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In the present study, synthesis of titania (titanium dioxide, TiO2) nanoparticles, which show 

light absorption characteristics in the ultraviolet region, was successfully achieved in the 

CTAB micelle nanoreactors at room temperature. The shape (or surface morphology), size, 

elemental composition, crystal structure, and optical properties of these particles were characterized by 

scanning electron microscope (SEM), transmission electron microscopy (TEM), X–ray diffraction 

(XRD), fourier transform infrared spectroscopy (FT–IR), and ultraviolet–visible absorption (UV–Vis) 

spectroscopy. Besides, our proposed method allowed for the successful preparation of highly 

crystalline and well–dispersed anatase titania nanoparticles with a phase-pure. Evaluation of 

titania nanoparticles’ photocatalytic activities was performed through degrading the methylene 

blue (MB) dye under ultraviolet light irradiation. Compared to the commercial P25 TiO2 

powder, this result is indicativfe of a high photocatalytic MB dye degradation activity. Also, the 

effect of the amount of TiO2 nanoparticles in the MB dye degradation has been investigated in detail. 

Finally, the stability of photocatalytic activity of those nanoparticles has been evaluated. 
 

Introduction 

Synthesis of transition metal oxide nanostructures has recently 

attracted growing attention among the researchers in chemical 

science. Great importance has been place on the nanoparticles due to 

their peculiar quantum-size properties and high specific surface 

areas.1 A wide variety of potential applications can also be 

considered for the transition metal oxides with diverse 

morphological structures. In this context, there has been considerable 

interest in the synthesis of semiconductor nanostructures and the 

investigation of their properties in the past decade due to their 

potential application in electronic, optical, superconductor devices, 

etc.2-4 Among the transition metal oxide semiconductors, titania as 

an attractive semiconductor material is one of the most prominent 

oxide materials for performing various kinds of industrial 

applications such as photocatalytic, photovoltaic, photonic crystals, 

and photochromic.5-9 Titanium dioxide is recognized as the most 

efficient, nontoxic, insolubility, and stable photocatalyst.10-13 Titania 

nanoparticles can be also used in various applications such as optical 

filters, lithium ion batteries, ceramic membranes, fuel cells, 

hydrogen generation, biology, environmental purification, dye 

sensitized solar cells, and gas sensing systems.14-21 Besides, due to 

their potential application in the decomposition of pollutants in water 

and air, these materials show a highly promising photocatalytic 

activity.22, 23 

   This Material has three crystalline phases: anatase (tetragonal), 

rutile (tetragonal), and brookite (orthorhombic). The anatase phase 

exhibits a photocatalytic activity significantly higher than that of 

other polymorphs of titania.24-27 Formation of a particular phase 

depends on the nature of the precursor, its composition, preparation 

method, and annealing temperatures. Furthermore, properties of 

these materials depend greatly upon their size and morphology, and 

hence much importance is attached to the synthesis of nanostructures 

with different size and morphology.28, 29 Several methods have been 

previously proposed for obtaining nanocrystalline titania including 

sol-gel,30 electrospinning technique,31 hydrothermal,32 microwave,33 

electrospinning,34 diffusion induced phase separation,35 sol–gel 

processing in reverse micelles,36 etc. However, it should be noted 

that some of the used methods do not allow for a large-scale 

production and some others seem to be insufficient for controlling 

the shape and size distribution of titania nanoparticles. Therefore, the 

design of a straightforward and efficient procedure for preparation of 

the nanostructures is of practical interest. Due to the preparation of 

the nanostructures in micelle nanoreactors, an appropriate control of 

size and composition by making use of the low formation 

temperature can be achieved.37-40 In addition, it is appropriate to 

make use of such micelle nanoreactors for the preparation of very 

fine catalytic particles, which can efficiently be used in 

photocatalytic procedures.41-44 Therefore, this procedure can be 

viewed as one viable alternative. 

   In this study, a straightforward, cost- and time-effective, and 

economic approach to the production of single-crystal titania 

nanoparticles with uniform shape and excellent monodispersity 

using the micelle nanoreactors has been developed. Furthermore, for 

the investigation of the photocatalytic activity of these nanoparticles 

under UV light irradiation, MB dye degradation was taken into 

account. This study has also investigated the recycling features of 

the TiO2 photocatalysts while taking the practical application of 

these nanoparticles into account. 
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Experimental 

Materials 

   Cetyltrimethyl ammonium bromide (CTAB, purity 98%) as 

surfactant, and titanium tetrachloride (TiCl4) as precursor salt were 

purchased from Sigma–Aldrich. Commercial P25 TiO2 powder (P25, 

ca. 80% anatase, 20% rutile) from Degussa was used for the 

comparison of the photocatalytic activity. 1-Hexanol (purity∼99.9%) 

as the co-surfactant was supplied from Merck. Deionized and double 

distilled water was used for micelle and solution preparation. Other 

chemicals were purchased from Aldrich and used as received 

without further purification. 

 

Characterization  

   The morphology, size and structure of the titania nanoparticles 

were evaluated SEM, TEM, XRD, FT–IR, and UV–Vis 

spectroscopy. SEM image was obtained on a KYKY-EM3200 

scanning electron microscope using accelerating voltage of 25 kV. 

To obtain SEM image, the sample was dispersed in ethanol and a 

drop of this suspension was deposited on a stainless SEM stub. The 

stub was dried in air at room temperature and coated with gold 

before characterization. Then, the SEM micrograph was obtained. 

TEM measurement for the TiO2 nanoparticles was performed on a 

Philips model EM-208S instrument operated at an accelerating 

voltage of 100 kV. The sample for TEM study was prepared by 

dispersing the TiO2 nanoparticles in ethanol solution followed by 

sonication for 10 min until complete dispersion is achieved. Then, a 

drop of the nanoparticles/ethanol solution was taken on a carbon 

coated copper grid and then evaporated in air at room temperature 

for TEM observations. XRD analysis of the titania nanoparticles was 

carried out using a Philips diffractometer (Model TM–1800). Nickel 

filtered Cu–Kα radiation source was used to produce X–ray (λ = 

0.154 nm), and scattered radiation was measured with a proportional 

counter detector at a scan rate of 4◦/min. The scanning angle was 

from 20° to 80°, operating at a voltage of 40 kV applying potential 

current of 30 mA. FT–IR spectra (in the wavenumber range from 

400 to 4000 cm-1) were recorded using KBr disks on a Shimadzu 

FT–IR model Prestige 21 spectrometer. The UV–Vis absorption 

spectrum of the micelle solution containing the titania nanoparticles 

was measured using a Perkin–Elmer UV–Vis spectrometer equipped 

with a 1.0 cm quartz cell (300–600 nm).  

 

Preparation of the TiO2 nanoparticles 

   As said before, one effective method for preparing nanostructures 

with controllable size, morphology, and crystallinity is to use the 

micelle technique. First, two micelles of dissimilar aqueous phases 

having 0.38 mmol TiCl4 (micelle A) and 0.72 mmol NH4OH 

(micelle B) were synthesized (it should be noted that each micelle 

was prepared with a concentration of 0.12 M CTAB and a given 

amount of 1-hexanol as the co-surfactant). After that, micelle B was 

added to micelle A. The reaction time was maintained for 24 h with 

rapid stirring at room temperature in order to TiO2 precursor. Then, 

methanol was added to the beaker to make phase separation and to 

wash the solution for 10 min three times. The final mixture was 

centrifuged to get TiO2 precursor and it was dried at 60 ℃. 

Crystallization of the product was performed by calcination at 500 

℃ for 4 h in air. The heating rate was 10℃/min and natural cooling 

was used. Titania nanoparticles were completely crystallized into 

anatase phase at a temperature of 500 ℃, without formation of any 

intermediate phases. Finally, the obtained orthorhombic titania 

nanoparticles were characterized by SEM, TEM, XRD, FT–IR, and 

UV–Vis analyses. 

 

Photocatalytic activity measurement 

   By considering the degradation of MB dye (used as a probe) in an 

aqueous solution under ultraviolet light irradiation, a comparison 

between the photocatalysis activity of the prepared spherical TiO2 

nanoparticles and that of the commercial P25 TiO2 powder – as 

photocatalysts – was made. Aqueous suspensions of MB dye (20 

mL, with an initial concentration of 1.0×10−5 M) and photocatalyst 

powder (3.8 mg) were placed in a beaker (50 mL). Prior to 

irradiation, each suspension was magnetically stirred in the dark for 

30 min to get the adsorption/desorption equilibrium (between 

catalyst and dye), followed by the ultraviolet light irradiation. After a 

given time interval during the ultraviolet light irradiation, the 

suspension was centrifuged to separate the catalyst, and the upper 

transparent solution was measured in the range 200–800 nm using 

the ultraviolet–visible absorption spectrophotometer and used to 

determine the remaining fraction of MB concentration (C/C0), where 

C0 and C denote the MB concentrations at t = 0 and t = t, 

respectively. The concentration of the residual MB dye was 

evaluated by the absorbance in the ultraviolet region. In other words, 

the absorbance in the ultraviolet region represents the content of MB 

and its decrease indicates the photodegradation of dye. Finally, the 

remaining fraction of MB concentration from the UV–Vis 

spectroscopy analysis was used as the indicators for evaluating the 

photocatalytic activity of the synthesized titania nanoparticles as 

compared to the commercial P25 TiO2 photocatalyst. 

 

Results and discussion 

Analysis of   titania (titanium dioxide, TiO2) nanoparticles and 

commercial P25 TiO2 

   As it is known, the optical properties of semiconductor 

nanomaterials are affected by their size and morphological 

features.45-47 Thus, in the present study, using SEM analysis, the 

surface morphology of the prepared titania nanoparticles was first 

investigated – as shown in Fig. 1. The synthesized nanoparticles in 

the present study are homogeneous, somewhat agglomerated, and 

sphere-shaped – as shown by SEM image. Worth noting that there 

exists a limited number of released aggregates of larger sizes, which 

can, thus, be explained by the fact that during the washing stages 

some aggregation happens and that the calcination temperature is 

quite high. 

 

 
Fig. 1. SEM image of spherical TiO2 nanoparticles synthesized in 

micelle system. 
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   Also, TEM analysis was used to further characterize the 

morphology and particle size. Fig. 2 shows a typical TEM image for 

the titania nanoparticles. Our synthesized nanoparticles well 

demonstrate a narrow size distribution (with sizes ranging from 5 to 

15 nm) and are generally spherical. This result is in compliance with 

the result of SEM analysis. It has been clearly observed that the 

nanoparticles involved have no agglomeration with respect to their 

edges. As recorded in the literature, titania nanoparticles, due to the 

aggregation problems involved, often show lower efficiencies.48  

 

 
Fig. 2. TEM image of titania nanoparticles formed in micelle 

nanoreactors, scale bar 50 nm. 

 

   Using X–Ray diffraction, the nanostructures can be examined in 

terms of their solid structure and also the purity of the corresponding 

phase can be affirmed. Fig. 3 shows the phase composition of titania 

nanoparticles by the XRD analysis. All diffraction peaks can be well 

indexed to pure anatase structural titania (JCPDS Card No. 04-

0477). Concerning the rutile or brookite phase, no peaks were 

detected, which indicates the satisfactory purity of our produced 

products. These diffraction peaks are broadened since the size of the 

said nanocrystals is fairly small. 

 

 
Fig. 3. X–ray diffraction (XRD) spectrum of anatase titania 

nanoparticles calcined at 500 ℃ for 4 h in air. 

 

   Broadening in the peaks of titania indicates the formation of TiO2 

nanoparticles. According to literature reports, the crystalline domain 

size decreased with increasing line broadening. The XRD pattern 

(Fig. 3) for TiO2 nanoparticles shows considerable broadening of the 

peaks, which is due to the presence of very small crystallites. In 

other words, the broadening of the peaks indicated that the particles 

were of nanometer scale. That the diffraction pattern broadens at the 

peak point can be considered mainly in terms of the four following 

parameters: a) micro-strains (i.e., lattice deformation), b) faulting 

(i.e., extended defects), c) domain size of the crystal, and d) the 

distribution domain size.49 Under the assumption that the considered 

samples are unstrained and non-faulted, the broadening of the peak 

concerning the diffraction pattern can simply be attributed to the 

crystalline domain size.50, 51 

   According to the X-ray line-broadening and using the Debye–

Scherrer equation, the average particle size (D) of the TiO2 

nanoparticles is calculated to be 9.25 nm as follows (Eq. (1)). At the 

angle 2θ of 25.28, 37.80, 48.05, 53.89, and 55.06°, peak reflected 

intensity has considerably increased – as shown by the XRD pattern 

(Fig. 3). Therefore, for estimation of the average size of the particles, 

the (101), (004), (200), (105), and (211) peaks were applied. 

 

																												D � 	
kλ	

β	cos	θ
																																																																			
1� 

 

   In this context, as revealed by the estimation of diffraction peaks 

broadening in XRD image, the average size of crystallite is assumed 

to be in good agreement with the results from TEM micrograph 

(concerning the size of the particles). This partial difference can be 

illustrated by the fact that a global picture is represented by the XRD 

pattern, whereas TEM provides a local feature. In this equation, D is 

the average particle size, k is the so–called shape factor, which 

usually takes a value of about 0.9, λ is the wavelength of the X-ray 

radiation (0.15418 nm for Cu-Kα), β is the full width at half 

maximum (FWHM) of the diffraction peak measured at 2θ (that is 

broad due to the crystallite dimensions), and θ is the angle at 

maximum diffraction curve intensity. Table 1 shows the particle size 

of TiO2 nanoparticles characteristic peaks ranging from 8.26 to 

10.23 nm. 

 

Table 1 Crystal phase and particle size of TiO2 nanoparticles (TiO2 

NPs) and P25 TiO2. 

Average 

particle 

size  

Particle 

size 

(nm)  

FWHM 

(deg°)  

Phase  2θ  Samples  

9.25  8.26  0.9874  Anatase  25.28  TiO2 NPs  

  10.23  0.8218  Anatase  37.80  TiO2 NPs  

  9.48  0.9187  Anatase  48.05  TiO2 NPs  

  9.35  0.9543  Anatase  53.89  TiO2 NPs  

  8.94  1.0034  Anatase  55.06  TiO2 NPs  

34.29  35.02  0.2328  Anatase  25.28  P25 TiO2  

  32.71  0.2503  Rutile  27.45  P25 TiO2 

  32.29  0.2697  Anatase  48.05  P25 TiO2 

  37.15  0.2402  Anatase  53.89  P25 TiO2 

 

   Investigating the surface chemistry of nanomaterials would help to 

have a better view of their properties. FT–IR spectroscopy was 

performed to investigate chemical bonding between Ti and O atoms 

in the wavenumber range from 400 to 4000 cm-1.   Fig. 4 shows FT–

IR spectra of the titania nanoparticles synthesized in micelle 

nanoreactors. The characteristic vibrations of the synthesized titania 

nanoparticles is observed at the broad band 630 to 850 cm-1, which 

be attributed the stretching vibration of the inorganic Ti–O–Ti 

network.52 So we can say that FT–IR spectra agree with XRD 

pattern. Also, no organic species have been introduced during the 
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titania synthesis. Two peaks at 1626 and 3414 cm-1 are attributed to 

H–O stretching and H–O–H bending vibration modes.53 

 

 
Fig. 4. FT–IR spectra of the titania nanoparticles formed in 

water/CTAB/1-Hexanol/isooctane micelle nanoreactors.  

 

   Prior to the photocatalytic activity examination, it is required to 

take the light absorption of these particles into account since the 

absorption edge of UV–Vis and semiconducting catalyst energy 

band are related. Optical properties of the titania nanoparticles were 

investigated by UV–Vis spectroscopy. Concerning TiO2, the anatase 

phase absorption edge is approximately at 387 nm wavelength (Fig. 

5) – which is largely due to the transmission of electrons from the 

valence band of titania to its conduction band.54, 55 This deduces that 

the synthesized titania nanoparticle is an ultraviolet light active 

compound. In this view, it can also be mentioned that, using the 

aforementioned method, the produced nanoparticles have 

photocatalytic properties.  

 

 
Fig. 5. UV–Vis spectra of the titania nanoparticles produced in 

micelle nanoreactors. 

 

   Energy band gap can be determined by the following relationship 

(Eq. (2)). According to the literature, the relationship between 

energy band gap and λonset can be expressed as following:56  

 

             														E� � 	
����.�

������
																																																																				
2� 

 

where Eg is the band gap energy (eV) and λonset is the wavelength 

(nm) of the absorption edge in the spectrum. The energy band gap of 

the obtained titania nanoparticles can be estimated to be 3.204 eV 

according to Eq. (2). This was reasonable because this value was 

higher than the Eg value of bulk anatase titania (3.0-3.2 eV).57 

   It should be here noted that before investigation of the catalytic 

capability of the catalysts used in the present study (for MB dye 

degradation) and for a better comparison of the photocatalytic 

activity of P25 TiO2 (as a commercial substance) with that of the 

TiO2 nanoparticles, it is required that the P25 TiO2 be exactly 

characterized. Therefore, for identification of the structure, 

morphology, and particle size of P25 TiO2, characterization of the 

said substance was taken into account using SEM, XRD, FT-IR, as 

well as UV-Vis spectroscopy analyses.  

   In this context, in accordance with Fig. 6a, the morphology of the 

surface of P25 TiO2 particles was first analyzed using a scanning 

electron microscope (SEM, Hitachi, S–1460). The SEM 

observations revealed that P25 TiO2 particles were ranging in size 

from 30 nm to 40 nm and are asymmetrical in shape. In comparison 

with the TiO2 nanoparticles represented in Fig. 1, these particles 

demonstrate some structures with more conglutination.  

 

 
Fig. 6. SEM image (a) and X-ray diffraction pattern (b) of the 

commercial P25 TiO2 particles. 

 

   XRD pattern of P25 TiO2 is shown in Fig. 6b. In P25 TiO2 

particles – as compared to TiO2 nanoparticles – a significant increase 

in the rutile peak intensity can be observed while a reduction in the 

intensity of anatase peak happens. It means that this pattern is 

properly indexable for the combined rutile and anatase phases. XRD 
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peak at 2θ = 25.28° is usually regarded as the characteristic peak of 

anatase (101), while the XRD peak at 2θ = 27.45° is often 

considered to be characteristic of rutile (110) crystal phase.58, 59 The 

anatase phase of titania generally demonstrates the presence of some 

major peaks at 2θ = 25.28°, 37.80°, 40.05°, 53.89°, 55.06°, and 

62.68° whereas the major peaks at 2θ = 27.45°, 36.08°, 41.22°, 

54.32°, 56.64°, and 69° are associated with its rutile phase. In Fig. 

6b, these are represented by A and R. Furthermore, table 1 shows the 

calculated average P25 TiO2 particle size from Scherrer’s equation 

to be 34.29 nm, which is in good agreement with the observations 

from SEM picture. Moreover, the mean size of the P25 TiO2 

particles is thus greater than that of TiO2 nanoparticles. Based on the 

(101), (110), (200), and (105) reflections, calculation of the mean 

cell parameter was done. 

 For better identification of the metal oxide properties, application of 

FT-IR spectroscopy (as a viable device) has been taken into account. 

Fig. 7a represents the FT-IR spectra of the P25 TiO2 particle. 

Generally speaking, due to the existence of interatomic vibrations, 

some absorption bands lower than 1000 cm-1 are provided by the 

metal oxides. As said above, the stretching and bending vibrations of 

the hydroxyl groups (O-H) are responsible for the peaks at ∼3414 

and ∼1626 cm-1, respectively. On the other hand, the peaks at ∼2920 

and ∼2840 cm-1 are associated with Ti-OH bond. In addition, the Ti-

O stretching and Ti-O-Ti bridging stretching modes are responsible 

for the broad band of absorption in the 400–800 cm-1 region.60 As 

the calcination temperature increases, an increase, however, in the IR 

band intensity related to the vibration mode of Ti–O–Ti happens. In 

view of such variations, a high crystallinity for commercial P25 TiO2 

is observed. 

 

 
Fig. 7. FT-IR spectra (a) and UV–Vis absorbance spectra (b) of the 

commercial P25 TiO2 particles. 

   The commercial P25 TiO2 absorption under the irradiation of the 

UV light has already been carried out.61 In spite of the fact that P25 

TiO2 powder has approximately no absorption to visible light, it, 

nevertheless, shows a strong absorption in UV region – as 

represented by Fig. 7b. In comparison to the TiO2 nanoparticles, a 

marked red-shift is demonstrated by the UV-Vis of P25 TiO2, which 

can be associated with both rutile formation and growth of the 

crystallite. Worth noting that the light absorption properties of titania 

are clearly influenced by the calcination temperature.62,63 It should 

also be mentioned that the existence of the Ti species in the form of 

tetrahedral Ti4+ can be deduced from the fact that, in the wavelength 

below ~400 nm the absorption band is strong. Besides, this is usually 

in connection with the fact that the valence band O2p electron is 

excited to the conduction band Ti3d level.64 Concerning the P25 

TiO2 sample, the band gap energy was observed to be equal to 3.10 

eV. This amount was calculated based on the spectra’s value of the 

wavelength. In this context, the following equation can be 

considered, Eg =1239.8/λonset. Also, it should be noted that as the 

particle size increases, the band gap value decreases.44 

 

Photocatalyst characterization results 

   The degradation efficiencies of MB with the photocatalysts (P25 

TiO2 and TiO2 nanoparticles) as well as without photocatalyst (the 

blank test) under ultraviolet-light illumination are displayed in Fig. 

8. It should be noted that the photocatalytic degradation of MB was 

dependent on the synthesis conditions of the titanium dioxide 

particles.65, 66 The photo-degradation of the MB dye cannot happen 

when no photocatalytic activity exists under the irradiation of the 

ultraviolet light (Fig. 8). However, in case the photocatalysts are 

involved, a dramatic increase in the concentration of MB dye occurs 

as the irradiation time increases. Since the samples are adsorbed, MB 

solution concentration decreases as exposed to the catalytic activities 

in the dark.  

 

 
Fig. 8. Photocatalytic efficiency of the MB dye degradation 

percentage curves under ultraviolet light irradiation: (a) without 

photocatalyst; (b) commercial P25 TiO2 powder; and (c) titania 

nanoparticles. 

 

   The results showed that the presence of commercial P25 TiO2 

powder alone did not significantly enhance the photocatalytic 

activity as compared to the system without catalyst. MB solution 

concentration maximally decreases when the TiO2 nanoparticles are 

used. The reason for such a maximum decrease can be explained by 

the particular morphology as well as the narrow nano-sized 
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distribution of the said nanoparticles. Accordingly, the number of 

active surface sites also increases, which dramatically increases the 

rate of MB degradation. The MB dye degradation percentage was 

calculated by Eq. (3) as follows:  

 

																	D. P.		
t� 	� 	
A" # A$

A"

	% 	100																																																	
3� 

 

where A0 and At are the absorbance value of solution at 0 and t min, 

respectively. After being exposed under the irradiation of the 

ultraviolet light for 6 h, a 4.4% degradation was obtained from 

irradiation in the absence of any catalytic agents – based on the 

calculations of photocatalysis in Eq. (3). When commercial P25 

TiO2 powder was used, the degradation was found to be 57% in a 

time of around 6 h. however, by using the TiO2 nanoparticles, it was 

91% in 3.5 h. Based on the results, these titania nanoparticles 

efficiently show photocatalytic properties when exposed to the 

irradiation of the ultraviolet light. On the whole, the photocatalysts, 

which are smaller in terms of their particle size, provide further 

active surface sites and also transfer the surface charge carrier more 

efficiently.  

 

The impact of photocatalytic quantity on the MB dye 

photocatalytic degrading  

   An important factor in the photocatalytic degrading of the MB dye 

exposed to the irradiation of the UV light is the photocatalytic 

quantity. In this view, as shown in Fig. 9, and by considering similar 

situations, the present paper has investigated the influence of various 

TiO2 nanoparticles amounts on photocatalysis degrading of 20 mL 

MB dye – of which the original concentration was equal to 1.0×10−5 

M. Based on the observations, as the TiO2 nanoparticles quantity 

increases from 3.8 mg to 11.4 mg, the efficiency of the MB dye 

degradation also increases from 91% to 94%, which can be due to 

the increase in the quantity of the photogenerated electron hole pairs 

at the same time as the amount of the catalyst goes up. As reported 

in the literature, increased photocatalytic quantity may result in the 

provision of the photocatalysts with more active sites,67 and hence an 

increase in the amount of the adsorbed photons and of the dye 

molecules occurs.  

 

 
Fig. 9. Effects of amount of the TiO2 nanoparticles in the MB dye 

photocatalytic degradation. 

 

   Nonetheless, if the TiO2 nanoparticles quantity is further increased 

from 11.4 mg to 22.8 mg, efficiency of degradation goes down to 

73.5%, whereas the efficiency of degradation for 11.4 mg was 94%. 

Such decrease can be explained by the obstruction in the penetration 

of the light due to the additional photocatalytic presence.68 To put it 

differently, such decreased efficiency can also be attributed to the 

exertion of both steric and scattering effects through extra catalytic 

quantities on the use of the light by the involved catalytic particles. 

Furthermore, by decreasing the catalytic amount from 3.8 mg to 1.9 

mg, a considerable change occurs in the MB dye degradation, which, 

in turn, results in a decrease in the degradation efficiency from 91% 

to 57%. This result is well indicative of the importance of the 

catalytic amount in the said reaction. Therefore, it can be stated that 

– concerning the MB dye degradation – in our considered case, the 

TiO2 quantity, which can be regarded as optimal, is equal to 11.4 

mg. According to the results, both adequate light and catalytic 

amount are required for the MB dye to be effectively photo-

degraded. 

 

Investigation of the TiO2 nanoparticles’ stability and recycling 

properties 

   One important stage in the evaluation of the photocatalytic activity 

in practice, which is also of great importance in the design of the 

heterogeneous photocatalysis technology concerning the treatment of 

the wastewater, is the consideration of the catalytic recycling 

properties. To put it differently, great importance is also attached to 

the photocatalytic stability – in addition to the photocatalytic 

efficiency – when practical applications are taken into account. 

Consequently, under the irradiation of the UV light, TiO2 

nanoparticles have also been examined in terms of their reusability 

in the process of the dye decomposition. It should also be here 

mentioned that concerning each test the time of UV irradiation was 

assumed to be 3.5 h. As shown in Fig. 10, the successive recycling 

and reusing of the TiO2 nanoparticles was performed for four times 

for the MB dye degradation using the same experimental situation. 

Besides, in this stage, an addition of TiO2 nanoparticles (11.4 mg) 

into 20 mL of MB aqueous solution through the UV irradiation was 

done. Through decanting the liquid phase, the catalytic amount was 

easily separated – based on the related centrifugation – from the 

mixture of the reaction, the catalytic agent was washed using diethyl 

ether, and was ultimately dried at 60 ℃ so that the next reaction run 

could be performed. The efficiency of the MB dye photocatalytic 

decomposition was observed to be 86% after the run of four cycles 

in a time of 3.5 h.  

 

 
Fig. 10. Recycle and reuse of TiO2 nanoparticles for MB dye 

photocatalytic degradation. 
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   As suggested by Fig. 10, this demonstrates that the photocatalytic 

degradation of TiO2 has still a very high efficiency while four runs 

of successive cycling reuse have been performed. This finding is 

indicative of the fact that these TiO2 photocatalytic nanoparticles are 

capable of remaining stable and efficient through the degradation 

period and can also be considered as a potential photocatalyst in 

water treatment. Moreover, this finding is representative of the high 

stability and incontamination of the considered nanoparticles 

throughout the conduction of photocatalytic reaction. However, it 

has been observed that by the fifth iteration of the reaction, as 

compared to the first one, a 31% reduction in the reaction yield takes 

place, which may be explained in terms of the reduced number of 

TiO2 nanoparticles with respect to the amount of the cycles, 

indicating the especial importance attached to the TiO2 nanoparticles 

participation in the MB dye photocatalytic decomposition procedure. 

Clearly, on account of their proper activity and recycling properties 

as well as their being easily separable from the reaction mixture, 

TiO2 nanoparticles are, thus, assumed to be effective photocatalysts. 

Consequently, in the light of the present study, it is hoped that a 

useful material for use in photocatalysis – particularly as a 

photocatalyst for industrial applications – can be obtained. 

 

Conclusions 

   In the present study, through a mild, straightforward, energy 

efficient, and time-saving synthesis method, the pure phase and non–

agglomerated titania nanoparticles with an average size of around 10 

nm were obtained in micelle nanoreactors. Accordingly, an 

economic procedure from both energy and time standpoints is 

achieved. The formation of highly monodispersed TiO2 

nanoparticles – which are spherical in shape and uniform – can be 

justified through the investigation of the surface morphology. 

Creation of a pure anatase titania phase was demonstrated through 

XRD observations. Through the UV–Vis spectroscopy, the band gap 

of the titania nanoparticles at the wavelength of about 387 nm was 

calculated and found to be 3.204 eV. Also, as observed, such 

photocatalysis is recyclable and simply recoverable for four times 

while no reduction in the amount of the photocatalytic activity 

occurs. Furthermore, our prepared titanium dioxide nanoparticles 

show a highly appropriate photocatalytic activity under ultraviolet 

light irradiation. This high photocatalytic activity can be accounted 

for by the unique morphology, narrow size distribution, bulk-to-

nanostructure variation, as well as the strong ultraviolet light 

absorption of the considered nanoparticles.  
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