolyte solution induced the evolution of oxygen from the TiO 2 electrode and the
R

R

evolution of hydrogen from a platinum counter electrode when an anodic bias was applied to
the TiO 2 working electrode. [4]. In 1978, the first organic photosynthetic reaction was
R

R

presented as an alternative photoinduced Kolbe reaction which opened the field of
photosynthetic reaction [5]. In 1983, Ollis and coworker showed the extent of adsorption of
several chlorinated hydrocarbons in terms of the Langmuir adsorption isotherm [6]. In 1986,
Fujishima et al. used TiO 2 for photokilling tumor cells. In 1995, Fujishima et al. found that
R

R
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TiO 2 films coated with certain amount of silica acquired superhydrophilic properties after
R

R

irradiation with UV light [7]. In 1998, Wang et al. developed highly hydrophilic TiO 2
R

R

surfaces with excellent anti-fogging and self-cleaning properties [8]. In 2002, Watson et al.
used the sol-gel technique to coat magnetic particles with TiO 2 , producing a novel magnetic
R

R

photocatalyst that was easy to separate from a slurry-type photoreactor by application of an
external magnetic field [9]. In 2005, Sreethawong et al. synthesized nanocrystalline
mesoporous TiO 2 using sol-gel techniques combined with surfactant-assisted templating and
R

R

evaluated its photocatalytic activity of the evolution of hydrogen from an aqueous methanol
solution [10]. In 2009, Lai and Lee revealed the ability and mechanism of photoexcited TiO 2
R

nanoparticles modified with folic acid to kill cells. Folic acid was bound to TiO 2
R

R

R

nanoparticles to provide cell targeting specificity [11]. These nanoparticles exhibited higher
cytotoxicity under photoexcitation. Wang et al. synthesized TiO 2 -coated magnetic silica that
R

R

showed enhanced photocatalytic activity for the degradation of reactive brilliant red X-3B
compared with Degussa P25 under both UV and visible light irradiation. Furthermore, the
prepared composite photocatalyst had tunable magnetic properties [12].
In this work, we have synthesized TiO 2 nanostructures using sodium dodecyl sulfate
R

R

as surfactant and investigated its photocatalytic performance towards degradation of RB. The
degradation performance as a function of hydrothermal time of TiO 2 nanostructures was
R

R

evaluated for different hydrothermal time. The result obtained at 48 h depicts the flower like
morphology and degrades 96% of RB in 60 min. The effect of various parameters such as
initial dye concentration, catalyst loading, pH of the medium, on the photo degradation of
RhB has also been studied in this work.
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2. Experimental
2.1 Preparation for photocatalyst
In a typical procedure, 1.0 g sodium dodecyl sulfate was dissolved in 60 ml of ethylene
glycol by ultrasound, and then 6.8 ml Ti(OC 4 H 9 ) 4 was added slowly in this solution under
R

R

R

R

R

R

magnetic stirring, after that, the mixture was stirred until the clarification. 20 ml TiCl 4 was
R

R

added dropwise into the clear solution under magnetic stirring, afterwards, the mixture was
stilled until transparent solution. The solution was then placed in clean Teflon-lined stainless
steel autoclaves (100 ml). The hydrothermal treatment was processed at 150 °C for different
times (24, 48 and 72 h). After hydrothermal reaction, shutting the power, it was cooled
naturally to room temperature. The product was washed with distilled water and alcohol for 3
times. The washed product was dried in an air at 60 °C for 12 h. Finally, the product was
heated at 550 °C for 3 h in a muffle furnace. At last, the prepared photocatalysts were signed
as T1, T2 and T3 for the samples synthesized at 24 h, 48 h and 72 h respectively.
2.2 Catalyst Characterization
The phase identification of the TiO 2 powders was obtained by XRD recorded using
R

R

powder X-ray Diffractometer, Bruker D8 Advance with Cu Kα irradiation (λ=0.154 nm) in
the 2θ range of 20–70° at scan rate of 2 °/min. The surface morphology and composition of
prepared samples were investigated by FE-SEM using JEOL 6340F field emission scanning
electron microscope. To examine the purity and chemical compositions, we examined the
prepared SnO 2 by FTIR spectroscopy (Frontier Perkin Elmer). The spectral changes in
R

R

concentration of RB during photocatalytic degradation were studied using the
spectrophotometer (UV-2401 PC Shimadzu spectrophotometer).
2.3 Photocatalytic Experiment
100 ml of 10 ppm solution of Rose Bengal dye was taken in a 250 ml conical flask. Next,
0.01gm of catalyst (TiO 2 ) was added into this solution and the resulting mixture was stirred
R

R
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vigorously (800 rpm) using a magnetic stirrer in dark for about 10 mins after which a 2 ml
aliquot of the reaction mixture was taken out using a pipette. The solution was then placed in
sunlight and stirred using magnetic stirrer.2 ml aliquots of the reaction mixture were taken at a
regular interval during the irradiation time and centrifuged immediately to separate the
suspended solids. A visible difference in the colour of the dye solution containing catalyst TiO 2
R

prepared via hydrothermal route was observed after 30 mins of irradiation time.
3

Results and Discussion

3.1 Characterization of TiO 2 samples
R

R

Fig. 1 XRD pattern of TiO 2 prepared for different hydrothermal treatment time (a) 24 h (b) 48 h and
(c) 72 h
R

R

The crystal structure of TiO 2 nanoparticles were determined by glancing angle X-ray
R

R

diffraction technique using CuKα (λ = 1.5418 Å) radiation. The XRD spectrum of the
nanocrystalline TiO 2 prepared at different temperature as shown in Fig. 1. The XRD plots
R

R

show the appearance of peaks at 25º, 37 º, 48 º, 54 º and 63 º indicating formation of TiO 2
R

R

crystalline phase [13]. The XRD peaks corresponding to (101), (004), (200), (105) and (211)
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plane indicate that TiO 2 in anatase crystalline phase and show the formation of crystalline
R

R

structure of nanoparticles. The size of crystal is an important factor that affects the TiO 2
R

R

photocatalytic activity. The crystalline sizes of grains were calculated by using Scherrer
equation [13]. It is also observed that the increase in annealed temperature did not cause the
transformation of lattice structure of TiO 2 . This shows that the crystalline size is smaller for
R

R

24 h. The micro strain for peak at 2θ =25 º was calculated from Stokes and Wilson formula
are shown in Table 1. The average crystalline size (D) of the sample prepared for different
hydrothermal treatment time lies in the range of 10–18 nm.
Table 1. Experimental parameters of TiO 2 calcined at different time
R

Sr.
No

D(nm)a

Hydrother
mal time (h)

R

Microstrainb

1.

24

17.99

0.357

Surface
Area
(m2/g) c
47

2.

48

10.90

0.387

81

3.76

60

96.0

3.

72

14.43

0.372

64

3.70

70

92.5

P

P

P

P

P

Band
Gap
(eV)d
3.87

Degradation
Time (min)e
80

Degradation
Efficiency
(%)f
89.2

P

P

P

𝐷 = 𝐾𝜆/𝛽 cos 𝜃 where ‘K’ is Scherrer’s constant, ‘λ’ is X-ray wavelength, ‘β’ is full width at half-maximum

a
P

and ‘θ’ is the diffraction angle

Stokes and Wilson formula for peak at 2θ = 26.89°, 𝜖𝑟 = 𝛽 ⁄4 tan 𝜃

b
P

P

specific surface area (SSA),𝑆 = 6⁄𝜌𝐷 , where S is the specific surface area, D is the average crystallite size

c
P

P

and 𝜌 is the materials density.
d
P

As calculated from UV-Vis Tauc plots
P

e
P

As calculated from Fig 4.3(D)
P

f
P

P

Degradation efficiency, D = (A 0 -A)/A 0 , where A 0 and A show initial absorbance and the final absorbance of
R

R

R

R

R

R

dye sample solution

Morphology of synthesized TiO 2 nanoparticles was characterized by field-emission scanning
R

R

electron microscopy (FESEM). Fig. 2(a-d) displays the FESEM images of the TiO 2 products
R

R

prepared for different hydrothermal treatment time (HTT) and Fig. 2(b,c) displayed the
images of the TiO 2 prepared at HTT of 48 h at different magnification. At low magnification
R

R

(Fig. 2 (b)), there are a large number of porous TiO 2 nanoflowers with diameters of about 300
R

R
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nm presented in FESEM image. At high magnification (Fig. 2(c)), the as-synthesized porous
TiO 2 nanoflowers are composed of numerous nanosheets with diameters around 50–70 nm.
R

R

Fig. 2 FESEM images of TiO 2 prepared for different hydrothermal treatment time (a) 24 h (b,c) 48 h
and (d) 72 h.
R

R

Fig. 3 shows the FTIR spectrum of as prepared TiO 2 nanoparticles prepared for different
R

R

hydrothermal treatment time. From this spectrum, the absorption peak at 3399 cm−1 is
P

P

attributed to the vibration of the -OH group because of the fact that the TiO 2 retain certain
R

R

adsorbed water from the ambient atmosphere. The bonds observed in the region of 1176 cm−1
P

P

were assigned to the vibration of different types of surface hydroxyl groups [14]. The band at
635 cm−1 is assigned to asymmetric Ti–O–Ti stretching mode of the surface bridging oxide
P

P

formed by condensation of adjacent surface hydroxyl group's vibrations [15]. The presence of
such vibration in the synthesized samples confirms that TiO 2 is formed. The metal–oxygen
R

R
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vibrations on the surface layer lead to the forces on the atoms as a result of the band around
635 cm−1.
P

P

Fig. 3 FTIR specta of TiO 2 prepared for different hydrothermal treatment time (a) 24 h (b) 48 h and
(c) 72 h.
R

R

Fig. 4 UV-Vis spectra of TiO 2 nanoparticles TiO 2 prepared for different hydrothermal treatment time
(a) 24 h (b) 48 h and (d) 72 h.
R

R

R

R
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Fig. 4 shows the absorption spectra of the TiO 2 samples for different hydrothermal treatment
R

R

time, which are nearly identical, indicating that the optical band gap is almost same. The
fundamental absorption edge of TiO 2 located in the UV region occurs at ~325 nm [15]. The
R

R

fundamental absorption edges appeared at 319.5 nm (3.87 eV), 328.5 nm (3.76 eV) and 335
nm (3.70 eV) corresponding to samples prepared for different hydrothermal treatment time
24 h, 48 h and 72 h, respectively. The sample prepared for 48 h demonstrates a little red shift
due to the creation of oxygen vacancies due to which it can narrow the band gap and enhance
the absorption.
3.2 Evaluation of Photocatalytic Activities
The photocatalytic activity of TiO 2 samples prepared for different hydrothermal treatment
R

R

time was evaluated by monitoring the change in optical absorption of RB solution at ~553 nm
during its photocatalytic decomposition process and shown in Fig. 5(a-c).The addition of
TiO 2 products leads to a decrease of the absorption band of RB with time. The crystallinity of
R

R

TiO 2 nanoparticles increases with increasing HTT upto 48 h, however, the TiO 2 samples
R

R

R

R

prepared for 48 h (Eg = 3.76 eV) having a flower like nanostructure exhibited the outstanding
photocatalytic performance among all three samples, mainly due to the specific morphology,
which provide larger specific surface area than the others. We observed 89.2, 96.0 and 92.5%
degradation of RhB dye by TiO 2 catalyst different hydrothermal treatment time of 24 h, 48 h
R

R

and 72 h in 80, 60 and 70 min respectively.
The photocatalytic activity of semiconductor photocatalyst material is related to their
corresponding energy band gap which in turn favour for the redox potential of the generated
electron-hole pair in the degradation process [16]. Among the three samples prepared at
different HTT, the samples prepared for 72 h shows the lowest of band gap energy (3.70 eV),
however, the sample prepared for 48 h shows much enhanced photodegradation efficiency
due to its unique morphology. This decrease in photocatalytic activity from sample prepared
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for 72 h to sample prepared at 48 h is related to corresponding increase in particles size and
thus the decrease of surface are due to agglomeration of particles in samples at HTT of 72 h.
Fig 4.5(d) shows a comparison of the photocatalytic activities among TiO 2 photocatalyst
R

R

treated at different calcination temperature along with test photocatalytic experiment for the
pure RB solution in the absence of photocatalyst. It can be noted that a trend of photocatalytic
can be attributed to UV absorption, and the products prepared for HTT of 48 h shows a red
shift and shows the higher photocatalytic activity. The exciting of the nanoflowers also
increases the surface area and there is more reaction place during photocatalytic process.

Fig 5 Photocatalytic degradation of RB solution under sunlight irradiation in the presence of TiO 2
nanoparticles prepared at (a) 24 h; (b) 48 h; (c) 72 h and (d) Comparison of the photocatalytic
activities among TiO 2 photocatalyst treated at different HTT.
R

R

R

R

3.3 Mechanism of photocatalysis
A possible mechanism for photocatalytic degradation of RB and the electron transfer reaction
with oxygen which are involved in the selective photo-oxidation of RB is proposed. There are
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basically two ways to improve the photocatalytic efficiency of TiO 2 nanostructures [17,18].
R

R

First, the decrease in the electron-hole recombination rate which allows them to take part in
the photocatalytic reaction for prolonged time, and second, optimizing the morphology and
structure of the products to get more reactive species, which has significant effect on
enhancing the photocatalytic efficiency. In our experiments, the photocatalytic activities of
TiO 2 nanostructures may be attributed to their flower like structure. Such type of structures
R

R

provide more active sites to adsorb more reactive species and O 2 and allow more effective
R

R

transport for the reactant molecules to get to the active sites. This suggests that hierarchical
flower like structures can improve the photon application efficiency, thus improving the
efficiency of the photocatalysis [19]. In general, during photocatalytic degradation of dye
molecules, hydroxyl radicals (•OH) plays an important role.
Therefore, increasing the percentage of •OH in the reaction system can immediately increase
the photocatalytic efficiency. Under sunlight, the •OH radical is generated from the
oxidization of H 2 O by photogenerated holes (h+) and the deoxidization of O 2 occurs by the
R

R

P

P

R

R

photogenerated electrons (e-).When the TiO 2 photocatalyst is excited under visible light
P

P

R

R

irradiation with energy greater than its band gap, it causes the formation of electron-hole pair
on the surface of TiO 2. These photogenerated electrons and holes can recombine easily on the
R

R

surface of the semiconductor. The holes and electrons thus react with dye molecules in favour
of its degradation directly. In this process, the RhB can interact with the photogenerated holes
in the valance band, provides a direct chemical reaction between the dye and the
photocatalyst.
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