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Easy Synthesis Method of MoS2/TiO2 Nanostructure with Great Performance of 
Catalytic Activity Under Visible Light
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Abstract
In this study, TiO2 nanoparticles modified with MoS2 were synthesized using the low temperature hydrolysis method. 
Samples of pure TiO2 and samples of MoS2/TiO2 were prepared using different amounts of MoS2 (1.0% and 10.0% by 
weight). The samples were annealed at 500°C and 700°C and characterised by ICP-AES, XRD, Raman, FT-IR, TG, 
XPS and DR-UV-Vis spectroscopy. The results suggest that the MoS2 added during synthesis is a satisfactory source 
of Mo to produce doping of the TiO2 structure. In addition, the transformation of anatase phase to rutile is delayed 
when the concentration of Mo incorporated into the structure increases. Finally, the effectiveness of the synthesized 
MoS2/TiO2samplesused as photocatalyst for the photodegradation of methylene blue dye under visible light irradiation 
was investigated. TiO2 doped with MoS2 was shown to improve the degradation of methylene blue under visible light. 
There was found to be an optimal temperature and level of doping to achieve improved photocatalytic activity, in our 
case 10.0% MoS2/TiO2 at 700°C.
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Introduction
Photocatalysis has become established as a promising technology 
for water treatment and is widely applied for purifying polluted 
water. In recent years, titanium dioxide (TiO2) has been considered 
an excellent photocatalyst due to its good long-term stability 
against photo and chemical corrosion, low cost and lack of toxicity 
[1,2]. However, the band gap of TiO2 is in the UV range of the 
electromagnetic spectrum, which is a limitation in photocatalytic 
applications as it only uses a small fraction of solar radiation. Society 
is demanding efficient methods for eliminating pollutants, one way 
being to extend the photo-response range of TiO2 towards the visible 
region to improve its photocatalytic efficiency. Many strategies 
have been used to improve the photocatalytic properties of TiO2, 
including forming hetero-structures (FeO3-TiO2, SnO2-TiO2, etc.), or 
doping with non-metals (N, F, etc.), or metals. The use of transition 
metals such as Cu, Cr, Ni, V, Fe, for doping TiO2 has been widely 
researched [3-21]. Although less common, TiO2 doped with Mo has 
been shown to have great potential as a photocatalyst [22-24]. In this 
study, TiO2 was synthesized using the low-temperature hydrolysis 
method with MoS2 as the source of Mo. An analysis was performed 
of the influence of the percentage of doping and the annealing 
temperature on the structural, electronic and optical properties of 
the nanoparticles synthesized. In addition, the appearance of the 
Burstein-Moss effect in the highly doped samples, characterized by 
a shift towards the blue end of the absorption spectrum, was also 
analysed [25]. Finally, a study was carried out into the influence 

of these properties on photocatalytic efficiency by means of the 
photodegradation of methylene blue under visible light. 

Experimental
Chemicals
All the reagents were from commercial sources and used without 
further purification. Titanium (IV) n-butoxide (TNB, 97%) was 
from Sigma-Aldrich; nitric acid (HNO3, 65%) was from Merck; 
and MoS2 powder was from Sigma-Aldrich; and methylene blue 
(MB, purity 82%) was supplied by Panreac.

Synthesis
MoS2/TiO2 samples were synthesized using a low temperature 
hydrolysis reaction by means of a procedure reported previously 
by the authors [26]. (a) 100 mL of deionized H2O was cooled at 
4°C in order to slow down the hydrolysis reaction, and in same time 
to control the crystallinity of the samples. (b) During the cooling 
process 4°C, a stoichiometric amount of MoS2 was added to obtain 
theoretical proportions of x%MoS2/TiO2 (x% = 1.0%, 10.0% of 
MoS2 added). (c) after that, 10 mL of n-butoxide source was slowly 
dripped into the mixture under magnetic stirring and the samples 
allowed to react for 30 min. (d) then, 4 mL of HNO3 was added, 
and the mixture was stirred for 2 h; (e) after this, a rotavapor was 
used to evaporated the surplus solvent under vacuum at 60°C, and 
subsequently on a hotplate at 100°C until complete removal. 

Finally, as-prepared MoS2/TiO2 samples were annealed in air for 1 
h at 500°C and 700°C. 
Also, pure TiO2 was synthesized using the same procedure in order 
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to compare the results obtained.

Characterization
To characterize the pure TiO2 and MoS2/TiO2 samples and to 
understand how MoS2 affected their photocatalytic properties, 
different instrumental techniques were used to determine the 
proportion of MoS2 and its location in the structure, their crystalline 
phases and band gap energy.

The composition of the MoS2/TiO2 samples was studied by inductively 
coupled plasma atomic emission spectroscopy (ICP-AES) using an 
Iris Intrepid spectrometer, supplied by Thermo Elemental©. Also, the 
identification of the crystalline phases and estimation of the crystallite 
size was performed by x-ray diffraction (XRD) using an instrument 
supplied by Bruker©, model D8Advanced. The XRD spectra were 
recorded with 2θ in the 20-70° range by step scanning, using steps 
of 0.02º, a fixed counting time of 0.1 s/ step, 40 kV and 30 mA. The 
characterization was completed using Raman spectroscopy. Raman 
spectra were registered in a backscattering geometry using a Jobin 
Yvon U1000 double monochromator equipped with a Hamamatsu 
R-943 photomultiplier, using a DPSS 532 nm laser supplied by 
CNI©, model MSL-III-532nm-50mW. Also, XPS experiments were 
performed using monochromatized Al Kα radiation (1486.6 eV), 
and a 20 eV pass energy to record the spectra. The binding energy 
scale was referred to the C1s signal at 284.8 eV, and given with 
an accuracy of 0.1 eV. The spectra were collected using a Kratos 
Axis UltraDLD spectrometer. Moreover, UV-Vis spectroscopy in 
diffuse reflectance mode (DR-UV-Vis) was used to study the optical 
properties of the samples and to determine the band gap energy. The 
equipment, assembled in our laboratory, was composed of a Xenon 
lamp, model ASB-XE-175, supplied by Spectral Products©, as the 
illumination source; a USB2000+ spectrometer supplied by Ocean 
Optics©; and an integrating sphere from Spectra Tech©. Finally, the 
photocatalytic activity of the MoS2/TiO2 samples synthesized was 
analysed. The evaluation of the photodegradation of methylene blue 
(MB) was performed using a halogen lamp as the visible irradiation 
source. The initial concentration of the aqueous solution of MB 
(purity 82%, Panreac) was 4.10-5 M, and the amount of photocatalyst 
was 0.3 gL-1. The reaction time was 6 hours, and the mixture 
of the photocatalyst and MB solution was kept in darkness for 3 
hours before the VIS irradiation to reach the adsorption-desorption 
equilibrium. The photodecomposition of MB was studied using 
the concept of Degradation = (A0-At)/A0, where A0 is the initial 
absorbance at the start of the test and At is the absorbance at time t, 
both measured at 663.97 nm. The absorbance was measured using 
a spectrometer supplied by Ocean Optics©, model USB4000+, and 
a UV-VIS-NIR light source supplied by Ocean Optics©, model 
DH-2000-BAL [27]. 

Results and Discussion
ICP-AES
ICP-AES was used to determine the amount of Mo introduced 
into the MoS2/TiO2 heterostructure synthesized. The theoretical 
MoS2/ TiO2 weight proportions added were 1.0%, and 10.0%. The 
percentages of Mo in the synthesized samples annealed at 500°C 
and 700°C are shown in Table 1. ICP analysis indicated that 45-
64% of the Mo sources had been successfully introduced into the 
TiO2 structure. However, the percentage of Mo incorporated with 
regard to that added was seen to decrease slightly as the percentage 
of MoS2 added in the synthesis increased.

Table 1: Real weight percentage of Mo versus TiO2 determined 
by ICP-AES

Initial %MoS2
added

T / ºC     Mo (%w/w) % Mo incorporated
(%w/w)

0.0%
500 °C ≤0.10* -
700 °C ≤0.10* -

1.0 %
500 °C 0.59 ± 0.02 59.0%
700 °C 0.64 ± 0.04 64.0%

10.0%
500 °C 4.45 ± 0.01 44.5%
700 °C 5.50 ± 0.10 55.0%

*Percentage lower than the detection limit of analytical method

XRD analysis

Figure 1: XRD patterns of pure TiO2 annealed at (A) 500 °C and 
(B) at 700°C

It is well known that the crystallinity and crystalline phase of 
the titanium dioxide TiO2 semiconductor strongly based on the 
annealing temperature [27]. This, could have a positive impact on 
photocatalytic activities. The XRD patterns of the TiO2 powders 
annealed at different temperatures in air for 1 hour are displayed in 
Figure 1. As Figure 1 shown all obtained samples are crystalline. 
Further, the XRD pattern of pure TiO2 calcined at 500°C exhibited 
the intense diffraction peak at 2θ = 25.5° which IS assigned to anatase 
phase, also a few peaks related to rutile phase was detected, this 
implied the coexistence of both anatase-rutile phases of TiO2 in the 
sample annealed at 500°C [28,29]. However, this peak become more 
and more weaker as the annealing temperature increased, as Figure 
1B displayed. Further, a peak with high intensity was appeared at 
2θ=27.3°, which correspond to rutile phase [30]. Additionally, the 
characteristic diffraction peaks in this sample become more. This 
found results indicating that the crystallinity level was improved.

Figure 2: XRD patterns of pure TiO2 and MoS2/ TiO2 as-prepared 
samples annealed at (A) 500 °C and (B) at 700 °C.

The XRD study of the MoS2/TiO2 with different amount of MoS2 
(0.0, 1.0, and 10.0%) after thermal treatment was performed, which 
confirmed the transformation of the synthetized samples from 
amorphous phase to a crystalline phase, as Figure 2 depicted. The 
XRD diffraction peaks of pure TiO2 calcined at 500°C contains a 
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mixture of anatase and rutile phase as discussed above. However, 
for MoS2/TiO2 samples, the diffraction peaks at 2θ= 25.4°, 27.2°, 
36.5°, 38.7°, 48.3°, 55.1°, 55.2°, 64.2°,and  67.3°,which consistent 
with (101), (100), (101), (004), (200), (105), (211), (002)and (116) 
planes respectively, those signals are good matching to the anatase 
phase and reference (File No. JCPDS: 21-1272) [31]. Moreover, 
the widths of the main diffraction peak of anatase in MoS2/TiO2 
become broadening, suggesting a clear decrease in particle size [32].

With the increase in temperature to 700°C, the peak assigned to rutile 
phase detected in pure TiO2, was disappeared in MoS2/TiO2 samples, 
and all the diffraction peaks belong to anatase phase still present, 
which confirms that the MoS2 added stabilize the anatase phase of 
TiO2 even dough at high annealing temperatures. Interestingly, no 
evidence of any additional peaks assigned to MoS2 phases such as, 
MoO2, and TiS2, were detected to be present in the XRD patterns of 
the synthesized samples. That could be a good indication of effective 
dispersion of MoS2 due to their small crystallite particle size, finding 
results confirmed the structure of unique crystal phase of MoS2/TiO2 
was successfully synthetized [33]. Further, the intrinsic structure of 
TiO2 was kept after annealing process.

Further, from the XRD patterns, a semi-quantitative assessment was 
performed of several crystalline properties, such as the percentage 
of anatase (WA) and rutile (WR) phases, the average crystallite 
size (t) and the unit cell volume (V). The average crystallite size 

(t) was calculated from the full width at half-maximum (FWHM) 
according to the Scherrer equation: t=(0.9.λ)/β.cosθ, where λ is the 
wavelength of the X-Ray radiation (1.5406 Å) and β is the full width 
at half-maximum height of the most intense peak of the sample[34]. 
The relative contents of anatase (WA) and rutile (WR) phase given 
in mass fraction were estimated using the relative intensity of the 
rutile (110) peak using the following formula: WR=1/(1+1.81.IA/
IR) and the relative contents of anatase were estimated as WA=100- 
WR; that is, only anatase and rutile phases were considered [34]. 
IA and IR are the relative intensities of the (101) peak of anatase 
and (110) peak of rutile, respectively. Furthermore, the volume of 
the unit cell was calculated from the values of the lattice constant 
a, b and c corresponding to the maximum intensity peak as V = 
a2.c (a = b ≠ c, for anatase and rutile phases). The values of a and c 
were estimated from the two peaks in the patterns with the highest 
intensity using the typical equation for tetragonal systems: 1/d2= 
[(h2+k2)/ a2] + (l2/c2), where d is the interplanar distance from Bragg’s 
law, and h, k, l are the Miller indexes of the planes used [34,35]. 
The values obtained for these properties are shown in Table 2. The 
incorporation of MoS2 delayed the anatase-to-rutile transformation, 
anatase being the predominant phase in the samples annealed at 
500°C and 700°C, while rutile was the predominant phase only 
in the pure TiO2 annealed at 700°C. Also, according to the semi-
quantitative estimation of the amount of anatase and rutile phase, 
the percentage of rutile phase decreased when the amount of Mo 
increased.

Table 2: Semi-quantitative values of anatase and rutile mass fraction, average crystallite size, unit cell volume obtained from 
XRD patterns of the samples synthesized

T / °C MoS2 / % WA / % WR / % t / nm a, b / Å c / Å V / Å3

500 °C
0.0 62.39 37.61 10.91 3.81 8.90 129.32
1.0 100.00 0.00 7.53 3.79 9.51 136.26
10.0 100.00 0.00 3.50 3.78 9.13 130.54

700 °C
0.0 19.21 80.79 27.00 4.59 2.77 58.38
1.0 55.90 44.10 21.04 3.78 9.60 137.20
10.0 76.90 23.10 16.69 3.76 9.14 129.40

Table 2 shows the values of the average crystallite size (t) as a function 
of the annealing temperature; the higher the annealing temperature, 
the higher t, because of particle fusion of the nanocrystals. On the 
other hand, the evolution of t in relation to the percentage of MoS2 
added showed that t decreased as the percentage of MoS2 increased. 
The introduction of Mo into the structure can create structural 
distortions that break the crystal continuity, thereby obtaining smaller 
average crystallite sizes, as reported for other dopants, such as Al, 
Cu or Tm. Thus, doping with Mo inhibits crystal growth and delays 
the transformation of anatase to rutile [11, 36-39].

Moreover, the peaks can be seen to shift and widen (Figure 1). 
As the ionic radius of Mo ions (0.62 Å) is very similar to that of 
Ti ions (0.68 Å), the Mo ions could substitute Ti ions in the TiO2 
lattice and the distortions observed may be a result of this [40,41]. 
However, in the 10.0% MoS2/TiO2 samples the loss of crystallinity 
was not as significant. Analysing the cell parameters of pure TiO2 
and MoS2/TiO2 shown in Table 2, it is possible to see that parameters 
a and c change slightly and the volume of the MoS2/TiO2 cells 
decreases as the percentage of MoS2 increases, the cell volume of 
the 10.0% MoS2/TiO2 sample becoming similar to that of the pure 
TiO2. This suggests that as the level of doping increases, the Mo 

may diffuse towards the surface of the crystal producing a structural 
reorganisation in which the Mo is distributed near to the surface, the 
interior being left with a lower Mo content [42]. Consequently, it 
has less tension, which would explain the greater crystalline quality 
observed in the 10% MoS2/TiO2 samples.

SEM analysis
Figure 3 presented SEM image of the synthetized MoS2/TiO2 
nanoparticles.  Homogenous clusters with pores were formed in 
the MoS2/TiO2 nanoparticles as SEM image displayed. The particle 
size of the MoS2/TiO2 porous structure is in nano-metric scale. 

Figure 3: SEM image of the synthetized MoS2/TiO2 nanoparticles
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The chemical composition of the synthetized samples was study 
using EDS analysis, the obtained EDS spectra is presented in Figure 
4. As can be seen Figure 4, the MoS2/TiO2 nanoparticles mainly 
contained Mo, Ti, S, and O.

Figure 4: EDS analysis of the synthetized MoS2/TiO2 nanoparticles

Raman analysis
Figure 5 displayed the Raman spectra of the pure TiO2 and MoS2/
TiO2 synthesized samples annealed at 500°C (Figure 5A) and at 
700°C (Figure 5B). TiO2 is a semiconductor material type-n, which 
is full of vacancy defects [43]. Raman spectra of the synthesized 
samples displayed anatase and rutile phases of TiO2. Specifically, 
anatase shows six Raman active modes: Eg (1), Eg (2), B1g (1), 
A1g+B1g (2), and Eg (3) at 144 cm-1, 197 cm-1, 399 cm-1, 519 cm-1, 
and at 639 cm-1 [44].

However, rutile phase presented four active Raman modes: B1g, 
Eg, A1g, and B2g at 143 cm-1, 477 cm-1, 612 cm-1 , 826 cm-1 [45]. 
Finding results indicate that Mo ions were well dispersed into TiO2 
lattice structure. Further, broadening and blueshift were observed 
in the main anatase peak Eg (1) in samples. 

In addition, at 700°C plus the shift observed in Eg (1), peaks at 510 
cm-1 and 630 cm-1 seem to displaced towards higher band, also this 
effect indeed increased with introduced Mo amount concentration 
augmented. Thus, confirm the successful substitution of Ti by Mo 
ions, which generates the tensions and distortions in the crystalline 
structure. 

As a consequence, decrease in particle size and shift in the Raman 
bands [26,46-49]. The Raman spectra results are in good accordance 
with the XRD analysis discussed above.

Figure 5: Raman spectra of the synthesized samples annealed at: 
(A) 500°C, (B) 700°C.

UV-Vis spectroscopy analysis
To investigate the optical response of the pure TiO2 and MoS2/TiO2 
synthesized samples, the diffuse reflectance spectra (DRS) of the 
nanoparticles powder were recorded.  

Figure 6A and B presented the UV-Vis spectra in (DRS) for the 
pure TiO2 and MoS2/TiO2 with different amount MoS2 concentration 
(1.0%, and 10.0%) annealed at 500°C and at 700 °C, respectively. 
Figure 6 A and B presented the Tauc plot using Kubelka-Munk 
equation of different samples depicting Kubelka-Munk plots, where 
Figure 6C and D displayed the corresponding ([F(R).hv]1/2) against 
energy plot for the estimation of indirect band gap of the synthesized 
samples annealed at 500°C and at 700°C [50-52]. 

The effective indirect band gap of the synthesized samples was 
obtained by the extrapolation of the linear portion at [F(R).hv]1/2 = 
0 [53,54]. The pure TiO2 nanoparticles show a large fundamental 
absorption edge at around 775 nm which attributed to intrinsic 
indirect band gap of the TiO2 [55]. The MoS2/TiO2 samples exhibited 
a broad blue shift absorption edge compared with pure TiO2. The 
incorporation of MoS2 onto TiO2 crystal lattice, lead to a significant 
increase of the visible light absorption due to the MoS2 quantum 
confinement effect. With narrow band gap energy (1.23 eV), MoS2 
material consider as an excellent candidate for the solar light-driven 
applications [56]. Again, the bulk MoS2 had a small band gap 1.23 
eV, corresponding to the absorption edge at long wavelength (λ = 
1040 nm) [57].

However, the MoS2 in nano-scale, i. e., nanoparticles ranging from 
8 nm to 10 nm, showed the adsorption in visible sunlight zone with 
wavelength approximately around 700 nm, while when the particle 
size decrease further, the absorption wavelength observed at 470 
nm [58]. The particle size of the obtained MoS2/TiO2 nanoparticles 
under this study, varying from 27 nm to 3.5 nm. As a results, the 
absorption edge of the synthesized samples has been extended to 
visible region of the sunlight spectrum [59]. It was reported in 
literature that the strong quantum confinement effect observed in 
MoS2 nanoparticles was responsible of the wide blue shifts observed 
in those samples [60-63]. Interestedly, also the quantum confinement 
effect is responsible for the shift observed in the redox potential 
and of the.

Table 3: Band gap energy values for the pure TiO2 and MoS2/
TiO2 samples synthesized

T / °C Initial % MoS2 
added

Eg / eV

500 0.0 2.93
700 2.98
500 1.0 2.72
700 2.75
500 10.0 2.50
700 2.73

Table 3 shows the calculated band gap values of the pure TiO2 and 
MoS2/TiO2 nanoparticles calcined at various temperatures (500°C 
and 700°C). The effective intrinsic band gap of TiO2 was found 
decreased after the incorporation of MoS2, that might be beneficial 
to reach a high performance of the visible light photodegradation of 
organic dye methylene blue. Due to the combination between TiO2 
and MoS2 nanoparticles structures, the strong band bending at the 
interface improved and become more efficient entre TiO2 and MoS2 
porous nanoparticles. So, the obtained MoS2/TiO2 nanostructures 
would be highly sensitive to the visible sunlight irradiation with 
the expectation of the enhancement of the visible light driven 
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photodegradation of methylene blue.

Figure 6: Absorption edge of the pure TiO2 and MoS2/TiO2 
synthesized samples annealed at: (A) 500°C, (B) 700°C. The 
corresponding Tauc plot of the synthesized samples annealed at 
(C) 500°C and (D) 700°C, considering the intrinsic band gap of 
TiO2 as reference.

XPS analysis
The XPS spectra of pure TiO2 and 5.5% MoS2/TiO2 were recorded. 
Figure 7a shows the Ti 2p peaks. Pure TiO2 shows two peaks located 
at binding energies (BE) of 458.7 eV and 464.4 eV corresponding 
to Ti 2p3/2 and Ti 2p1/2 states of stoichiometric TiO2, respectively, 
which is consistent with the values of Ti4 + in TiO2 lattice reported 
in the literature. 

The typical value reported for Ti(IV) is 458.66 eV, while for Ti(III), 
Ti(II) and Ti(0) they are 457.13 eV, 455.34 and 453.86 eV [64]. In 
turn, the distance between the BE of Ti 2p3/2 and Ti 2p1/2 was around 
5.71 eV, which is consistent with previous results for Ti(IV) [65].

For the 5.5% MoS2/TiO2 samples annealed at 500 °C and 700 °C, 
the binding energies of Ti 2p3/2 and Ti 2p1/2 were 459.18-459.93 eV 
and 464.93 eV, respectively, which are consistent with the presence 
of Ti4+ in the TiO2. 

The shift of the peaks towards a higher binding energy observed in 
the 5.5% MoS2/TiO2 samples with regard to pure TiO2 may be caused 
by Mo, which may be an indication that Mo did indeed substitute 
Ti atoms in TiO2 lattice [41,66].

Mo 3d3/2 and 3d5/2 peaks of the 5.5% MoS2/TiO2 sample annealed 
at 500°C and 700°C are shown in Figure 7(b). The Mo 3d signal 
shows the presence of a doublet peak structure at 235.67-236.05 
eV and 232.92-232.93eV for the samples annealed at 500°C and 
700°C, characteristic of Mo6 + ions [67,68].

The separation between the two peaks is around 2.8-3.1 eV, in 
agreement with the values reported in the literature [41,69]. The 
typical value for Mo 3d5/2 reported for Mo(VI) is 232.5 eV, while for 
Mo(IV) and Mo(V) they are 229.7 eV and 231.4 eV.47 No Mo4+ or 
Mo5+ peaks were observed, indicating that the main oxidation state 
of Mo in the samples was +6 [70].

The XPS spectra of O 1s for pure TiO2 and 5.5% MoS2/TiO2 annealed 
at 500°C and 700°C (Figure 7(c)) show a signal composed of a 
main peak and another less intense contribution at a higher binding 
energy. For pure TiO2, the O 1s signal can be decomposed into two 
peaks; the main peak located at a binding energy about 529.5 eV 
is assigned to O2− in TiO2 lattice, and the small left shoulder peak 
at about 530.8 eV to adsorbed species, such as hydroxyl groups, 
or water [71]. 

Further, for the 5.5% MoS2/TiO2 samples, a wider, asymmetric 
peak shifted towards a higher binding energy is observed. The 
peak located at a binding energy of 530.3-530.4 eV is assigned to 
O2– in the lattice linked to Mo (OMo−O) [72,73]. Furthermore, an 
increase is observed in the signal of the peak assigned to adsorbed 
species, suggesting that the doping produced charge deficiency in 
the structure. Since a titanium atom needs two oxygen atoms, and 
a molybdenum atom needs three oxygen atoms, the structure is 
oxygen deficient. 

This can be compensated for by oxygen atoms absorbed onto 
the surface of the doped sample[41], atoms that are beneficial to 
photocatalytic activity [74].

Figure 7: XPS spectra for samples synthesized of Ti 2p (a), Mo3d 
(b) and O 1s (c)

The photocatalytic activity mechanism of MoS2/TiO2 
nanoparticles
The photocatalytic efficiency of the MoS2/TiO2 samples annealed at 
500°C and 700°C were studied by means of the photodegradation 
of methylene blue under visible light. 

A blank experiment without a catalyst was performed and no 
significant degradation of the MB was found. 

In addition, to determine the time taken to reach the adsorption-
desorption equilibrium a preliminary test was performed involving 
keeping the mixture of the photocatalyst and MB solution in the 
dark for 8 hours. The samples reached the adsorption-desorption 
equilibrium in 3 hours. 

Therefore, to analyse the photodegradation of the MB, the samples 
were kept in the dark for 3 hours and after this time the irradiation 
with visible light began. The irradiation time was 6 hours and the 
test lasted 9 hours in total. 
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For comparison purposes, the measurements of the photodegradation 
of the methylene blue were performed using the pure, synthesized 
TiO2 photocatalyst and commercial TiO2 (Degussa P25) under the 
same conditions. 

The results of total degradation after 6 hours of visible light 
irradiation are shown in Table 4.

Table 4: Percentage of photodegradation of methylene blue 
using the photocatalysts studied under visible light after 6 hours 
of irradiation

Photocatalyst Un-annealed T = 500 °C T = 700 °C
P25 TiO2 40.1% - -
Pure TiO2 - 34.6% 24.2%

1.0%MoS2/
TiO2

- 64.7% 73.0%

10.0%MoS2/ 
TiO2

- 85.1% 87.4%

Figure 8 shows the evolution with the irradiation time of the 
percentage of degradation of the MB photocatalyst for the samples 
under study.

A degradation of up to 40.1% can be observed for the P25 sample, 
somewhat higher than for the pure TiO2 samples synthesized and 
annealed at 500ºC and 700ºC. In turn, the percentage degradation of 
MB increased when using the samples that incorporate Mo (see Table 
4). For the samples annealed at 500ºC, a percentage degradation of 
approximately up to 85% is observed for the sample incorporating 
10.0% of MoS2. 

However, the photocatalytic activity of the samples annealed at 
700°C is greater than that of the samples annealed at 500°C, except 
for the pure TiO2 samples. In this case the difference can be attributed 
to the greater presence of rutile phase, which is less active.

Figure 8: Visible spectra of synthesized samples (A), and (B) 
photodegradation of methylene blue under visible light irradiation 
using the synthesized samples as photocatalyst

The results from DRX and Raman spectroscopy show that the 
samples annealed at 700°C had greater crystallinity than those 
annealed at 500°C. Good crystallinity is very important in 
photocatalytic activity because it results in better movement of the 
charge carriers [75]. Further, the recombination between TiO2 with 
MoS2 was favorable thermodynamically, and due to the presence 
of Mo ions, successful separation of photoexcited electron-hole 
pairs prolonged the lifetime of photoexcited pairs. Thus effectively 
suppressed the recombination of electron-hole pairs, resulting an 
enhance the photocatalytic activity of TiO2.

Additionally, although the predominant phase was anatase, in the 
samples annealed at 700°C there was also a certain amount of rutile 
phase (Table 2). The heterojunction in the phases in the doped samples 
contributed to the charge separation, reducing the recombination 
of electron-hole pairs and thus improving photocatalytic activity 
[76-79]. 

In turn, particle size is known to be an important parameter influencing 
photocatalytic efficiency. The electron-hole recombination rate may 
depend on the particle size. Table 2 shows that the particle size (t) 
decreased as the percentage of Mo increased. It is well known that 
in the nanometer-size range, the physical and chemical properties of 
semiconductors are modified (compared with bulk). Small variations 
in particle diameters lead to great modifications in the surface/bulk 
ratio, thus influencing the recombination rates of volume and surface 
electrons and holes [80]. A smaller particle size also produces a 
greater specific surface. After doping, the Mo6+ ions replace Ti4+ 
ions in the TiO2 lattice, creating an oxygen deficiency that may be 
compensated by oxygen atoms absorbed onto the surface of the 
doped sample [41]. In addition, the Mo6+ ions can act as electron traps 
to promote charge separation, thus reducing the recombination rate 
of the photogenerated carriers [69]. These photogenerated electrons 
trapped by Mo6+ may be transfered to the oxygen molecules adsorbed 
onto the surface, which would get the necessary electrons to form 
H2O2, HO2-and O2

- species that also enhance photocatalytic activity 
[41,81]. However, among the photocatalysts annealed at a 700°C, 
the photocatalytic activity of 1.0% MoS2/TiO2 (85%) was slightly 
lower than the 10.0% MoS2/TiO2 sample (87%) [82]. 

Further, the kinetic reaction of the synthesized samples was 
investigated, and the photodegration of methylene blue followed 
first-order kinetics, the  Kapp which is the apparent kinetic reaction 
rate constant was obtained by the use of the formula (1):

     ln C0 / Ct  = Kapp  t,                                         (1)
 
where C0 and Ct are the concentration of methylene blue at time = 
0 and at t. 
Table 5 displayed the obtained values of Kapp of each catalyst used for 
methylene blue degradation measurements. When the experimental 
data fitted with formula 1, the apparent constant reaction rate (Kapp) 
for the methylene blue degradation were calculated to be 0.0004, 
0.0453, 0.1139, 0.1577, and 4.7853h-1 for methylene blue in absence 
of catalyst, pure TiO2, P25, 1.0% MoS2/ TiO2, and 10.0% MoS2/
TiO2, respectively. 

Additionally, the photocatalytic performance of MoS2/TiO2 
nanoparticles for methylene blue degradation under sun light 
irradiation was 5 times faster than that of pure TiO2.

Table 5: The obtained apparent constant reaction rate constant  
Kapp values
Catalysts Kapp (h

-1)
Without catalyst 0.0004
Pure TiO2 0.0453
P25 0.1139
1.0%MoS2/ TiO2 0.1577
10.0%MoS2/ TiO2 4.7853
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Therefore, the result observed for the synthetized sample suggests 
that the MoS2/TiO2 nanoparticles samples can be an excellent 
candidate as photocatalyst for the degradation of MB under visible 
light irradiation when it compared with pure TiO2, as Figure 9 
displayed. According to reports, the photocatalytic mechanism 
within MoS2/TiO2 nanoparticles could be explained by following 
reasoning; under visible light irradiation, the electron could be 
transited from the conduction band (CB) of MoS2 nanoparticles 
to CB of TiO2 [59,61,83]. In aqueous solution, the photoexcited 
electron will scavenged by the oxygen coming from the water, 
which lead to generation of hydroxyl radicals and decontaminate 
the organic pollutants [83]. Due to presence of the elements N and 
S in the methylene blue (C16H18CIN3S) colorant, so the complete 
degradation of this colorant can be expressed as follows:

Figure 9: The schematic representation of the charge transfer 
mechanism in MoS2/TiO2 samples with improved photocatalytic 
activity compared with pure TiO2 nanoparticles.

Conclusions
In summary, the synthesized MoS2/TiO2 nanoparticles with improved 
visible sun light driven photocatalytic activity were successfully 
obtained by the use of low temperature hydrolysis and their 
photocatalytic activity for the degradation of methylene blue were 
reported. Uniform morphology and decrease in particle size were 
obtained in synthesized MoS2/TiO2 nanoparticles samples. The 
highest photocatalytic activity was showed by the sample with 
10.0% MoS2/TiO2 nanoparticle annealed at 700°C, since it has 
the appropriate amount of MoS2 concentration for suppressing 
recombination of the photogenerated electron-hole and prolonged 
the electron life-time. Indeed, the 10.0% MoS2/TiO2 nanoparticles 
show highest value of the apparent photocatalytic reaction rate 
constant about 4.85 times highest than that of pure TiO2 sample. 
Thus, founding results indicated that this work study could be 
extended to improve the performance and quality for solar light-
driven applications. 
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